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Aprecise marginal fit of fixed restorations is an im-
portant factor in the durability of crowns and fixed

partial dentures, as well as for the health of the sur-
rounding tissue. The quality of fit of dental restorations

is mainly influenced by the accuracy of the dental im-
pression.1–6 Mistakes or inaccuracies are not corrigible
in the successful fabrication of restorations and have a
considerable influence on the fit of the restorations.
Clinical parameters have a major effect on impression
accuracy and reproduction of the preparation margin.7–9

In Europe, condensation-curing silicone, addition-
curing silicone (also known as polyvinyl siloxane
[PVS]), and polyether are the prevailing impression ma-
terials.10 PVS is popular because of its excellent elas-
tic recovery, optimal accuracy, dimensional stability,
adequate tear resistance, ease of use, and lack of un-
pleasant taste or smell.7,10–15 Condensation-curing
silicone impression materials have most of these qual-
ities as well. The dimensional stability11 and tear resis-
tance11,16 of condensation-curing silicones are not as
good as those of PVS impression materials. However,
condensation-curing silicones are less expensive com-
pared to PVS and polyether impression materials.11,17

PVS and polyether impression materials in principle
show comparable accuracy11,18 and optimal elastic
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recovery.16 While polyether impression materials are
more hydrophilic,10,11 PVS shows a superior dimen-
sional stability over time.13

The one-stage putty-and-wash (two materials with
different viscosities), the two-stage putty-and-wash
(two materials with different viscosities), and the
monophase (one material) impression techniques are
commonly used. The different impression procedures
involve either one impression material or two impres-
sion materials with different viscosities and are applied
either simultaneously or in a two-step procedure. The
accuracy of the different impression techniques has
been controversially discussed in the literature. In some
studies, the one-stage putty-and-wash impression
technique was found to be more accurate,1,3,7,18 and in
others, it was the two-stage putty-and-wash impres-
sion technique.7,19 Other studies did not show any sig-
nificant difference.2,4 Based on clinical experience, the
two-stage putty-and-wash impression technique was
recommended, especially for subgingival preparation
margins. The improved representation of subgingival
margins is supposed to be caused by the imposed
pressure of the putty material on the light body im-
pression material.1,7,10,18

Luthardt developed an in vitro procedure applicable
for the analysis of three-dimensional (3-D) changes of
gypsum dies.3 Later on, the procedure was modified in
order to perform an analysis of impression taking in
vivo.7 This in vivo examination procedure facilitates the
evaluation of the 3-D impression accuracy depending
on the impression technique (one-stage putty-and-
wash, two-stage putty-and-wash, or monophase im-
pression). Abutment teeth were reproduced more
precisely by the one-stage putty-and-wash impression
technique compared to the two-stage putty-and-wash.
The latter reproduced the abutment teeth in a more
scaled down manner compared to both the monophase
and the one-stage putty-and-wash impression tech-
niques. This reduction in size can be explained by the
light body material’s limited flow and elastic recovery
after impression removal. By using the two-stage putty-
and-wash impression technique, a newly developed ul-
tralight wash material should allow for an enhanced
representation of the gingival sulcus.

The aim of this study was to test, in a randomized
controlled study, the hypothesis that the accuracy of the
3-D tooth surface reproduction, as well as the depth of
flow of impression material into the gingival sulcus, was
not influenced by the type of impression material when
the two-stage-putty-and-wash technique was used.

Materials and Methods

In this prospective, randomized clinical study, three
two-stage putty-and-wash impressions were taken in
a randomized order from six probands in the pilot study
and 24 probands in the main study.20,21 The study de-
sign was approved by the Ethics Commission of the
Medical Faculty Carl Gustav Carus of the Technical
University Dresden. The inclusion and exclusion crite-
ria are shown in Table 1.

Following a detailed clinical examination, each
proband received a professional teeth cleaning.
Immediately after, three impressions were taken with
Express STD Putty/Wash (3M ESPE), Optosil/Xantopren
L (Heraeus Kulzer), and an experimental ultralight
body/putty material (3M ESPE) in a randomized order.
The impressions were taken with nonperforated, full-
arch metal trays prepared with adhesive at least 10
minutes before impression taking. The timely succes-
sion of the Express STD Putty/Wash impression (REF),
which was chosen as a reference, and the impres-
sions taken with the experimental ultralight body/putty
material (EM) and Optosil/Xantopren L (OX) was as-
signed on a randomized basis.1 The randomization was
carried out in accordance with a randomization list
with groups of six made by the Institute for Medical
Informatics and Biometry at the Technical University
Dresden. A scientific employee, who was not involved
in the clinical process, kept and maintained the list. 

The putty materials REF and OX were mixed by hand
and carefully placed into the impression trays. An au-
tomatic mixing unit (Pentamix 2, 3M ESPE) was used
to prepare the EM putty material. The mixing tip was
constantly placed in the putty while filling the impres-
sion tray to avoid bubbling. The impression tray re-
mained in the proband’s mouth for the amount of time
recommended by the manufacturer. All undercuts and

Table 1 Inclusion and Exclusion Criteria

Inclusion criteria Exclusion criteria

Aged between 18 and 80 y Compromised legal competence
Complete set of either healthy or Pregnancy
restored teeth in the left mandible Periodontal disease (Periodontal Screening Index > 2)
including the second molar Participation in another clinical study < 1 mo ago

Alcohol or drug addiction
Conflict of interest due to participation in another study
Infectious diseases (such as hepatitis or HIV)
Known allergy to materials used in the study
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interdental septa were cut, thus ensuring the optimal
repositioning of the preliminary impression. After suc-
cessful repositioning, the preliminary impressions were
thoroughly cleaned and dried.

The left mandibular first molar, chosen as a reference
tooth, and the occlusal surfaces of all mandibular teeth
were syringed with the wash material. Again, the mix-
ing tip was constantly placed in the wash material in
order to avoid bubbling. The preliminary impression
was taken immediately after. The final impression was
evaluated according to modified California Dental
Association criteria.22 The impressions were poured
with super stone (class IV plaster: Esthetic-Rock 285
apricot, dentona) four hours later, thus guaranteeing
a sufficient recovery time. The Zeiser II system (Amann
Girrbach Dental) was used for cast fabrication. The
master cast was sectioned into one segment with the
teeth under examination, including the reference tooth
and the adjacent teeth (left mandibular second pre-
molar and second molar), as well as into two additional
segments.

After another four hours, when the gypsum had a
guaranteed highest possible stability, the casts were re-
moved from the impressions. All remains of impression
materials were meticulously removed from the master
casts to ensure a triple blind evaluation and avoid bias.
Prior to the evaluation phase, the master casts were
blinded and coded by the scientific employee, who
was not involved in the study. Another clinician, not
knowing which material had been used clinically, care-
fully trimmed the segment of teeth under examination
and marked the reproduction border of the subgingi-
val tooth surface using a magnifying glass (magnifi-
cation �2.3) to assure the exact measurement of the
subgingival tooth surface in the following process. 

The casts were optically digitized using the diGident-
Digitizer (Amann Girrbach Dental) 12 to 72 hours after
fabrication. The three teeth under examination were
digitized from two different directions (oral and buc-
cal). The data were processed following a procedure
developed by Luthardt et al7: For the first visual con-
trol of each of the measured data sets (REF, EM, and
OX), as well as the first processing, the visualization and
processing software ARGUS (Fraunhofer Institute for

Applied Optics and Precision Mechanics) was used. For
further processing, the data were exported into the soft-
ware package Surfacer (Surfacer V10.6, Imageware).
Two data sets were acquired from each cast by mea-
suring from both the buccal and oral directions. The EM
and OX data sets were aligned to the REF computer-
aided design (CAD) model of the respective proband.
The root mean square (RMS) error was calculated in
order to determine the precision of each 3-D alignment
of the data sets to the corresponding reference.

For any EM and OX data set aligned to the REF CAD
model, the 3-D tooth surface reproduction and the
depth of flow of impression material into the gingival
sulcus was analyzed. In the process, the 3-D deviations
between each single point of the datasets were mea-
sured and the REF CAD models were calculated
(Surfacer). The deviations of the points were displayed
on the surface of the REF CAD model with a color-
coded map. Based on the color-coded representation,
the areas with maximum deviations were determined.7

In order to assess the depth of flow of the impression
material into the gingival sulcus, curves were generated
out of the deepest points of each EM or OX data set and
compared to the respective REF CAD model curve (Figs
1a and 1b). The distance between the points of each of
the two curves (REF versus OX or EM) was calculated
and visualized (color-coded graphs) (Fig 1b). The analy-
sis of the depth of flow of the impression material into
the gingival sulcus was limited to the area between the
mesial and distal cusps of the molars (distance between
the black bars in Fig 1a) and to the area between the
mesial and distal marginal ridges of the premolar. By
definition, positive values indicated a deeper flow of EM
or OX impression material into the gingival sulcus and
negative values indicated a deeper flow of the REF im-
pression material into the gingival sulcus.

The study design was based on a balanced three-
period design with four repeats for six possible
sequences. To statistically analyze the accuracy of the 
impression techniques, the hypothesis that neither the
3-D tooth surface reproduction nor the reproduction of
the subgingival tooth surface was being influenced by
the kind of impression material used when the two-
stage putty-and-wash technique was applied was

Figs 1a and 1b (a) Measurement of the
distance between the CAD reference
model and the positive and negative
curves of the inherent EM/OX data sets; (b)
Zoom. Vertical red line between margins =
0.904 mm.

a b
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tested in linear models for repeated measures factors.
Intraindividual factors (timely succession, tooth), im-
pression material, and tooth surface (oral/buccal) were
used for the statistical analysis. All mean value com-
parisons were based on Tukey-adjusted contrasts with
a global significance level of .05. In addition to the de-
scriptive statistical analysis, the deviations between
REF and either EM or OX data sets were analyzed with
the SAS procedure MIXED (SAS/STAT Software, SAS
Institute). The statistical procedure was performed with
blinded data.

Results

Seventy-two impressions were taken from the 24
probands in the main study and analyzed. The results
for the 3-D tooth surface reproduction regarding only
the reference tooth amounted to mean deviations be-
tween 18.4 µm (SD = 6.7) and –15.9 µm (SD = 3.9) for

EM. As for OX, mean deviations between 19.4 µm (SD
= 9.2) and –18.1 µm (SD = 7.2) were determined.

The analysis of the segment under examination re-
sulted in mean deviations between 26.5 µm (SD =
19.8) and –22.6 µm (SD = 14.8) for EM. The mean de-
viations for OX over all teeth ranged between 27.0 µm
(SD = 19.9) and –23.6 µm (SD = 12.5) (Table 2). The
RMS error for the alignment of all data sets was 20.5
µm (SD = 2.7) on average (Fig 2).

For the depth of flow of impression material into the
gingival sulcus, OX showed a deeper flow of material
(mean distance to the reference model: 1.694 mm)
than EM (mean distance to the reference model:
–0.0871 mm) regarding the left mandbular second pre-
molar and first molar (Fig 3). Regarding the positive and
negative average deviations, the completely syringed
reference tooth showed the slightest deviations, while
the left mandibular second molar diverged the most
(Fig 4).

Table 2 Mean (MD) and Standard Deviations (SDs) of EM and OX Compared to REF
for the Reference Tooth and Segment Under Examination*

Mean positive deviations Mean negative deviations

Material MD (µm) SD Adjusted P values MD (µm) SD Adjusted P values

Segment under examination
EM 26.5 19.8 .7750 –22.6 14.8 .5037
OX 27.0 19.9 –23.6 12.5

Reference tooth
EM 18.4 6.7 .3969 –15.9 3.9 .0337
OX 19.4 9.2 –18.1 7.2

*� = .05
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Analysis of Variance for the Reference Tooth

With regard to the reference tooth, tooth surface (buc-
cal/oral) showed a significant impact on the mean
positive (P = .0006) and negative deviations (P = .0058)
between the REF CAD model and the EM and OX com-
parison models. The materials used also had a signif-
icant effect on the distance between the curves of the
REF CAD model and the inherent EM and OX data sets
of the syringed reference tooth (P = .0383).

Analysis of Variance for the Segment Under
Examination

The tooth used had a significant impact on the mean
positive (P < .0001) and negative deviations (P < .0001)
and on the distance between the curves of the REF
CAD model and the inherent EM and OX data sets (P
= .0005). With regard to all teeth under examination,
surface (buccal/oral) showed a significant impact on
the mean positive (P = .0174) and negative deviations
(P = .0164) between the REF CAD model and the EM
and OX comparison models.

Discussion

The comparison of in vitro and in vivo study results is
negatively affected by complex interactions of many dif-
ferent impact factors.1–3,7,9 The advantage of in vitro
studies is that they do not depend on a patient’s com-
pliance and there is no movement, bleeding, sulcus
fluid, choking, or salivation. For those and other reasons,
in vitro and in vivo studies are hard to compare, and ad-
ditionally, the results of in vitro studies are difficult to
apply to typical clinical situations.7–9

As a result of these limitations, this in vivo examina-
tion of the 3-D impression accuracy depending on the
impression material was tested under clinical condi-
tions. To simulate the worst-case scenario, impres-
sions were taken of unprepared mandibular premolars
and molars. These teeth have the largest crown incli-
nation and consequently a large undercut, and thus are
the most prone to impression faults. The complex 3-D
geometry change, which occurs during impression
taking, can be analyzed with an indirect measuring
method, including model production, wax modeling,
and casting of dental restorations.7 Thus, clinical trials,
with the exception of trials based on teeth to be ex-
tracted, only allow a relative comparison of impression
techniques and materials. 

The aim of this study was to measure the depth of
flow of impression material by measuring the maximum
possible representation of impression material in the
gingival sulcus. Although conclusions based on the re-
sults of unprepared teeth cannot be drawn with regard
to the possible reproduction of the preparation margin,
it can be stated that a deeper spreading of impression
material into the sulcus automatically results in a bet-
ter representation of the preparation margin.

The left mandibular first molar was chosen to be the
reference tooth and therefore completely syringed with
the wash material, whereas only the occlusal and in-
cisal surfaces of the other mandibular teeth were sy-
ringed. Figure 4b and Table 2 show the better
performance of the reference tooth in comparison to
the other teeth of the segment under examination.

An actual benefit, but a disadvantage for this study,
is the expansion of the sulcus through an increased
number of impressions. This leads to adulterated results
since impression material flows deeper in an already
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widened sulcus. But since the impressions were taken
in a randomized order, no clinical significant differ-
ences could be observed. Altogether, most clinical
studies only allow a relative comparison of impres-
sions.7 The same applies to the present study. Since the
reference cast is also produced from an impression,
there is no absolute reference for the comparison.

In order to receive only the best quality data for the
data analysis, the proximal areas between the teeth
were left out. In this area, precision is limited due to the
diameter of the burr (1 mm) used for the exposure of
the subgingival tooth surface reproduction border.
Thus, data in the proximal tooth contact areas were un-
accounted for because of a lack of data quality. The re-
production of the subgingival tooth surface was limited
to the area between the mesial and distal cusps of the
molars and to the area between the mesial and distal
marginal ridges of the premolar.

Previous studies found that faults can be generated
during each stage of impression taking, which may
cause imperfections in the impressions. Potential
sources of error could be the impression technique, the
mixing method, the viscosity of the impression mater-
ial, or the mixing-tip diameter of the dispenser.7,17,23–26

In this study, different impression materials with dif-
ferent viscosities, handling properties, and dispenser
systems were used. Regarding REF, the putty material
was manually mixed, whereas the wash material was
mechanically mixed in a light material dispenser. For
EM, both putty and wash materials were mechanically
mixed, and for the third material (OX), both putty and
wash materials were manually mixed. Furthermore, the
mixed OX light material had to be hand-filled in the
light material dispenser, which demands some manual
skill. Summarizing the results of this study concerning
the impression technique, mixing method, material vis-
cosity, and dispenser systems, all materials provide
satisfactory to excellent results as long as the clinician
and the clinical assistant are a well-rehearsed team.

Impression accuracy was evaluated by using a 3-D
analysis method. The EM and OX data sets of the im-
pressions to be compared were separately aligned to the
reference CAD model by calculating the 3-D translation
and rotation of the EM and OX data sets to achieve a
best-fit registration.27 For each measuring point in the
data set, deviations from the CAD model were calculated
and presented as the RMS error (a measurement for the
quality of 3-D alignment).7,28 The better the different data
sets matched, the smaller the RMS error.27,29 Peters et
al defined an RMS error range between 10 and 20 µm
suitable for clinical studies.30 Depending on the size of
the data sets to be aligned, an RMS of around 20.7 µm
represents good alignment.7,30

The hypothesis that the 3-D accuracy of three dif-
ferent silicone materials (REF, OX, and EM) and the

reproduction of the subgingival tooth surface is de-
termined by the rheological properties of the impres-
sion material must be rejected because the newly
developed ultralight wash material did not allow an
enhanced representation of the the gingival sulcus. On
the contrary, the condensation-curing silicone-based
material OX came off well in this study, compared to
other findings in which condensation-curing silicones
in general did not obtain as good of results as
PVS.10,11,14–16 In some articles, it was also claimed that
condensation-curing silicones have less tear resis-
tance than PVS, but no difference between the tear
strength of both materials could be established in
this study.11,16

Conclusions

The maximum possible clinical representation of the
gingival sulcus is not determined by the rheological
properties of the light body material. Clinical parame-
ters, such as the oral or buccal surface of the tooth,
have a significant impact on impression accuracy.
Using an established cutting procedure for preliminary
impressions, the use of an ultralight wash material
showed no advantage in this clinical study when com-
pared to common light materials. Ultralight materials
can be applied only with modified cutting procedures
for the preliminary impressions. While less cutting im-
proves the clinical procedure, repositioning may be
more difficult and less comfortable for the patient.

Acknowledgment

This study was supported by 3M ESPE, Seefeld, Germany.

References

1. Noack T, Balkenhol M, Ferger P, Wöstmann B. Accuracy of dif-
ferent polyvinylsiloxanes [in German]. Dtsch Zahnarztl Z
2004;59:590–592.

2. Siemer A, Balkenhol M, Trost M, Ferger P, Wöstmann B. Accuracy
of one-step vs. two-step putty-wash impressions—A 3-D in-vitro
evaluation [in German]. Dtsch Zahnarztl Z 2004;59:585–589.

3. Luthardt RG. Randomized controlled trial of impression tech-
niques—Accuracy of the three-dimensional reproduction of the re-
lation of prepared tooth to adjacent teeth [in German]. Dtsch
Zahnarztl Z 2003;58:337–342.

4. Lee IK, DeLong R, Pintado MR, Malik R. Evaluation of factors af-
fecting the accuracy of impressions using quantitative surface
analysis. Oper Dent 1995;20:246–252.

5. Wichmann M, Borchers L, Limmroth E. Measuring the accuracy
of  various elastomeric impression materials using a CNC coordi-
nate measuring device (Part 1) [in German]. Dtsch Zahnarztl Z
1990;45:499–502.

6. Carrotte PV, Winstanley RB, Green JR. A study of the quality of im-
pressions for anterior crowns received at a commercial laboratory.
Br Dent J 1993;174:235–240.

Haim et al

Volume 22, Number 3, 2009 301

296_Haim.qxd  5/7/09  9:04 AM  Page 301

© 2009 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.



Literature Abstract

Influence of irrigation regimens on the adherence of Enterococcus faecalis to root canal dentin

Refractory apical periodontitis is often associated with persistent bacteria present in the root canal. Enterococcus faecalis has been
increasingly associated due to its ability to survive chemomechanical debridement and the ability to enter the canal during or even
after root canal treatment. The chemical and physical factors predisposed to the tenacity of the bacteria in the root canal system are
poorly understood. The aim of this paper is thus to investigate the effects of endodontic irrigants on the adherence of E. faecalis to
root canal dentin. One hundred noncarious single-rooted teeth were sectioned at the level of the cementoenamel junction and the
apical section was ground to produce uniform 8-mm-long root sections. The root sections were randomly divided into the following
groups: (1) Group 1: specimens untreated (control), (2) Group 2: specimens were treated with 5 mmol/L EDTA (Merck KGaA) for 5
minutes and 5.2% NaOCl for 30 minutes, (3) Group 3: treated with 5.2% NaOCl for 30 minutes and 5 mmol/L EDTA for 5 minutes,
(4) Group 4: treated with 5.2% NaOCl for 30 minutes, 17% EDTA for 5 minutes, and 5.2% NaOCl for 30 minutes, (5) Group 5:
treated with 5.2% NaOCl for 30 minutes, 17% EDTA for 5 minutes, and 2% CHX for 30 minutes, (6) Group 6: treated with 17%
EDTA for 5 minutes, 5.2% NaOCl for 30 minutes, and 2% CHX for 30 minutes, and (7) Group 7: treated with CHX alone for 30 min-
utes. The treated root sections were subsequently inoculated with E. faecalis and cultured overnight. Bacterial adherence assay was
carried out using Baclight fluorescence stain and viewed under a microscope. Results showed that untreated specimens had the
highest amount of bacteria. For the sections that were treated, it was observed that bacterial adherence was significantly affected by
the last irrigant used. When comparing the various treatments tested, the use NaOCl to remove exposed collagen fibrils and subse-
quent irrigation with an antimicrobial such as CHX significantly reduced the adherence of E. faecalis to dentin. Observations from
this study suggest that chemicals with the ability to alter the physicochemical properties of dentin may also influence the nature of
bacterial adherence and adhesion force to dentin.
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