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ABSTRACT
Statement of problem. How the configuration of the NobelActive internal conical connection
affects implant impressions is uncertain.

Purpose. The purpose of this study was to measure the effect in vitro of closed and open tray
impression techniques for NobelActive implants placed at various angulations.

Material and methods. Six NobelActive implants were placed in a master maxillary cast as follows:
0 degrees of angulation to a line drawn perpendicular to the occlusal plane in the first molar area,
15 degrees of angulation to a line drawn perpendicular to the occlusal plane in the first premolar
area, and 30 degrees of angulation to a line drawn perpendicular to the occlusal plane in the lateral
incisor area. Twelve open tray and 12 closed tray impressions were made. Occlusal, lateral, and
frontal view photographs of the resulting casts were used to measure the linear and angular
displacement of implant analogs. Statistical analysis was performed with a factorial analysis of
variance (ANOVA), followed by the Tukey HSD test (a=.05).

Results. No significant difference was found in the impressions made of NobelActive implants with
the open or closed tray technique (linear displacement: F=0.93, P=.34; angular displacement:
F=2.09, P=.15). In addition, implant angulation (0, 15, or 30 degrees) had no effect on the linear or
angular displacement of impressions (linear displacement: F=2.72, P=.07; angular displacement:
F=0.86, P=.43). Finally, no significant interaction was found between impression technique and
implant angulation on NobelActive implants (F=0.25, P=.77; F=1.60, P=.20).

Conclusions. Within the limitations of this study, impression technique (open vs closed tray) and
implant angulation (0, 15, and 30 degrees) had no significant effect on in vitro impressions of
NobelActive implants. (J Prosthet Dent 2015;113:425-431)
Traditionally, both an open
tray technique and a closed
tray technique have been used
to make implant impressions.
In the open tray technique,
impression copings remain in
the impression while it is
removed from the mouth.
Conversely, in the closed tray
technique, copings remain in
the mouth after the impression
is removed and are transferred
to the impression in a second
step. Many studies have
compared the accuracy of open
and closed tray impression
techniques. Some studies
found no difference between
the two,2-6 some favored the
open tray technique,7-14 and
others found more accurate
impressions with the closed
technique.15-17
For the open tray impression technique, several studies
have compared the accuracy of splinted and nonsplinted
impression copings. While some studies reported no dif-
ference between the 2 techniques,2,7,9,15,18,19 the majority
favored the splinted technique,3,4,12,20-26 and only 2
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studies found more accurate impressions with the non-
splinted technique.11,27
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Clinical Implications
The results of this study suggest that clinicians
may use either impression technique with the
NobelActive implant system without compromising
impression accuracy.

426 Volume 113 Issue 5
and the accuracy of the die material.1 While unfavor-
able angulation can be corrected with the restoration,
the lack of parallelism in implants and the presence of
undercuts creates an undesirable path of placement
that may distort the impression material upon removal
and may produce an inaccurate master cast, especially
when multiple implants are used.28 Many studies found
that increasing the divergence or convergence of
implants had detrimental effects on impression accu-
racy.8,12,25,26 However, some studies found no differ-
ences between the impression accuracy of different
implant angulations.5,10

Implant connection type is another factor that may
affect impression accuracy. Several studies have dis-
cussed the effect of internal trilobe versus external
hexagonal connections on impression accuracy.23,29-31

The NobelActive system (Nobel Biocare) is a relatively
new implant system and features an internal Morse taper
conical connection with an antirotational hexagon at its
base with built-in platform switching. This connection
provides an intimate fit between the prosthetic compo-
nents and the implant, but clinical experience and per-
sonal communications with prosthodontists suggests
that assessing the complete seating of restorative com-
ponents is often difficult with this system.

The purpose of this study was to evaluate impressions
made of NobelActive implants placed at various angu-
lations. The null hypothesis was that no significant
discrepancy would be found in impressions whether a
closed or an open tray impression technique was used.

MATERIAL AND METHODS

A prefabricated rubber model former (S6OU-1; Columbia
Dentoform Corp) of an average edentulous maxillary
arch was used to fabricate the master cast. The model
former was lubricated with petroleum jelly (Vaseline;
Equate Nursery Jelly), and molten baseplate wax (Tru-
Wax; Dentsply Prosthetics) was flowed into the model
former and allowed to harden. The wax model was
invested and flasked, boiled out, and packed with heat-
polymerized acrylic resin (Lucitone 199 Original shade;
Dentsply Prosthetics).

The master cast was held in a vertical milling machine
(Ferraro Engineering), and holes matching the depth,
diameter, and angulation of the implants were prepared.
A protractor was used to align the cutting instrument
THE JOURNAL OF PROSTHETIC DENTISTRY
in the proper angulation by tilting the milling machine
table, and a 4-mm twist drill (Ferraro Engineering) was
used to prepare the holes (4×13 mm).

A preliminary study was conducted to test various
implant angulation combinations in the anterior and
posterior areas. A divergence of 30 degrees was the
maximum angle that still allowed for the successful
removal of the impression tray in a manner consistent
with clinical practice (posterior to anterior). As such, 6
implants were placed in the master cast (NobelActive,
regular platform, 4.3 × 13 mm; Nobel Biocare USA) and
arranged as follows from posterior to anterior: 0 degrees
of angulation to a line drawn perpendicular to the
occlusal plane in the first molar region, 15 degrees of
angulation to a line drawn perpendicular to the occlusal
plane in the first premolar region, and 30 degrees of
angulation to a line drawn perpendicular to the occlusal
plane in the lateral incisor region. The implants were
numbered as follows: implant 1 in the right first molar
site, implant 2 in the right first premolar site, implant 3 in
the right lateral incisor site, implant 4 in the left lateral
incisor site, implant 5 in the left first premolar site, and
implant 6 in the left first molar site (Fig. 1). Four indices
were placed in the master cast. Each index was cross-
shaped and was made by intersecting two 2-mm deep
and 4-mm long grooves cut with a 2-mm bur (Ferraro
Engineering). One index was placed in the mid-palatal
area of the master cast; 1 index was placed on the right
buccal incline of the cast, halfway between implants 1
and 2 (Fig. 2); 1 index was placed on the labial incline of the
cast, halfway between implants 3 and 4; and the last index
was placed on the left buccal incline of the cast, halfway
between implants 5 and 6.

Three 4×4-mm notches were placed in the land area of
the master cast to help orient the custom trays during the
impression making procedure. Two thicknesses of base
plate wax (Tru Wax; Dentsply Prosthetics) were adapted
over the master cast. A 10-mm high, 15-mm wide roll of
baseplate wax was adapted over the ridge area of the
master cast. An alginate impression (Jeltrate Fast Set;
Dentsply) was made of the master cast with adapted wax
and poured in Type V dental stone (DieKeen; Heraeus
Kulzer Inc). The stonewas flowed into the impression on a
vibrator (Whip Mix Corp) to minimize the entrapment of
air bubbles and allowed to set for 45minutes. The resulting
cast was used to fabricate the custom trays.

To determine the sample size, a power analysis was
performed using the results from a previous similar study
by Kempler et al.32 For tray type, using 2-way ANOVA
with a large effect size of 0.40, an n of 12 in each group,
P� .05, and a 2-tail test, the power was equal to 0.76. For
angulation, using 2-way ANOVA with an effect size of
.43, an n of 12 in each group, P�.05, and a 2-tail test, the
power was equal to .98. For the interaction between
angulation and tray type, using 2-way ANOVA with an
Alexander Hazboun et al



Figure 1. Implant angulation in master cast. During impression making,
each custom tray was completely seated into each notch (circled in blue).
Palatal index (circled in red) was used as reference point for
measurements.

Figure 2. Right buccal index. During impression making, each custom
tray was completely seated into each notch (circled in blue). Buccal index
(circled in red) was used as reference point for measurements.
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effect size of .29, an n of 12 in each group, P�.05, and a
2-tail test, the power was equal to .79; thus an n of 12
was chosen for this study.

Twenty-four custom trays were made, 12 for open
tray and 12 for closed tray impressions. The trays were
made from a visible light-polymerizing material (Triad
TruTray; Dentsply). The custom open tray was prepared
with three 10×5-mm windows to accommodate the open
tray impression copings.

Open and closed tray impression copings (NobelActive,
RP; Nobel Biocare) were used. The impression copings
were seated on the implants in the master cast and were
hand tightened with a driver (Unigrip; Nobel Biocare).
The open tray copings were splinted with dental floss
(Reach Waxed; Johnson and Johnson Personal Products)
and pattern resin (GC America). The pattern resin splint
was sectioned, and the individual pieces were luted
together 15 minutes before impression making.

The custom trays were painted with adhesive
(3M ESPE) using disposable plastic brushes (Bendabrush;
Centrix) and allowed to dry for 15 minutes. The custom
trays were loaded with polyether impression material
(PE, Impregum Penta Soft; 3M ESPE) and seated on the
master cast, making sure each tray engaged the 3 grooves
placed in the master cast. Immediately after seating the
loaded tray on the cast, any excess impression material
was wiped off to verify the complete seating of each
tray into the 3 grooves. The impression material was
allowed to set for 7 minutes, as recommended by the
manufacturer.

Open tray impression copings were loosened with a
driver, and the tray was separated from the master cast in
a posterior to anterior direction to simulate clinical
practice. The guide pins were connected to implant an-
alogs and hand tightened. Closed tray impression cop-
ings were kept on the master cast after the impression
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was removed, again from posterior to anterior. The
impression copings were removed one at a time from the
master cast and attached to implant analogs. The com-
bined impression coping-analog units were inserted into
the impression by pushing them firmly into place. Im-
pressions were poured in high strength low expansion
die stone (Silky-Rock; Whip Mix Corp). After the stone
had been allowed to set for 1 hour, the casts were
separated from the impressions, trimmed, and labeled in
preparation for measurements. All procedures were
completed by the same operator.

Standardized photography was used to assess
displacement in implant position as described by Kem-
pler et al32 and other investigators.33-35 The equipment
included a digital camera (Canon EOS T2i, Digital AF/AE
SLR; Canon) with a 100-mm macro lens (EF 100 mm f2.8
Marco USM; Canon) and ring flash (Macro Ring Lite
MR-14EX; Canon), and a camera holder (Majestic 6504
Professional Quicklift Tripod; Bencher Inc). The photo-
graphs were obtained with a constant focal distance (0.91
m) and under the same standard light source. One at a
time, the master cast and the 24 duplicate casts were
photographed. In each view, a 1-mm ruler scale was
visible to aid in making measurements. Putty matrices
(Extrude XP Putty; Pearson Dental) and a Type III dental
stone base (Keystone Pro) were used to orient each cast
in the same position for photographing. Occlusal, frontal,
and lateral photographs were obtained, transferred to a
personal computer (MacBook Pro; Apple Inc), and saved
in Joint Photographic Experts Group (JPEG) format.

Each photograph was analyzed with software (Pho-
toshop CS4; Adobe). A photograph of a millimeter ruler
was used to calibrate and convert pixels to micrometers
in each photo. An occlusal view was obtained to measure
the horizontal discrepancy (Fig. 3). The center of each
implant and implant analog was determined by the
intersection of 3 lines of equal length. The center of each
THE JOURNAL OF PROSTHETIC DENTISTRY



Figure 3. Occlusal view measurement. Distance between center of each
implant and center of each palatal index was recorded.

Figure 4. Lateral view measurements. Distance between top of line
drawn parallel to each guide pin and line drawn parallel to top of each
lateral index was measured.

Figure 5. Frontal view measurements. Distance between top of line
drawn parallel to each guide pin and line drawn parallel to top of each
frontal index was measured.

428 Volume 113 Issue 5
palatal index was determined by the intersection of the 2
diagonal lines of the square formed in the central part of
the index. The distance between the center of each
implant and the center of each palatal index was recor-
ded. The measurements obtained from each duplicate
cast were subtracted from the measurements obtained
from the master cast. The absolute value in micrometers
was recorded.

Two lateral views (one of implants 1, 2, and 3, and
one of implants 4, 5, and 6) and 2 frontal views (one of
implants 1, 3, 4, and 6, and one of implants 2 and 5)
were obtained (Figs. 4, 5). The images were used to
measure the vertical discrepancy in micrometers and in
degrees. Guide pins were placed to aid in making
measurements. The distance between the top of a line
drawn parallel to each guide pin and a line drawn
parallel to the top of each lateral index was measured.
The measurements obtained from each duplicate cast
were subtracted from the measurements obtained
from the master cast. The absolute value in micrometers
was recorded. In addition, the angle between a line
drawn parallel to each guide pin and a line drawn
parallel to the top of each lateral index was measured.
The measurements obtained from each duplicate cast
were subtracted from the measurements obtained from
the master cast. The absolute value in degrees was
recorded.

A post hoc study was completed to estimate error in
the measurement protocol. Each type of measurement
(occlusal, lateral, and frontal) was made a total of 10
times on the respective photographs of the master cast.
Thirty measurements were recorded in micrometers, and
20 measurements were recorded in degrees. The means,
standard deviations, and standard errors were calculated
for each of the post hoc test measurements.

A factorial analysis of variance (2-way ANOVA) and
the Tukey Honestly Significant Different (HSD) test were
used to analyze the data (a=.05). Results were reported
as a mean (SD).
THE JOURNAL OF PROSTHETIC DENTISTRY
RESULTS

The statistical analysis of the data obtained in this study
revealed no significant differences between closed and
open tray impression techniques. The mean difference
(standard deviation) in linear displacement in casts made
with an open tray impression technique was 24 (19) mm.
The mean difference in linear displacement in casts made
with a closed tray impression technique was 23 (21) mm.
The difference was not statistically significant (F=0.93,
P=.34; Table 1).

No significant differences were found among im-
plants placed at 0, 15, and 30 degrees of angulation to a
line drawn perpendicular to the occlusal plane. The mean
difference (standard deviation) in the linear displacement
of implants placed at 0 degrees of angulation was 27 (25)
mm. The mean difference in linear displacement of im-
plants placed at 15 degrees of angulation was 22 (18) mm.
The mean difference in linear displacement of implants
placed at 30 degrees of angulation was 22 (16) mm. None
of the differences were statistically significant (F=2.72,
P=.07; Table 1).
Alexander Hazboun et al



Table 2. Summary of results for the discrepancy (degrees)

Source df N Mean SD SE F P

Impression technique 1 2.09 .15

Open 144 0.65 0.50 0.04

Closed 144 0.74 0.55 0.05

Implant angulation 2 0.86 .43

0 degrees 96 0.67 0.48 0.05

15 degrees 96 0.75 0.59 0.06

30 degrees 96 0.67 0.51 0.05

Interaction 2 1.60 .20

Table 3. Post hoc test of error in measurement protocol (mm and
degrees)

Measurement Mean
Standard
Deviation

SD as %
of Mean

Standard
Error

SE as %
of Mean

Occlusal view
(mm)

2435 9.2 <1% 2.9 <1%

Lateral view
(mm)

1698 4.6 <1% 1.5 <1%

Lateral view
(degrees)

92.33 0.16 <1% 0.05 <1%

Frontal view
(mm)

1624 6.8 <1% 2.1 <1%

Frontal View
(degrees)

106.5 0.25 <1% 0.08 <1%

Table 1. Summary of results for discrepancy (mm)

Source df N Mean SD SE F P

Impression technique 1 0.93 .34

Open 216 24 19 <1

Closed 216 23 21 <1

Implant angulation 2 2.72 .07

0 degrees 144 27 25 <2

15 degrees 144 22 18 <2

30 degrees 144 22 16 <1

Interaction 2 0.25 .77
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No significant interaction was found between
impression technique or implant angulation (F=0.26,
P=.77; Table 1).

In addition, no significant difference was found be-
tween closed and open tray impression techniques. The
mean difference (standard deviation) in angular dis-
placement in casts made with an open tray impression
technique was 0.65 (0.50) degrees. The mean difference
(standard deviation) in angular displacement in casts
made with a closed tray impression technique was 0.74
(0.53) degrees. The difference was not statistically sig-
nificant (F= 2.09, P=.15; Table 2, Fig. 2).

Statistical analysis of the data obtained in this study
reveals no significant difference among implants placed
at 0, 15, and 30 degrees of angulation to a line drawn
perpendicular to the occlusal plane. The mean difference
(standard deviation) in angular displacement of implants
placed at 0 degrees of angulation was 0.67 (0.48) degrees.
The mean difference (standard deviation) in angular
displacement of implants placed at 15 degrees of angu-
lation was 0.75 (0.59) degrees. The mean difference
(standard deviation) in angular displacement of implants
placed at 30 degrees of angulation was 0.67 (0.51) de-
grees. None of the differences were statistically signifi-
cant (F=0.86, P=.43; Table 2).

The data obtained in this study reveals no interaction
between impression technique and implant angulation
when measured in degrees (F=1.60, P=.20; Table 2).

Since the standard deviations of both the micrometer
and degree measurements were large, a post hoc study
was completed to estimate investigator error in the
measurement protocol. Each type of measurement
(occlusal, lateral, and frontal) was made a total of 10
times on the respective photographs of the master cast.
Thirty measurements were recorded in micrometers, and
a total of 20 measurements were recorded in degrees.

To analyze the estimate of error in the measurement
technique, the means, standard deviations, and standard
errors were calculated for each of the post hoc test
measurements. The standard deviation of the measure-
ments was found to be 9.2 mm, with a standard error of
2.9 mm. The same procedure was performed for the
lateral view measurements. The standard deviation was
Alexander Hazboun et al
4.6 mm with a standard error of 1.5 mm and 0.16 degrees
with a standard error of 0.05 degrees. For the frontal view
measurements the standard deviation was 6.8 mm with a
standard error of 2.1 mm and 0.25 degrees with a stan-
dard error of 0.08 degrees (Table 3).

DISCUSSION

The results of this study support the null hypotheses. No
significant difference in discrepancy was found between
the use of an open or closed tray impression technique
(measured in micrometers or degrees); no significant
difference in impression discrepancy was found among
implants placed at 0, 15, or 30 degrees of angulation to a
line drawn perpendicular to the cast (when measured in
micrometers or degrees); and no significant interaction
was found between the impression technique and the
implant angulation (when measured in micrometers or
degrees).

These results are in agreement with several studies
showing no difference between the open and closed tray
impression techniques.2-6 However, the results are in
disagreement with studies showing that the open tray
technique is more accurate than the closed tray tech-
nique7-14 and studies showing that the closed tray tech-
nique is more accurate than the open tray technique.15-17

None of these studies used NobelActive implants,
therefore direct comparisons cannot be made.

With respect to implant angulation and impression
accuracy, Carr in 199210 and Conrad et al in 20075 found
THE JOURNAL OF PROSTHETIC DENTISTRY
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no difference in impression accuracy of implants
placed at various angulations, as did this study. In
contrast, Assunção et al in 200412 and in 200825 and
Filho et al in 200826 determined that increasing diver-
gence or convergence of implants had a negative effect
on impression accuracy. However, all of the above-
mentioned studies used diverse combinations of
implant angulations and different materials and
methods, which makes them difficult to compare.
Indeed, there are unlimited clinical combinations of
implant angulations and all cannot be tested in a single
study. The purpose of this study was to test the best case
scenario and as such, a slight premolar angulation was
selected. In clinical situations with excessive implant
angulations, an open tray impression technique may be
indicated for easy removal of the tray.

While this study found no significant difference be-
tween implants at 0, 15, and 30 degrees of angulation,
the effect of implant angulation approached significance.
Implants placed at 0 degrees of angulation to a line
drawn perpendicular to the cast showed more displace-
ment than implants placed at 15 or 30 degrees. This
difference may be due to the way in which the impres-
sions were removed from the cast. After the impression
material was completely set, the impressions were
removed in a posterior to anterior direction, simulating
the clinical method of removal of an intraoral impression.
While the implants placed at 0 degrees of angulation
were perpendicular to the cast, the path of withdrawal of
the impression was not purely vertical. As a result, the
0 degree implants were not parallel to the arc of with-
drawal. The increased displacement of impression ma-
terial could account for the difference in displacement
between the implants placed at 0 degrees compared with
those placed at 15 and 30 degrees.

Some authors considered misfit under 10 mm clinically
acceptable.36 Riedy et al37 used a difference of 25 mm as a
measure of clinical significance, as the human optical
sensors may encounter difficulty with precise measure-
ments less than 50 mm. Klineberg et al38 suggested a
discrepancy greater than 30 mm over more than 10% of
the circumference of the abutment interface was unac-
ceptable. Finally, Jemt in 199139 suggested misfits less
than 150 mm were acceptable. Considering that the range
of prosthesis misfit considered acceptable is between 10
and 150 mm, the mean discrepancy [SD] found in this
study (22 [16] to 27 [25] mm), when measured in mi-
crometers, falls within that range.

This study did not find a significant interaction be-
tween impression technique and implant angulation.
These findings are in agreement with those of Conrad
et al,5 who looked at the number of implants, implant
angulation, and impression technique. Among other
things, they found no significant interaction between
implant angulation and impression technique.
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The number of implants in an arch could affect the
accuracy of the impression procedure. Most of the
available literature tested up to 3 implants per master
cast. With fewer implants, the effect of the angulation of
each implant could be minimized by the elastic recovery
of the impression material. The number of implants in
this study was increased to 6, and implants were placed
at different angles in the same cast (0, 15, and 30 degrees
of angulation). This simulates a common clinical situa-
tion. The interpretation of results, however, is con-
strained by the design. Conclusions can only be drawn to
arches with 6 NobelActive implants and may not be
relevant for impressions with more or fewer implants or
impressions of different systems.

Most previous studies measured the linear discrep-
ancy between the definitive cast and the experimental
model at the connection level. Although the machining
tolerance was not measured separately in these studies, a
significant amount of discrepancy is thought to have
originated from the machining tolerance.24,40-42 When
interpreting the results of studies investigating implant
impression accuracy, the machining tolerance should be
considered as a factor.41 Brand new analogs, impression
copings, and actual implants were used for this study.
This minimized the degree of misfit between implant
components.

A limitation of the current study lies in the mea-
surement protocol. Although no specific method has
been proven superior, the measurement of distortion is
greatly influenced by the experimental methods and
operator reliability.42 Barrett et al9 used absolute distor-
tion analysis, wherein the points of reference were kept
outside of the distorting medium. The points of reference
in the present study were the cross marks created in the
master cast. The impression included these reference
points, placing them inside the distorting medium. The
distortion analysis was therefore relative and not abso-
lute. However, all of the measurements were performed
by a single operator to avoid variability in measurements
due to a lack of interoperator reliability.

Indeed, the standard error for measurements recor-
ded in micrometers ranged from 1 to 2 mm, and the
standard error for measurements recorded in degrees
ranged from 0.04 to 0.06 degrees, both of which are
minimal and well within the range of acceptable standard
errors. The mean differences, as well as their associated
standard deviations reported in this study, are in the
range of the machining tolerance of NobelActive
components.

Furthermore, the calculated standard deviation of post
hoc test measurements recorded in micrometers ranged
from 4.6 to 9.2 mm, or less than 1% of the mean, with a
standard error of 1.5 to 2.9 mm, also less than 1% of the
mean, and the standard deviation of post hoc test mea-
surements recorded in degrees ranged from 0.16 to 0.25
Alexander Hazboun et al
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degrees, or less than 1%of themean, with a standard error
of 0.05 to 0.08 degrees, also less than 1% of the mean. As
such, the large standard deviation is more likely attribut-
able to other sources of error such as the dimensional
change of the impression materials and stone used to
fabricate the casts and the discrepancy in the machining
tolerance of the implant components used.

Additional limitations such as the absence of saliva
and patient movement, difficulties encountered when
seating and removing impression trays in vivo not found
in vitro, and the fact that the results are only valid for the
implant diameter and angulation studied must be taken
into consideration.

CONCLUSION

Within the limitations of this study, impression technique
(open versus closed tray) and implant angulation (0, 15,
and 30 degrees to a line drawn perpendicular to the cast)
did not significantly affect the in vitro impressions made
of NobelActive implants.
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