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Purpose: This study evaluated the accuracy of 2 implant-level impression techniques (direct non-
splinted and splinted) for the fabrication of multi-unit internal-connection implant restorations in 2 sim-
ulated clinical settings (parallel and divergent) using a laboratory model. Materials and Methods: A
dental stone master model was fabricated with 2 pairs of implant replicas. One pair simulated a paral-
lel clinical condition and the other an 8-degree-divergent condition. Ten stone casts were made from
vinyl polysiloxane impressions of the master model for each impression technique. Half of the samples
were created by a direct nonsplinted technique (square impression copings, custom tray), and the
other half were made by a direct splinted technique (square impression copings splinted with autopoly-
merizing acrylic resin, custom tray). Four strain gauges were fixed on each metal framework to mea-
sure the degree of framework deformation for each stone cast in half-Wheatstone-bridge formations.
Deformation readings were made twice in 4 directions (anterior, posterior, superior, and inferior).
Deformation data were analyzed using repeated-measures analysis of variance at a .05 level of signifi-
cance. Results: No significant difference in deformation was found between the direct nonsplinted
and splinted samples in either simulated clinical condition (P >.05). No significant difference in defor-
mation was found between the techniques regardless of condition (P >.05). Conclusions: Within the
limitations of this study, using a 2-implant model, the accuracy of implant-level impressions for inter-
nal-connection implant restorations was similar for the direct nonsplinted and splinted techniques in
settings with divergence up to 8 degrees. INT J ORAL MAXILLOFAC IMPLANTS 2007;22:761-768
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Endosseous dental implant therapy has been
shown to be quite successful for the restoration of
fully and partially edentulous patients.”* It is
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believed that a completely successful result can be
achieved only through the fabrication of passively
fitting prostheses,>® because dental implants are not
supported by a periodontal ligament, which can
compensate for a certain degree of misfit in fixed
partial dentures.”® The absence of a passive fit may
lead to mechanical and biological failures of implant-
supported restorations and osseointegrated
implants, such as fracture or loosening of screws,
retention of biofilm, and even loss of osseointegra-
tion.>~’> However, the clinical and laboratory vari-
ables intrinsic to restorative treatment make it diffi-
cult to fabricate prostheses with a passive fit.
Impression techniques are particularly important
in the fabrication of accurate working casts.'® Several
impression techniques have been proposed to
achieve a definitive cast that will ensure the passive
fit of prostheses on osseointegrated implants. To
ensure maximum accuracy, Brdnemark et al'’
emphasized the importance of splinting impression
copings together intraorally before making an
impression. Although this splinted technique is both
popular and accurate,'0'8-20 it s also time-consum-

The International Journal of Oral & Maxillofacial Implants 761

COPYRIGHT © 2007 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF THIS
ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER



Choi et al

Fig 1  Superior view of the master model with 4 internal-con-
nection implant replicas. Square impression copings were con-
nected to show the angulation of the replicas. The pair on the left
represents the divergent condition, and the pair on the right rep-
resents the parallel condition.

ing to connect the impression copings with acrylic
resin. A number of studies?'-2* have shown no signif-
icant difference in the accuracy of acrylic resin
splinted and nonsplinted impression techniques, and
Inturregui et al?®> and Burawi et al?® found that the
nonsplinted technique was more accurate than the
splinted one. In spite of the expected advantages of
splinted impression copings, the splinted technique
does not always make more accurate casts than the
nonsplinted technique.

Implant-level impression making permits selec-
tion of the most appropriate abutments in the labo-
ratory with abutment selection kits, which is helpful
for situations where vertical space and/or angulation
of the abutment are difficult to determine intraorally.
In addition, it facilitates replacement of the healing
caps by eliminating the need to cover the abutments
with temporary restorations or protective caps.’ In
particular, when the restoration connects directly to
the implants, as in cases of insufficient vertical space,
the definitive cast is obtained by an implant-level
impression.

A lack of parallelism between implants and
between implants and teeth is commonly encoun-
tered in implant prosthodontics and may create an
undesirable path of withdrawal and subsequent dis-
tortion of the impression. The external-hexagon
implant has a relatively short hexagon to which the
impression components mate. In contrast, some
implants with internal abutment connections have
longer walls of relative parallelism that could make
withdrawal of an impression more difficult. The Astra
ST implant (Astra Tech, MéIndal, Sweden) is charac-
terized by an 11-degree taper and a relatively long
hexagon on the internal connection. This connection
structure may affect the accuracy of the implant-
level impression technique.
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Previous studies®16181921-2628 have evaluated the
accuracy of various implant impression techniques at
the abutment level using external-hexagon implants.
Few studies have examined the accuracy of implant-
level impression techniques for internal-connection
implants. The purpose of this in vitro study was to
evaluate the accuracy of 2 different implant-level
impression techniques (direct nonsplinted and
splinted) for the creation of multi-unit internal-con-
nection (Astra Tech) implant-supported prostheses in
a laboratory model simulating 2 different clinical
conditions (parallel and divergent).

MATERIALS AND METHODS

Fabrication of the Master Model

A preliminary master model simulating a linear resid-
ual ridge was fabricated in dental stone. Four holes
were made on the ridge to reproduce 2 different clini-
cal conditions to be treated with 2-implant restora-
tions.The 2 holes in each pair were made 10 mm apart
from edge to edge. One hole had an angulation of 8
degrees toward the posterior; the remaining 3 holes
were not angulated. Thus, 1 pair simulated a divergent
condition, and the other pair simulated a parallel con-
dition (Fig 1). A divergence of 8 degrees was selected
based on previous trials demonstrating that 8 degrees
was the maximum divergence that permitted removal
of the splinted impression copings used in this study.
Four implant replicas (Fixture Replica ST 22509; Astra
Tech) were placed in the holes with acrylic resin (Pat-
tern Resin; GC Corporation, Tokyo, Japan). Two rectan-
gular frameworks (6 mm X 4 mm X 20 mm) simulat-
ing prostheses connecting directly to the implants
were waxed with 4 abutments (Cast-to Abutment ST
22829; Astra Tech) and cast in type IV gold alloy (Jel-4;
Jelenko, Armonk, New York, NY). All measurements
were made on these metal frameworks. The 4 implant
replicas were removed from the preliminary master
model and screwed to the metal frameworks. These
framework-replica structures were then fixed in the
holes filled with acrylic resin using a milling machine.
This procedure was similar to one used in previous
studies'®192? to fabricate a master model. The internal-
connection implant replicas used in this study had
longer walls of relative parallelism, which made with-
drawal of the impression more difficult, resulting in the
transfer of a higher level of stress to the replicas during
the procedure.To fabricate a master model with a pas-
sive fit to the 2 metal frameworks and ensure the posi-
tional stability of the implant replicas throughout the
experiment, a low-consistency vinyl polysiloxane
(Examixfine; GC Corporation) pickup impression was
made with a custom tray fabricated by a wax relief
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procedure on the preliminary master model with the 2
metal frameworks. Four new implant replicas were
screwed to the 2 metal frameworks inside the impres-
sion, and the impression was poured with type IV den-
tal stone (GC Fujirock EP; GC Europe, Leuven, Belgium).
The end result was a master model with 4 implant
replicas embedded directly into dental stone. A groove
was made on the base of the master model to stan-
dardize the tray position during impression making.
This master model was used as the standard for all the
impressions (Fig 1).

Fabrication of Custom Trays

Standardized custom trays were made with light-
polymerizing resin (Fegura Tray; Feguramed, Buchen,
Germany). Two layers of baseplate wax spacers (Kerr,
Romulus, Ml) were placed on the master model with
square impression copings (Fixture Impression Pick-
up ST short 22847; Astra Tech) to ensure uniform
thickness of the impression material. An irreversible
hydrocolloid impression (Kromafaze; Cadco Dental
Products, Oxnard, CA) was made to obtain a single
cast on which all custom trays were fabricated. Twenty
trays were made on this cast, 10 trays for each tech-
nique. Four holes were made on the upper section of
the tray to allow access to the guide pins. The trays
were stored at room temperature for 24 hours before
impression making.3%3

Splinting of Impression Copings

The square impression copings were connected with
acrylic resin (Pattern Resin; GC Corporation) before
use in the direct splinted technique. A mold was
made with vinyl polysiloxane putty impression mater-
ial (Exafine; GC Corporation) to standardize the
dimension of the acrylic resin splints for each speci-
men. Acrylic resin was poured into the mold and
allowed to set for 15 minutes.?> The splinted impres-
sion copings were removed from the master model,
and the excess resin was trimmed away (Fig 2). Fifteen
minutes®® before impression making, the acrylic resin
splints were sectioned equidistant from the 2 impres-
sion copings and reconnected with an incremental
application technique to minimize the polymeriza-
tion shrinkage of the resin during polymerization.3233

Impression Procedures and

Specimen Preparation

Ten impressions with square impression copings
were made for each of 2 different impression tech-
niques. The appropriate adhesive was applied to the
custom trays 15 minutes before impression mak-
ing.3* Low-consistency vinyl polysiloxane (Exam-
ixfine; GC Corporation) was used as an impression
material for all procedures. A dispenser was used to

Fig 2 Splinted impression technique. Square impression cop-
ings were joined together with autopolymerizing acrylic resin
using a vinyl polysiloxane putty mold to standardize the resin
splint dimension.

standardize all mixtures. Vinyl polysiloxane was
meticulously syringed around the impression cop-
ings to ensure complete coverage of the copings and
loaded inside the custom trays. The impression trays
were lowered over the master model until the trays
were fully seated on the positioning groove and then
held in position during the polymerization period
with finger pressure. The impressions were allowed
to set for twice the normal setting time (8 minutes
instead of the usual 4) to ensure complete polymer-
ization at room temperature.> The guide pins were
unscrewed, and the custom trays were removed from
the master model. Implant replicas were manually
fastened to the impression copings in the impres-
sions; care was taken to avoid rotating the copings.
Each impression was poured with vacuum-mixed
type IV dental stone and allowed to rest for 1 hour
for complete setting. All stone casts were stored at
room temperature for a minimum of 24 hours before
measurement. All clinical and laboratory procedures
were performed by a single well-trained operator.

Assessment of Accuracy

Four strain gauges (120 Q; gauge length 1 mm; KFG-
1-120-C1-11, Kyowa, Japan) were bonded to each
metal framework (superior, inferior, anterior, and pos-
terior faces midway between abutments) with a spe-
cial cyanoacrylate (M-Bond 200; Vishay Micro-Mea-
surements, Raleigh, NC) to measure the framework
deformation of each stone cast. These strain gauges
were assembled longitudinally between abutments.
Each pair of strain gauges formed a connection
denoted a “half Wheatstone bridge,” which consti-
tuted 1 channel for evaluating deformation.'® In this
way, 2 reading channels for each metal framework
were established. Channel 1 measured the vertical
deformation (superior-inferior) of the metal frame-
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Fig 3 Cross section of the metal framework showing the strain
gauge setup.

works, and channel 2 measured the horizontal defor-
mation (anterior-posterior; Fig 3). Positive values for
channels 1 and 2 represented the bending of the
metal framework upward and forward, respectively.
Channel signals were improved by a dynamic signal
conditioning strain amplifier (CTA-1000; Curiosity
Technology, Seoul, Korea), converted into digital sig-
nals using a 16-byte resolution converter (DAQCard-
Al-16XE-50; USA National Instruments, Austin, TX),
and processed with custom software (DA-1700B; Cas
Korea, Seoul, Korea). Channel signals were originally
measured in millivolts and then converted into
microstrain units (um/m). Measurements could be
made to the level of 1 ym/m. Prior to the deforma-
tion readings on the stone casts, the metal frame-
works were seated on the master model. The screws
(abutment screw 22568; Astra Tech) were tightened
to 10 Ncm using a torque controller (Torque Wrench
24075; Astra Tech) so that the strain gauges would be
calibrated to zero. This procedure discharged any
residual stress, because it was impossible to achieve
a completely accurate fit between the metal frame-
works and the master model. The lack of a perfect fit
probably resulted from the setting expansion of the
dental stone.

The metal frameworks were seated on each stone
cast, and screws were tightened to 10 Ncm using a
torque controller with the same tightening
sequence. Readings were made twice on each stone
cast. To guarantee the same degree of screw wear
between the techniques, measurement was per-
formed in an alternating sequence between the sam-
ples of the 2 techniques. After the first readings of
the 20 specimens were completed, another series of
readings was performed using a new set of screws. A
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single well-trained examiner blinded to the impres-
sion technique examined all stone casts to read the
deformation of the metal frameworks. Deformation
data of 2 readings were analyzed using repeated-
measures analysis of variance (ANOVA) at a .05 level
of statistical significance. The single-measure intra-
class correlation coefficient (ICC) was calculated to
analyze the agreement of the 2 readings.

RESULTS

Tables 1 and 2 display the measured deformation for
the 2 impression techniques applied to the parallel
and divergent clinical conditions, respectively. In the
parallel condition, repeated-measures analysis of
variance revealed no statistically significant differ-
ences in deformation between direct nonsplinted
technique samples and direct splinted technique
samples in either channel (P = .92 for channel 1 and
P = .70 for channel 2; Table 1). No statistically signifi-
cant differences were found between the impression
techniques in either channel in the divergent condi-
tion (P = .33 for channel 1 and P = .32 for channel 2;
Table 2). The ICCs ranged from 0.2044 to 0.4380
(Tables 1 and 2).

Repeated-measures ANOVA was used to evaluate
the effect of the impression technique and the
underlying condition on deformation (Table 3).There
were no differences in deformation between the 2
impression techniques, regardless of condition, in
either channel (P = .40 for channel 1 and P = .72 for
channel 2). There was also no difference in deforma-
tion between the parallel and divergent conditions,
regardless of the impression technique, in channel 1
(P = .30). In channel 2, however, statistically signifi-
cant differences in deformation were found between
the 2 conditions, regardless of impression technique
(P <.001).

DISCUSSION

Successful implant prosthodontics relies on passively
fitting prostheses.>® An important factor that influ-
ences precision of fit is impression accuracy. Most
reports®1618.19.21-26.28 iy the dental literature have
evaluated the accuracy of impression techniques
using external-hexagon implants, but internal-con-
nection implants have a different connection geom-
etry. Some internal-connection implants have longer
walls of relative parallelism that could make with-
drawal of an impression more difficult, resulting in
the transfer of a higher level of stress to the impres-
sion copings during the impression procedure.

COPYRIGHT © 2007 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF THIS
ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER



Choi et al

Table 1 Comparison of Deformation (um/m) for Impression

Techniques Applied to a Parallel Condition

1st reading 2nd reading
n Mean SD Mean SD P* Icct
Channel 1
Nonsplinted 10 -1116.1 259.8 -1359.1 295.4 .92 4380
Splinted 10 -1093.1 119.7 -1363.1 152.3
Channel 2
Nonsplinted 10 116.8 36.2 124.0 31.9 .70 .2044
Splinted 10 130.2 29.4 119.0 22.7

*Differences between both techniques were evaluated by repeated-measures analysis of
variance. P < .05 level was considered significant.
Single-measure ICC between the 2 readings.

Table 2 Comparison of Deformation (um/m) for Impression

Techniques Applied to a Divergent Condition

1st reading 2nd reading
n Mean SD Mean SD P* Icct
Channel 1
Nonsplinted 10 -983.0 2884 -1443.6 393.3 .33 2767
Splinted 10 -853.0 226.5 -1338.1 2433
Channel 2
Nonsplinted 10 57.2 31.1 79.5 23.7 .32 2242
Splinted 10 43.2 25.4 75.0 17.7

*Differences between both techniques were evaluated by repeated-measures analysis of
variance. P < .05 was considered significant.
Single-measure ICC between the 2 readings.

This study evaluated the accuracy of 2 different
implant-level impression techniques used for the
fabrication of multi-unit implant restorations. To
assess the effect of the connection configuration on

Table 3 Repeated-Measures ANOVA for Channels

as a Function of Impression Technique and
Simulated Clinical Condition

the accuracy of the impression techniques, 2 differ- F Degree of freedom P
ent clinical situations, parallel implants and implants Channel 1
that diverged by 8 degrees, were simulated.The Astra HESRTES i (1,37) -40

. . h Conditions 1.11 (1, 37) .30
ST implant used in this study has an 11-degree taper Channel 2
and a lower hexagon with parallel walls on the inter- Techniques 0.13 , 37) 72
nal connection. The maximum divergence between Conditions 70.35 (1,37) <.001*

Astra ST implants permitting the removal of the
splinted impression copings and the seating of the
metal frameworks is determined by the spaces

*Statistically significant.

between the hexagons of the implants and coronal
components, such as impression copings and abut-
ments. The use of an 8-degree divergence was based
on prior trials using a rigid acrylic resin beam.

The impression material used in this study was a
low-consistency vinyl polysiloxane. Although poly-
ether has been suggested as the material of choice
for implant impression procedures,'”% a more elastic
impression material could hypothetically reduce the
permanent deformation of the impression.?® Low-
consistency vinyl polysiloxane was also more advan-
tageous in this study because the implants used
caused a higher level of stress to the impression cop-

ings during the impression procedure. In addition,
the advantages of polyether are the same as those of
the splinted impression technique. Therefore, the use
of a more elastic impression material is advanta-
geous in evaluating the effect of splinting impression
copings on impression accuracy.

In this study, the direct nonsplinted and splinted
techniques similarly reproduced the implant position
in both parallel and 8-degree divergent conditions
(Tables 1 and 2).In the splinted technique, the splint-
ing of the impression copings with acrylic resin could
be an advantage.'®37-3° The splinting of impression
copings has been shown to be a primary factor for
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Ch2

Fig 4a Schematic representation of the effect of the screw axis
on the deformation value of channel 2. Channel 2 measures hori-
zontal (anterior-posterior) deformation perpendicular to the screw
axis, making the strain values of channel 2 less dependent on
deformation caused by an inaccurate fit in the 2-implant model
than channel 1.

increasing the fitting precision of the restorative
complex regardless of the impression mater-
jal.18-20.28.2937.38 Tg avoid problems related to resin
polymerization contraction, the resin scaffold should
be prepared 1 day in advance, and the final connec-
tion should be performed just before the impression
procedure.?®

However, connecting the impression copings with
acrylic resin is a time-consuming procedure. The
results of this study suggest that displacement of the
internal-connection impression copings during
impression removal and replica connection in the
direct nonsplinted technique can be controlled by
the elastic impression material and an experienced
practitioner to an extent similar to that observed
with the direct splinted technique.

Vigolo et al?? studied the accuracy of the 3
implant-level impression techniques with the
Osseotite Certain Implant System, another type of
internal-connection implant. They reported that the
splinted technique resulted in more accurate defini-
tive casts when multiple internal-connection
implants with an almost parallel configuration were
to be restored. Their study evaluated the accuracy of
the impression techniques by measuring only 2
selected linear distances between the external edges
of the most mesial and distal implant replica heads
using a profile projector. Since inaccuracy was
expressed in only 2 dimensions, information was lost.
Furthermore, assessment of the total assembly fit
was impossible.’® Strain gauges enable the measure-
ment of deformation in multiple directions with high
sensitivity. The half Wheatstone bridge used in this
study is more advantageous in evaluating the defor-
mation of a framework than the quarter Wheatstone
bridge used in many previous studies.'®
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Fig 4b  Schematic representation of the effect of strain gauge
position on the deformation value of channel 2. If strain gauges
are located in the left side of the midline between the 2 screw
holes, channel 2 shows a positive value because of the direction
of the screw tightening force and the friction between the screws
and the framework.

In the present study, the deformation values of
channel 2 were relatively small compared with those
of channel 1; they were also significantly lower in the
divergent condition than in the parallel condition,
regardless of impression technique (Tables 1, 2, and
3). However, in a 2-implant model, the deformation
values of channel 2 are dependent on the locations of
the 2 strain gauges (1 anterior and 1 posterior)
between the 2 screw holes, because of the direction
of the screw-tightening force and the friction
between the screws and framework (Figs 4a and 4b).
In this study, in spite of efforts to locate the strain
gauges midway between the 2 screw holes, the strain
gauges composing channel 2 might not have been
located in the center. Moreover, the gauges of the par-
allel condition might have been located further from
the center than those of the divergent condition.

Watanabe et al*® reported that screw-tightening
order affects the magnitude of strain on an imprecise
superstructure. In the case of the internal-connection
implants used in the present study, framework seat-
ing sequences also may affect the deformation val-
ues of the inaccurate superstructure because of the
connection design, which causes initial locking only
by framework seating and without screw tightening
(Figs 5a and 5b). Although the same screw-tighten-
ing sequence was used in this study, different frame-
work seating sequences might have been used acci-
dentally. The low ICCs (0.2044 to 0.4380; Tables 1 and
2) in this study might be attributable mainly to
imperfect fit and different seating sequences of the
metal frameworks.

No samples in the 2 impression-technique groups
showed perfect fit with the metal frameworks in this
study. If implant replicas are displaced equally, the
deformation of the framework may be greater in the
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Figs 5a and 5b Schematic representation of the effect of framework seating sequences on deformation values of the framework on an
inaccurate stone cast. Although the same screw-tightening sequence is used for the 2-implant-supported framework, different seating
sequences (a: right to left and b: left to right) may cause different initial contact points and, therefore, may deform the framework differently.

internal-connection implant used in this study than
in an external-hexagon implant. In other words,
when the accuracy of an impression is evaluated by
the deformation of the framework, the inaccuracy of
the impression would be exaggerated in internal-
connection implants with longer walls of relative
parallelism. Further studies of the effects of different
connection systems on the stress of superstructures
are needed.

In this study, there were no significant differences
in deformation between the 2 impression techniques
within an 8-degree divergence. Clinically, divergence
between implants may often be greater than 8
degrees (eg, 10 degrees?3 or 15 degrees*!). In such
cases, removal of rigidly splinted internal-connection
impression copings may be impossible, thereby
necessitating the use of nonsplinted impression cop-
ings.?% Further studies covering the much greater
divergence commonly encountered in implant
prosthodontics are required to evaluate the effect of
connection geometry on the accuracy of implant-
level impression techniques. Studies with other inter-
nal-connection implant systems, such as the Astra
Tech implant system without an internal hexagon,
and other impression techniques are also needed.

CONCLUSIONS

Taking into account the limitations of this study,
using a 2-implant model, the accuracy of implant-
level impressions for internal-connection implant
restorations was similar between the direct non-
splinted and splinted techniques where divergence
was 8 degrees or less.
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