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ABSTRACT

Aim: The performance of three elastomeric materials for the open monophase implant impressions technique was tested
under the following clinical conditions: polyether (IM) and vinylsiloxanether without (ID) and with additional simulta-
neous splinting of the implant impression copings with a higher shore hardness A-silicone (IDF).

Materials and Methods: The three test groups, IM, ID, and IDF, were randomly allocated 10 test subjects with three to five
implants each. The impressions were analyzed regarding the subjective clinical assessments with 11-point rating scales by
the dentist, the patient, and the dental technician, as well as to the comparison of these assessments with the objectified
clinical fit of the manufactured crowns based on standard clinical evaluation criteria. The three groups were statistically
analyzed on the basis of the hypothesis of non-inferiority of ID versus IM and IDF versus IM (alpha < 0.05).

Results: The results of the study showed the objective clinical fit of the dental prostheses made using ID being comparable
to the results obtained with IM. Compared with ID and IM, the precision of fit attained with IDF was reduced, although
the subjective dentist assessments of IDF were in parts significantly better than those of IM and ID (p =.015). A statistically
significant superiority of ID in comparison with IM could be determined with regard to the subjective ratings of the taste
by the test subject (p <.01), of the handling (p <.001) and of the precision details of impression (p =.012) by the dentist,
and of removing the plaster model from the mold by the dental technician (p =.017).

Conclusions: The overall results of the vinylsiloxanether material in terms of the patients’, dentists’, and dental technicians’
assessments proved to be equivalent or superior to those of the polyether material. The IDF technique cannot be recom-
mended for this application.
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INTRODUCTION prostheses that fit the master model perfectly do not

The materials available on the market to date are not ~ aways allow for tension-free integration into the

perfectly appropriate for the creation of identical repli- patient’s mouth. Intraoral impressions, which are used

cas of the actual oral scenario in model form."? Dental  in the production of dental prostheses on implants, have

to meet highly exacting standards in terms of their pre-
cision. Potential transfer errors as a result of discrepan-

i i i ) cies between the oral and model situation may prevent
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closed impressions technique, and a custom or stock
impression trays.'"'>!42

When taking impressions of several neighboring
implants, a primary splinting of the implant impression
copings is being considered with the objective of
increasing the impression’s precision. This can be
achieved by creating a splinting with self-cured acrylic
resins, dually hardening plastics, plaster, or by creating a
direct connection between the impression copings and
the impression tray with a self-cured acrylic resin.'**

However, the benefits of the reinforced splinting
may be negatively affected by the shrinkage of the self-
cured acrylic resin and the resulting deformation of the
impression.”*** A splinting of the impression copings
with a self-cured acrylic resin may also cause the tem-
perature in the implant shoulder to rise by an average
of 4 to 5°C, which can consequently lead to biologic
damages to the implant-bone interface.”” Consequently,
most users forego the utilization of an additional splint-
ing as a rule. Instead, they ensure that the impression
coping is framed like a chimney at a clearance of 2 to
5 mm from the custom tray so that the fixation of the
coping in the optimum layer thickness of the impression
material is warranted.>'>!7!#30!

As an alternate, it has been proposed to achieve an
improved fixation of the impression coping in the
impression by way of a splinting using A-silicone of a
higher shore grade, for example, in the form of a slowly
setting registration material, simultaneously with the
taking of an impression with a low shore grade medium
fluxionary impression material.”> Given that this process
results in the creation of a chemical bond between the
registration materials for the splinting and the impres-
sion materials, and considering the fact that the dimen-
sional variations of these registration materials are
similarly minimal as those of the impression materials,*
this approach appears to be expedient.

Among the numerous differing impression proce-
dures, the current established gold standard is the open
impressions technique. It uses a stable custom tray and
the polyether material “Impregum penta” (3M Espe
Company, Seefeld, Germany), and is the standard pro-
cedure used by many dentists performing implants.”*'?

In 2009, the Kettenbach Company (Eschenburg,
Germany) launched a new impression material called
vinylsiloxanether “Identium” into dental markets. It is a
chemical combination of a polyether material and a
polyvinylsiloxane, that is, A-silicone. According to infor-
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mation provided by the Kettenbach Company, the
combination of the polyether material with polyvinylsi-
loxane components introduces theoretical advantages,
given that it does maintain similar mechanical and
final
hardness more expeditiously. Moreover, it is possible to

hydrophilic properties while achieving its
create a chemical bond between vinylsiloxanether and
polyvinylsiloxane.

Along with material science parameters, the deci-
sions made in routine practical applications when it
comes to the pros and cons of using a certain material
are contingent upon the subjective assessments of the
material by not only the dentist, but also by the patient

and the dental technician.®

MATERIALS AND METHODS
Groups of Test Subjects

A total of 30 test subjects (15 men, 15 women) with
neighboring 3-5 SIC-Ace implants (SIC Invent AG,
Basel, Switzerland) in the lower side tooth region with
remaining natural teeth were recruited for the clinical
study. In all cases, the open impression technique with
custom trays was used, and the implants were to be
supplied with cemented single-tooth crowns based on
standard titanium abutments (SIC No. 936163).

The allocation of the 30 test subjects to the three
impression groups was randomized so that each group
consisted of five women and five men:

1. ID: using vinylsiloxanether “Identium Medium”
(Kettenbach Company)

2. IDF: using vinylsiloxanether “Identium Medium”
(Kettenbach Company) with additional simulta-
neous splinting of the impression copings with the
A-silicone “Futar D Slow” (Kettenbach Company)

3. IM: using polyether “Impregum penta” (3M Espe
Company)

Clinical Protocol

The clinical situation was standardized insofar that the
implants of all 30 test subjects had been surgically and
uniformly exposed after a healing period of 3 months
and 14 days prior to the impression taking. All test sub-
jects had impressions taken by one dentist within a week
thereafter. Seven days after the impression had been
taken, the crown abutments were tested with occluding
self-cured acrylic resin stops for intraoral checkups
of the intra-articulated situations. If necessary, the
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occluding stops were adjusted and the upper jaw model
was newly intra-articulated. After another 7 days, the
fully ceramic veneered single crowns had been manufac-
tured. The laboratory work was performed in a stan-
dardized manner by two dental technicians. Another
dentist, who was given no information as to the impres-
sion material used, performed the clinical fit testing of
the implant dental prostheses within a week. The den-
tists and dental technicians participating in the study
had been calibrated as to the completion of the ques-
tionnaires before the study began. The dentists and
dental technicians provided their evaluations indepen-
dently and separately.

The mixed impressions (implants and natural teeth)
were implemented using an open impressions technique
with custom trays and screwed in impression copings.
The impression materials “Identium” and “Impregum”
were both prepared straight from the polyester bag using
the automated mixing device — Pentamix 2 (3M Espe
Company). Material “Futar D Slow” was prepared in a
dual-chamber syringe using a mixing gun (Kettenbach
Company). Before the tray was guided into the test sub-
ject’s mouth, the implant area and the natural teeth were
additionally injection surrounded with “Identium” or
“Impregum.” Impressions of the opposing dentitions
were taken with a metal stock tray and alginate. All
models were made of type IV super hard plaster (Esthe-
tik Base 300", Dentona AG, Dortmund, Germany).

The groups were compared in terms of the subjec-
tive clinical assessments by the dentist and the patient
concerning the impression, by the dental technician in
conjunction with the model creation and in reference to
objective clinical fit of the implanted dental prosthesis,
which had been manufactured on the basis of the
impression.

Subjective Assessments

The assessment of the impressions by the respective
dentists, patients, and dental technicians was based on
numerical 11-point rating scales (0-10). The respective
11-point rating scales ranged from negative (0) to
positive (10).

The test subjects were asked to rate the taste of the
implant impression material and the alginate. The den-
tists were asked to perform subjective evaluations of the
handling, detail precision of the impression material,
and the quality of the impression. They also recorded
the time it took to make the impression. The dental

technician was asked to subjectively evaluate the rota-
tion safety of the impression coping in the impression
while screwing in the laboratory analogue. Dental tech-
nicians also rated the hydrophilic characteristics of the
material during plaster casting, the ease of removing the
plaster model from the mold, and the detail precision of
the plaster model.

Objective Clinical Evaluation

In the final objective checkup, the model situation was
compared with the clinical situation. For this procedure,
the screwed-on abutments were used to manufacture a
control key made of “Pattern Resin” (GC, Tokyo, Japan)
on the master model. This key was tested for a vertical
and horizontal tension-free fit in the patient’s mouth.
The optional responses were “Yes” and “No.” The
approximate fit of the implant crowns was verified using
a0.05 mm metal template and rated as either “cannot be
inserted = approximate contact force too strong,” “can
be inserted under pressure =adequate,” and “can be
inserted without pressure = too weak.”

The interocclusal fit of the implant crowns was
rated in terms of the required adjustments and allocated
to categories “good” (no adjustments required), “mod-
erate” (drilling required to improve fit <50 um), and
“bad” (non-occlusion, drilling requirements exceed
250 um).

Ethical approval for the study was obtained from
the Ethics Committee of the Faculty of Dental Medicine,
University of Witten/Herdecke, Germany.

The results were statistically analyzed for non-
inferiority of ID, IDF versus IM using the Wilcoxon rank
sum test, and for testing the occlusal, horizontal, and
vertical fit of the crowns using the Fisher’s exact test
(alpha < 0.05).

RESULTS
Subjective Assessments

Test Subject/Patient. Material alginate, which was used
as a taste comparison reference by the groups, was rated
as largely positive by all three groups. The test subjects
also perceived the taste of ID and IDF as rather positive,
while IM received substantially more negative ratings
(p <.002) (see Table 1).

Dentist. In terms of handling, the dentists rated ID
and IDF as statistically significantly better than IM
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Vinylsiloxanether and
Polyvinylsiloxane (IDF)

Statistically Significant

Differences (Wilcoxon

Vinylsiloxanether (ID)

Polyether (IM)

Rank Sum Test)

Max.

Min.

SD Min. Max. Mean SD Min. Max. Mean SD

Mean

1.6
2.4

2.7

5.5

1.8
2.4

2.5

6.6
6.3
-0.3

1.2
1.9

6.7

Taste alginate

IM-ID; IM-IDF

8

10

1.9
—4.8

Taste impression material

-0.5

Difference of taste alginate — impression

material

IM-ID; IM-IDF
IM-ID; IM-IDF

IM-IDF; ID-IDF

10
10
10

0.7

9.3
9.4

9.5

10
10
10
10

0.6
0.5

9.1

0.6
0.5

7.1

Handling

0.7

9.7

8.7

Detail precision of the impression

0.5

0.7

8.7
7.7

10

0.5

8.5

Opverall assessment of the impression

7.6
9.2

1.2

0.7

8.1

Rotation safety of the impression coping

10
10
10

0.4

10

0.3

9.1

Hydrophilic characteristics

IM-ID; IM-IDF

0.4 10 9.2 0.4
10

9.2

0.7

8.5

Removing the plaster model from the mold

0.3

9.1

0.3

9.1

Detail precision of the plaster model

Max. = maximum; Min. = minimum; SD = standard deviation.
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(p=.0001). The results obtained by ID and IDF were
similar in terms of handling. In reference to the detail
precision of the impression, all three groups received
“excellent” ratings, whereby in comparison with IM, ID
(p=.012) and IDF (p =.0235) were found to be supe-
rior. ID and IDF were rated equal. In the overall assess-
ment of the impression, all three methods were rated as
excellent, whereby IDF was found to be superior to IM
(p=.0024) and to ID (p =.0151). IM and ID were found
to be similar. The time that had to be expended on the
performance of the impressions was comparable and
totaled an average of 8 to 10 minutes.

Dental Technicians. No differences between the plaster
models were found as far as the detail precision of the
impression materials subjectively assessed by the dental
technicians is concerned. All methods yielded model
surfaces with high detail precision. Moreover, the dental
technicians found the impression copings’ rotation
resistance in the impression material while screwing in
the laboratory analogues equally good in all cases. In
terms of the impression materials’ hydrophilic proper-
ties, which were evaluated on the basis of the plaster
casting performance of the impressions, all materials
were also found to perform similarly well. The post-
hardening removal of the plaster model from the
impression appeared to be significantly easier on the
impressions using ID and IDF (p=.0172) than those
rated for IM; however, all groups received a rating
of “good” to “excellent.” No differences were found
between ID and IDF during this evaluation.

Objective Evaluations of the Clinical Precision

The clinical fit of the control key, which had been manu-
factured on the abutments of the master model, did not
reveal any differences between the groups in the vertical
relation of the clinical application. In the horizontal
relation, the ID demonstrated a superior fit than IM, and
the latter was superior to IDF; however, only the differ-
ences between ID and IDF reached a statistically signifi-
cant level (p=.0253) (see Tables 2 and 3).

In terms of the approximate contact strength of the
crowns produced, no differences could be found in cat-
egories “too strong” or “adequate” approximate contacts.
However, in the category of approximate contacts that
are too weak, a statistically significant number was
found with IM in comparison with ID (p =.0057) and in
comparison with IDF (p =.0399).
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TABLE 2 Results of the Objective Evaluations 1

Statistically Significant

Polyether Vinylsiloxanether Vinylsiloxanether and Differences (Fisher’s
(IM) (ID) Polyvinylsiloxane (IDF) Exact Test)

Horizontal fit

No 1 0 =

Yes 9 10 ID-IDF
Vertical fit

No 3 0 3 -

Yes 7 10 7 -
Occlusal fit

Good 3 -

Fair 4 -

Bad 3 -

The interocclusal fit of the crowns did not reveal any
statistically significant differences between the impres-
sion materials, whereby the results of ID were slightly
better than those of IM, and the results of the latter were
superior to those of IDF. The duration of the clinical
adjustment time of the crowns was found in reverse
proportion with the clinical fit. As a result, the time
differences required for the dental prosthesis fitting and
adjustment in the dentist’s chair until the dental pros-
thesis attained a usable quality could be measured
accordingly: on crowns that had been made with the
IDF method, the time difference in comparison with ID
averaged 38 minutes in comparison with 28 minutes,
that is, the difference reached almost significant levels
(p =.0652).

DISCUSSION
Critical Evaluation of the Method

Contrary to in vitro laboratory studies, clinical studies
of impression materials do have the inherent disadvan-
tage that it is difficult to achieve a level of standardiza-
tion in the impression situs and the impression process.
To meet the required levels of standardization to the
maximum extent possible, 30 anatomically comparable
patient scenarios featuring multiple implants in the
side-teeth area were selected.

Moreover, the study was performed in compliance
with a standardized dental- and dental technology pro-
tocol over a 3-week period. The differences in the clini-
cal procedures and in the subjective assessments should
therefore have been reduced to a minimum. The clinical

testing of the precision of the dental prostheses’ fit was
kept methodically simple and is largely congruent with
the regular clinical procedure.

More precise values in reference to distortions in the
implant post-impressions can be established through
the taking of measurements using measuring bridges
with adhesive expanding measuring strips that are peri-
odically utilized in in vitro testing situations.

However, in clinical in vivo test scenarios, the latter
do not currently provide solutions for precise applica-
tions. Additional laboratory studies are required to
precisely investigate the material scientific differences
between the chosen impression variants of this study.

Discussion of the Results

In depicting a combination impression of implants and
natural teeth in conjunction with the open impressions
technique and a custom tray, all measured clinical dental
prosthesis precision parameters demonstrated non-
inferiority of the new impression material (ID) in com-
parison with polyether materials (IM).

The combination of a vinylsiloxanether with a
polyvinylsiloxane in the IDF group did not yield any
additional benefits but actually introduced some disad-
vantages: although splinting of the implant impression
copings as used in the IDF group did give the dentist
a sense that the impression quality was superior
(p=.0151 IDF vs ID or p =.0024 IDF vs IM), this was
not corroborated by the evaluation of the rotation resis-
tance of the impression copings when the laboratory
implants were fixated by the dental technician. The
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Vinylsiloxanether and
Polyvinylsiloxane (IDF)

Statistically Significant

Differences (Wilcoxon

Vinylsiloxanether (ID)

Polyether (IM)

Rank Sum Test)

Max.

Min.

Mean

Max.

Min.

SD

Mean

Max.

Min.

Mean

Approximate contacts

1.4
1.2
0.9
13.2

2.2
0.8

1.6
1.3

1.4

1.1
0.6

Too strong

1.2

Adequate

IM-ID; IM-IDF

0.3
38

1.4
11.6

1.5

32

Too weak
Adjustment time

60

25

45

15

9.5

28

50

20

(minutes)

Max. = maximum; Min. = minimum; SD = standard deviation.
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clinical measurements taken of the horizontal dimen-
sion displacements between the implant abutments
yielded significantly worse results for IDF in comparison
with ID (p =.0253). The slightly worse clinical fits found
in the IDF group were also evident in the evaluation of
the initial occlusal fits and the time required to make the
dental prostheses’ fit. Consequently, an excellent clinical
perception during the impression’s evaluation can be
deceiving. In reference to the approximate contacts, the
results generated in the ID group and in the IDF group
were similarly satisfactory or better than in the IM
group. Approximate contact points of the crowns con-
sistently existed in the ID group, that is, all required
adjustments could be made right in the dentist’s chair. A
statistically significant appearance of missing approxi-
mate contacts could be determined in the IM group in
comparison with the ID group (p =.0057) and in com-
parison with the IDF group (p =.0399). This is congru-
ent with the results depicted in the reference literature.
The problem of “Impregum” impressions depicting
implant clearances that are slightly too small has also

3 However, in

been identified in previous studies.'
summary, the clinical results obtained in the three
impression procedures were all comparably good. Not a
single impression-taking process had to be repeated. No
differences could be found in terms of the time required
for taking the impressions — the determining factor for
the time required was the hardening time of the elasto-
meric masses. The “Futar D Slow” material, which was
used as a supplement in the IDF group and added into
the tray, did not cause a significant prolongation of the
impression session.

One notable finding in reference to the subjective
assessments was, in particular, the better taste rating the
polyvinyl ether received in comparison with the poly-
ether material. In the clinical process, ID and IDF proved
superior to IM in terms of the dentists’ assessment of
parameters handling and detail precision of the impres-
sion, and in terms of the dental technicians’ rating in
regard to the ease of removal of the impression from the
cast mold. In reference to parameter hydrophilic prop-
erties and detail precision of the master model, which
makes “Impregum” such a popular material with den-
tists, all three study groups delivered excellent and com-
parable results.

When comparing parameters detail precision of the
impression as rated by the dentist and detail precision of
the master model as rated by the dental technician, it is
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striking that the superiority of ID and IDF in the detail
precision of the impression is not reflected in an
increased detail precision of the model. Instead, the per-
tinent results were equivalent and excellent overall. The
differences in the evaluation of the impression’s detail
precision can likely be attributed to the fact that because
of the lighter coloring of the “Identium,” it proved easier
to assess than the darker “Impregum.” From a dental,
clinical point of view, good legibility is an advantage,
given that it allows for an expeditious assessment of the
impression quality and for the identification of the need
to make a new impression.

The significantly better assessment of the handling
attained by ID and IDF must be attributed to the mate-
rial properties that cause them to drip less than IM.
These material properties could prove advantageous
when utilized in an impression-making process with a
metal stock tray that has a larger reservoir for impres-
sion material. In the case of “Impregum,” it has been
proven in the past that the making of an impression with
a stiff, custom tray that warrants a layer thickness of 2 to
4 mm of impression material delivers superior results
than one made with a ready-to-use perforated
spoon.®'®*%3! A problem of this dimension, which would
render the precision level contingent upon the material
layer thickness, does not exist with A-silicones: as a
result, impressions made with a perforated metal stock
tray are as precise as impressions made with a custom
tray.”* In reference to “Identium” — the new material —
which from a material science standpoint must be cat-
egorized between A-silicones and polyether materials,
this issue will have to be newly clarified through experi-
ments and is subject to further studies to be performed
in the future.

Clinical Relevance

Vinylsiloxanether, the new material for impression
taking, appears to be a good alternate for polyether
materials: based on the results of our study, it allows
users to achieve excellent fits for dental prostheses and
simultaneously achieves very positive ratings in terms of
its clinical handling.
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