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A b s t r ac t
Purpose: The purpose of the present study was the comparative evaluation of the positional accuracy of different types of splinting materials
used in implant impressions with the open tray technique.
Materials and methods: A clear heat cure acrylic resin mandibular master reference model was used with four implants in positions A, B, D, and
E. Open tray direct impression copings were fastened to the implants and splinted using different materials: bite registration paste, composite
resin, pattern resin bars, and photopolymerized resin. One-step putty wash impression was made in a custom-made open tray, and the cast was
poured. Healing abutments were attached to the implants in master reference model and to the lab analogs in sample casts and analyzed using
a coordinate measuring machine (CMM) for comparison. Descriptive statistics were done. Shapiro–Wilk test was done to check the normality,
followed by parametric tests for comparisons. Intergroup comparison was performed using one-way analysis of variance (ANOVA), after which
pair-wise comparison was made using Games-Howell post-hoc test.
Results: Open tray impression copings splinted with materials of all four groups showed minimal variation in positions of multiple implants.
Photopolymerized acrylic resin showed the least deviation from a master model for three-dimensional (3D) distance between implants
1 and 2 (3D_1_2), with a mean difference of 0.058 (p = 0.629); and also, between implants 1 and 4 viz 3D_1_4, the difference was least for
photopolymerized resin to be 0.007 (p = 0.993). For distance 3D_1_3, there was least deviation of 0.102 (p = 0.001) for bite registration paste.
Thus, photopolymerized resin followed by bite registration paste and nanocomposite resin performed comparable to and better than pattern
resin blocks in the present study.
Conclusion: Photopolymerized resin can be considered a promising and effective splinting material, saving clinical time and enhancing patient
acceptance. It also eliminates the need for splinting, sectioning, and resplinting necessary in conventionally used pattern resin techniques.
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Introduction

1–4

Edentulism can be a difficult and challenging phase for the patient
after the loss of natural teeth, which at times can be associated with
discomfort and aggravated by psychological stress. Conventionally,
such patients may be treated with removable denture prostheses.
The ideal goal of modern dentistry is to restore the patient to
normal contour, function, comfort, esthetics, speech, and health
can be achieved by implant dentistry regardless of the atrophy,
disease, or injury of the stomatognathic system. The perception
of one’s oral health also seems to be improved by dental implants,
apart from an improvement in chewing function, speech, and even
social contacts.1,2
The absence of periodontal ligament in dental implants is not
able to compensate for even minor misfits of the superstructure
because of the lack of periodontal ligament. 3 The permissible
movement for natural dentition within its periodontal ligament
is about 100 µm; in case of possible misfit or occlusal prematurity,
the osseointegrated implant, however, has a limited range of only
10 µm.4 Therefore, it becomes one of the essential elements in
implant prosthodontics to precisely transfer the intraoral dental
implant positions, using accurate implant impression techniques,
to the laboratory in order to fabricate an accurate prosthesis
framework.
The unique nature of the implant-bone relationship implies that
even a slight misfit of the superstructure causes an accumulation of
preload and loading stresses in the implant-supported restorative

complex, ultimately resulting in the promotion of marginal bone
loss, loss of osseointegration, and finally, failure of implants. There
is also an increase in mechanical problems, such as the loosening
of screws and fatigue fractures of implant components. 5 Apart
from such mechanical complications, an ill-fitting superstructure
resulting from an inaccurate impression can also lead to biological
complications such as increased plaque accumulation which can be
attributed to unfavorable soft and hard tissue reactions to the misfit
prosthesis. Thus, in order to ensure the long-term clinical success of
implant prosthesis, recording the implant position accurately during
the impression procedure is of utmost importance.6
Studies have advocated that use of the open tray pick-up (direct)
technique is more precise and predictable than the closed tray
technique using repositionable copings.7 The open-tray technique
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can be further subdivided into splinted and nonsplinted techniques.
The splinting technique can be dated back to 1985 when Branemark
et al.8 emphasized the importance of splinting the transfer copings
together, especially in the case of multiple implants (n > 3), to
decrease the amount of distortion and to improve impression
accuracy and implant stability. The results obtained after splinting
multiple implants many times are inconsistent with limited literature
to support the claims of accuracy of different impression techniques
as well as splinting materials.3,5,6 Literature shows various studies
about the accuracy of different splinting materials; however, there
are not many studies comparing one type of splinting material to
other. Thus, we conducted this study to compare different types
of splinting material with another.

M at e r ia l s

and

Methods

In this in vitro study, four different types of dental materials
used for splinting viz bite registration addition silicone, flowable
composite resin, light polymerizing acrylic resin (tray material), and
pattern resin bars were compared for accuracy. This in vitro study
was carried out in the Department of Prosthodontics, Government
Dental College and Hospital, Ahmedabad, Gujarat, India.

Fabrication of Master Model
A clear heat cure acrylic resin (Heat Cure Clear Acrylic, Pyrax
Polymers, Roorkee, Uttarakhand, India) edentulous mandibular
master model was fabricated for the study. Four implants of
dimension 4.0 mm × 10.0 mm (SuperLine Implants, Mfd. Dentium
Co. Ltd. Gyeonggi-do, Seoul, Republic of Korea) were placed in
the interforaminal region corresponding to sites A, B, D, and E
(Fig. 1). Here, implant number 1 denotes implant position E, implant
number 2 denotes implant position D, implant number 3 denotes
implant position B, and implant number 4 denotes implant
position A, according to Carl Misch’s classification of mandibular
overdenture.9

in the wax spacer in the molar region bilaterally. A putty mold was
created over this spacer to ensure uniform thickness of the tray
material. Cold cure acrylic resin (Coltocure, Coltene Whaledent
Pvt. Ltd., Mumbai, Maharashtra, India) was mixed in a porcelain
jar as recommended and adapted over the duplicated model with
spacer using the putty index to ensure uniform thickness of the tray,
and its handle was fabricated. The tray was finished and polished
in a routine manner. Four perforations were made in the anterior
region corresponding to the implant positions to allow access for
impression copings (Fig. 2).

Impression Procedure
The impression copings were fastened to the implants with the help
of a torque wrench. The attachment was verified radiographically
to rule out any movement of the coping due to misfit. Tray adhesive
was applied 15 minutes prior to impression making as per the
manufacturer’s instructions. Addition silicone impression material
(Flexceed, GC Corporation, Tokyo, Japan) with putty consistency
was manipulated with the catalyst and loaded into the impression
tray. Light body consistency was auto-mixed using a dispensing
gun and loaded around the implant-impression copings. Open tray
impressions were made using the splinting technique as mentioned
below for each group:
•
•
•
•

Group A: Bite registration addition silicone material (Jet Bite,
Coltene Whaledent Pvt. Ltd., Mumbai, Maharashtra, India) (Fig. 3).
Group B: Light cure flowable composite resin (Tetric N-Flow,
Ivoclar Vivadent AG, Schaan, Vaduz, Liechtenstein) (Fig. 4).
Group C: Prefabricated bars of pattern resin material (Pattern
Resin LS, GC Corporation, Tokyo, Japan) (Fig. 5).
Group D: Light/photo-polymerizing acrylic resin material
(Individo Lux, VOCO GmbH, Cuxhaven, Germany) (Fig. 6).

Fabrication and Analysis of Cast

The master model with four implants was duplicated in type IV
die stone (Pearlstone, Asian Chemicals, Rajkot, Gujarat, India) to
obtain a working cast. Wax spacer was adapted over the duplicate
gypsum master model in such a manner that there was four-sheet
wax thickness over the implant region and two-sheet wax thickness
over the posterior edentulous region. Two tissue stops were made

Implant analogs were attached to the open tray impression copings
(Fig. 7), and the impression was poured into a type IV dental stone
(uni-base 300, Model Plaster, type IV, Dentona AG, Dortmund,
Germany). The stone was mixed as per the manufacturer’s
recommendation by hand for 15 seconds to incorporate water,
followed by mechanical mixing under vacuum for 30 seconds
with a vacuum mixer machine. All mixes were vibrated into the
impression using a vibrator. The dental stone casts (Fig. 8) were
retrieved and allowed to dry at room temperature for 24 hours

Fig. 1: Master model

Fig. 2: Custom open tray fabricated

Fabrication of Custom Tray
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Figs 3A to C: Splinting technique for group A

Figs 4A to C: Splinting technique for group B

Figs 5A to C: Splinting technique for group C

Figs 6A and B: Splinting technique for group D

Figs 7A and B: Impression made using addition silicone putty and
light body material with analogs attached

before commencing measurements to make sure that they had
reached their optimal mechanical properties. Healing abutments
of dimension 4.5 mm × 3.0 mm (SuperLine Implants, Mfd. Dentium
Co. Ltd. Gyeonggi-do, Seoul, Republic of Korea were attached to
the implant analogs before analysis with an implant hex driver
(Dentium SuperLine, Mfd. Dentium Co. Ltd. Gyeonggi-do, Seoul,
Republic of Korea).

All the samples were analyzed in 3D (Fig. 9) using a computerized
CMM (Contura G2 7/7/6 RDS, Carl Zeiss AG, Jena, Germany) (Fig. 10)
with an accuracy of 0.0005 mm. The same experienced operator
performed all the measurements. The origin of the planes was
placed at the center of abutment 1, and it was considered the
reference point for further measurements. The planar surface from
this point was regarded as XY. Three points in the XZ plane were

18
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Fig. 8: Definitive casts poured for each group

Figs 9A to C: Analysis in X, Y, and Z axes

The distance in 3D from the reference point was calculated
using the formula:
d(3D) = √[d(X)2 + d(Y)2 + d(Z)2]
The center of all four implants was determined using CMM,
after which interimplant distances were calculated in all samples
of the four groups. The readings from the master model served as
the baseline data. A specialized CMM software program (Calypso
User Desk–Carl Zeiss AG, Jena, Germany) was used for geometric
transformation and data processing (Fig. 11). The impression
accuracy was examined by comparing the absolute differences of
the three distances between the centroids of the four implants from
the casts produced and the distances measured at the reference
master model.

Statistical Analysis
Fig. 10: Measurement done using CMM

marked, which were perpendicular to the XY plane. Thus, the center
of analog 1 was laid on the origin (0,0,0). The CMM determined the
center of each abutment by contacting its outer diameter at several
points. The measurements of different analogs were made via the
center of corresponding abutments using CMM relative to the fixed
reference point/origin.

All data obtained were fed into a computer using a coding system
and proofed for entry errors. Data obtained was compiled on MS
Office Excel Sheet (v 2019, Microsoft Redmond Campus, Redmond,
Washington, United States). Data were subjected to statistical
analysis using Statistical Package for the Social Sciences (v 26.0,
IBM). Descriptive statistics like mean and standard deviation (SD)
for numerical data have been depicted. The normality of numerical
data was checked using Shapiro–Wilk test, and it was found that
the data followed a normal curve; hence parametric tests have
been used for comparisons. Intergroup comparison (greater
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than two groups) was made using one-way ANOVA followed by
pair-wise comparison using the Games-Howell post-hoc test. For
all the statistical tests, p < 0.05 was considered to be statistically
significant, keeping α error at 5% and β error at 20%, thus giving
power to the study as 80%.

R e s u lts
The measurements made using CMM as specified showed the
following results for mean interimplant distances of different
groups.
Table 1 shows the distance between different implants in
3 dimensions for all groups in comparison to the master model
(e.g., 3D_1_2). There is an increase in distance between implants
1 and 2 for all groups except group D, which showed a decrease
in distance between the two implants. Also, there is an increase in
distance between implants 1 and 3 (3D_1_3) for all groups except
group A, which showed a decrease in distance between the two
implants. There is a decrease in distance between implants 1 and 4

Fig. 11: Calypso User Desk software for geometric transformation and
data processing

(3D_1_4) for all groups except group B, which showed an increase
in distance between the two implants (Fig. 12).
Table 2 shows the differences in mean for interimplant distances
for implants 1_2. The highest level for the difference in means
was found in the mesiodistal direction (X_1_2) for group B, which
was −0.101 ± 0.007 mm, anteroposteriorly (Y_1_2), it was in group
C −0.397 ± 0.012 mm, and superoinferiorly (Z_1_2), maximum
deviation seen was in group A to be 0.802 ± 0.001 mm (Fig. 13).
Table 3 shows the differences in mean for interimplant distances
for implants 1_3. The highest level for the difference in means
was found in the mesiodistal direction (X_1_3) for group D, which
was 0.1175 ± 0.0026 mm, anteroposteriorly (Y_1_3), it was highest in
group C −0.861 mm ± 0.001, and superoinferiorly (Z_1_3), maximum
deviation seen was in group C to be −1.353 ± 0.002 mm (Fig. 14).
Table 4 shows the differences in mean for interimplant distances
for implants 1_4. The highest level for the difference in means
was found in the mesiodistal direction (X_1_4) for group B, which
was −0.107 ± 0.005 mm, anteroposteriorly (Y_1_4), it was in group

Fig. 12: Interimplant distances in different groups relative to master
model

Table 1: Comparison of positional accuracy of different implants with master model
Interimplant distance

Group

Mean

SD

F

p-value

3D_1_2

Master model
Group A
Group B
Group C
Group D
Master model
Group A
Group B
Group C
Group D
Master model
Group A
Group B
Group C

11.321
11.423
11.574
11.425
11.262
31.300
31.198
31.411
31.739
31.420
35.916
35.814
36.038
35.832

0
0.005
0.029
0.039
0.018
0
0.005
0.476
0.004
0.011
0
0.015
0.023
0.014

383.273

0.001*

13.663

0.001*

110.224

0.001*

Group D

35.909

0.017

3D_1_3

3D_1_4

*Statistically significant difference (p < 0.01)

20

International Journal of Prosthodontics & Restorative Dentistry, Volume 12 Issue 1 (January–March 2022)

Splinting Accuracy of Implant Impressions
Table 2: Differences in interimplant distance between implants 1 and 2 for the four groups in different axes
Interimplant distance in
different axes
X_1_2

Y_1_2

Z_1_2

Difference between
master model and
groups

Mean difference

Standard error

p-value

MM-A
MM-B
MM-C
MM-D
MM-A
MM-B
MM-C
MM-D
MM-A
MM-B
MM-C

−0.024
−0.101
0.097
0.044
−0.320
−0.101
−0.397
−0.074
0.802
−0.452
0.715

0.001
0.007
0.002
0.008
0.001
0.007
0.012
0.002
0.001
0.010
0.001

0.001*
0.001*
0.001*
0.001*
0.001*
0.001*
0.001*
0.001*
0.001*
0.001*
0.001*

MM-D

−0.102

0.005

0.001*

*Statistically significant difference (p < 0.01)

Table 3: Differences in interimplant distance between implants 1and 3 for the four groups in different axes
Interimplant distance in
different axes
X_1_3

Y_1_3

Z_1_3

Difference between
master model and
groups

Mean difference

Standard error

p-value

MM-A
MM-B
MM-C
MM-D
MM-A
MM-B
MM-C
MM-D
MM-A
MM-B
MM-C

0.070
−0.055
0.078
0.117
−0.154
−0.107
−0.861
−0.412
1.232
−0.173
−1.353

0.001
0.136
0.001
0.002
0.002
0.004
0.001
0.003
0.003
0.004
0.002

0.001*
0.994
0.001*
0.001*
0.001*
0.001*
0.001*
0.001*
0.001*
0.001*
0.001*

MM-D

−0.580

0.004

0.001*

*Statistically significant difference (p < 0.01)

Table 4: Differences in interimplant distance between implants 1 and 4 for the four groups in different axes
Interimplant distance in
different axes
X_1_4

Y_1_4

Z_1_4

Difference between
master model and
groups

Mean difference

Standard error

p-value

MM-A
MM-B
MM-C
MM-D
MM-A
MM-B
MM-C
MM-D
MM-A
MM-B
MM-C

0.067
−0.107
0.019
−0.024
−0.262
−0.117
−0.730
−0.557
0.729
−0.084
2.504

0.004
0.005
0.003
0.017
0.002
0.005
0.001
0.011
0.004
0.004
0.001

0.001*
0.001*
0.001*
0.629
0.001*
0.001*
0.001*
0.001*
0.001*
0.001*
0.001*

MM-D

1.056

0.013

0.001*

*Statistically significant difference (p < 0.01)
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C −0.730 mm ± 0.001, and superoinferiorly (Z_1_4), maximum
deviation seen was in group C to be 2.504 ± 0.001 mm (Fig. 15).
Table 5 shows the difference in means for 3D polar distance as
measured in different groups compared to the master model. It was
highest for group C between implants 1 and 3: −0.439 ± 0.001 mm and
least for group D between implants 1 and 4: 0.007 ± 0.017 mm (Fig. 16).

Discussion
An accurate impression is key to a passively fitting implant
prosthesis. The impression or replica must be so accurate that
the resulting master cast precisely duplicate the intraoral clinical
scenario. This study evaluates the effectiveness and accuracy of four
direct impression techniques using different splinting materials.
As most researchers indicate the supremacy of direct techniques
over indirect ones, producing less distortion than later ones, only
the former technique was studied in this research.10,11 As per the
studies conducted by Assif et al.,4 Cabral and Guedes,12 Vigolo
et al.,13 impressions made with splinting the impression copings

Fig. 14: Differences in mean of interimplant distance between implants
1 and 3

Fig. 13: Differences in mean of interimplant distance between implants
1 and 2

Fig. 15: Differences in mean of interimplant distance between implants
1 and 4

Table 5: Differences in the 3D interimplant distance between different implants for the four groups in different axes
Interimplant distance in
different axes
3D_1_2

3D_1_3

3D_1_4

Difference between
master model and
groups

Mean difference

Standard error

p-value

MM-A
MM-B
MM-C
MM-D
MM-A
MM-B
MM-C
MM-D
MM-A
MM-B
MM-C

−0.101
−0.252
−0.104
0.058
0.101
−0.111
−0.439
−0.120
0.102
−0.121
0.084

0.001
0.007
0.010
0.004
0.001
0.123
0.001
0.002
0.004
0.005
0.003

0.001*
0.001*
0.001*
0.629
0.001*
0.890
0.001*
0.001*
0.001*
0.001*
0.001*

MM-D

0.007

0.017

0.993

*Statistically significant difference (p < 0.01)
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Fig. 16: Differences in 3D interimplant distance between different
implants

showed more accuracy than the nonsplinting group. So, only
splinted techniques were evaluated in this study.
Conventionally, the acrylic-pattern resin has been routinely
used for splinting impression copings. Lee et al.,14 Papazoglou
et al.,15 in their study conclude that impressions made with splinting
the impression copings than section the splint and again splinting
the impression copings showed better accuracy than the impression
made with only splinting the impression copings while using a
pattern resin material. Ongül et al.16 used prefabricated acrylic
resin bars for splinting, resulting in better accuracy compared
to nonsplinted and splinting using light cure composite. These
attempts were made to overcome the polymerization shrinkage
of the resin. Numerous studies17–20 compare pattern resin versus
acrylic resin, pattern resin versus bite registration materials, and
pattern resin versus composite.
In the present study, different classes of dental materials are
compared, such as photopolymerized acrylic resin, prefabricated
pattern resin bars, flowable composites, and bite registration
material. In this in vitro study, emphasis was also laid on reducing
the time required for the splinting process so that further studies
can be replicated in vivo. Ibrahim and Ghuneim21 compared
splinting using composite resin and acrylic resin and concluded
that there was no significant difference. The direct transfer
impression technique ensures the high accuracy of transfer of
implant positions from the master cast to the laboratory cast
compared to the indirect transfer impression technique. 22 It is
reported that the shrinkage of the acrylic resin would create some
errors during the transfer procedure.
In recent years, the popularity of flowable composite and
polyvinylsiloxane bite registration material has increased as a
splinting material. These materials have been evaluated in the
present study, and the results are also promising. The flowable
composite material showed the least deviation for implant
distances: 1_2 and 1_3 on the X, Y, and Z axis. As the distance
increased (1_4), the results were more deviating and differed in
different axes. Composite splinting eliminates the tedious process
of mixing the monomer and polymer, which is used in conventional
techniques where the powder and liquid are mixed and applied
using the brush and bead technique. The former technique
becomes more user and patient-friendly due to reduced working
time apart from being accurate, as seen in the present study.

In this study, it was found that polyvinylsiloxane bite
registration material also showed promising results and can be
considered as an alternative to conventional splinting material
due to its good dimensional stabilities. Lastly, light polymerizing
acrylic resin has also been used as a splinting material in the present
study, the mechanical properties of which are an aid to be superior
to autopolymerized resins.23
Light polymerizing acrylic resin material showed the least
deviation in three dimensions overall relative to the master model.
Apart from the accuracy, it also has the advantage of saving precious
clinical time because of faster connection to impression copings,
excluding the need for floss as well, which is especially beneficial in
case of multiple implants where prolonged mouth opening during
impression procedures may add to patient discomfort. Besides
improved patient acceptance and tolerance, the uniformity of the
splinting material and the avoidance of intraoral resin monomer
promote the use of light polymerizing acrylic. The verification of
splinting accuracy can be done before impression making as well
as after cast fabrication to evaluate the accuracy of the cast. 24 The
disadvantages include possible problems of access for the light
polymerization unit, interference with the impression tray due to
the thicker layer of the resin surrounding the impression coping, an
inadequate adaptation of the light-polymerizing resin to the coping,
incomplete polymerization of the material, and an inability to fully
avoid the use of autopolymerized acrylic resin.
Dimensional changes can occur in any direction. To study the
magnitude of an error occurring in 3D, the interimplant distances
were measured in the X, Y, and Z axes. All casts were measured
using a CMM that was accurate to within 5 μm. Distortion can
be measured as either absolute or relative. In absolute distortion
analysis, an external reference point is used, while in relative
distortion analysis, one implant/abutment is used as a reference
for measuring distortion. Because the prosthesis connects all the
implants together, the amount of strain on the implants is related
to the relative positions of the implants to one another.25 Therefore,
relative distortion analysis was done in this study by measuring
the interimplant distances and angulations in reference to replica
no 1. 25 Although there was a statistically significant difference
between different splinting techniques, the values fell into the
clinically acceptable range for most of the samples in different
techniques. The linear discrepancy between the master cast and
the sample casts at the connection level has been reported to be
in the range of 0.6–136 μm based on the findings from various
studies. 26 Jemt 27 has suggested that misfits of smaller than
150 microns were clinically acceptable.
Open tray impression copings splinted using materials of all
four groups showed minimal variation in positions of multiple
implants. However, considering the clinically acceptable range of
implant prosthesis misfit to be 90–150 μm, it was observed that
all materials could be considered effective for accurate splinting.
These differences could be attributed to the rigidity of the splinting
material that was used to prevent the movement of copings in the
vertical direction during the connection of the implant replica to
the impression coping. The differences in this study were similar
to the findings of earlier studies.11,28 Photopolymerized acrylic
resin (tray material) showed the least deviation from the master
model in 3D, followed by bite registration addition silicone
and nanocomposite flowable resin. The results obtained are in
accordance with a study published by Saini et al.,29 who also found
better results with the photopolymerized resin used as splinting
material.
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The limitations of the study were that the present study
was an in vitro study conducted at room temperature and
pressure. The behavior of dental materials differs somewhat at
mouth temperature, and also different materials show different
variations in different axes. Considering the chances of errors
in all spatial relations, conclusions still need further validation.
Effect of disinfection, dry, and wet conditions on impression
procedures, and their transfer from dental operatory to the
laboratory, pouring techniques may influence the results. The
present study used implants in a nearly parallel situation, and all
the procedures were performed by a single operator to ensure
standardization. In clinical scenarios, implants are placed at
different angles. Further studies can be planned to evaluate
the accuracy of implant impressions using different splinting
materials by using angulated implants. Also, the accuracy of
different splinting materials may be compared by the use of
digital impression techniques.

C o n c lu s i o n
Photopolymerized resin can be considered for use as an effective
splinting material saving clinical time and enhancing patient
acceptance. It also eliminates the need for splinting, sectioning,
and resplinting necessary in conventionally used pattern resin
techniques.

Orcid
Meet A Dodia

https://orcid.org/0000-0001-6955-5408

References
1. Awad MA, Locker D, Korner-Bitensky N, et al. Measuring the effect of
intra-oral implant rehabilitation on health-related quality of life in a
randomized controlled clinical trial. J Dent Res 2000;79(9):1659–1663.
DOI: 10.1177/00220345000790090401
2. Heydecke G, Thomason JM, Lund JP, et al. The impact of conventional
and implant supported prostheses on social and sexual activities
in edentulous adults results from a randomized trial 2 months
after treatment. J Dent 2005;33(8):649– 657. DOI: 10.1016/j.
jdent.2005.01.003
3. Cordaro L, Ercoli C, Rossini C, et al. Retrospective evaluation of
complete-arch fixed partial dentures connecting teeth and implant
abutments in patients with normal and reduced periodontal
support. J Prosthet Dent 2005;94(4):313–320. DOI: 10.1016/j.
prosdent.2005.08.007
4. Assif D, Marshak B, Schmidt A. Accuracy of implant impression
techniques. Int J Oral Maxillofac Implants 1996;11(2):216–222.
PMID: 8666454.
5. Albrek t sson T, Jansson T, Lek ho lm U. Oss e ointe gr ate d
dental implants. Dent Clin Nor th Am 1986;30(1):151–174.
DOI: 10.1016/s0011-8532(22)02100-0
6. Lee H, So JS, Hochstedler JL, et al. The accuracy of implant impressions:
a systematic review. J Prosthet Dent 2008;100(4):285–291.
DOI: 10.1016/S0022-3913(08)60208-5
7. Burawi G, Houston F, Byrne D, et al. A comparison of the dimensional
accuracy of the splinted and unsplinted impression techniques for
the bone-lock implant system. J Prosthet Dent 1997;77(1):68–75.
DOI: 10.1016/s0022-3913(97)70209-9
8. Branemark PI, Zarb GA, Albrektsson T. Tissue-integrated prostheses:
Osseointegration in clinical dentistry. Chicago:Quintessence; 1985.
9. Misch CE. Available bone and dental implant treatment plans. Dental
Implant Prosthetics-E-Book. 2014 Jul 21:315.
10. Carr AB. A comparison of impression techniques for a five-implant
mandibular model. Int J Oral Maxillofac Implants 1991;6(4):448–455.
DOI: 10.1097/00008505-199200130-00017

24

11. Phillips KM, Nicholls JI, Tsun Ma, et al. The accuracy of three implant
impression techniques: a three-dimensional analysis. Int J Oral
Maxillofac Implants 1994;9(5):533–540.
12. Cabral LM, Guedes CG. Comparative analysis of 4 impression
techniques for implants. Implant Dent 2007;16(2):187–194.
DOI: 10.1097/ID.0b013e3180587b3f
13. Vigolo P, Fonzi F, Majzoub Z, et al. An evaluation of impression
techniques for multiple internal connec tion implant
prostheses. J Prosthet Dent 2004;92(5):470–476. DOI: 10.1016/j.
prosdent.2004.08.015
14. Lee HJ, Lim YJ, Kim CW, et al. Accuracy of a proposed implant
impression technique using abutments and metal framework. J Adv
Prosthodont 2010;2(1):25–31. DOI: 10.4047/jap.2010.2.1.25
15. Papazoglou E, Wee AG, Carr AB, et al. Accuracy of complete-arch
implant impression made with occlusal registration material. J Prosthet
Dent 2020;123(1):143–148. DOI: 10.1016/j.prosdent.2018.12.011
16. Ongül D, Gökçen-Röhlig B, Şermet B, et al. A comparative analysis of
the accuracy of different direct impression techniques for multiple
implants. Aust Dent J 2012;57(2):184–189. DOI: 10.1111/j.1834-78
19.2012.01685.x
17. Selvaraj S, Dorairaj J, Mohan J, et al. Comparison of implant cast
accuracy of multiple implant impression technique with different
splinting materials: an in vitro study. J Indian Prosthodont
Soc 2016;16(2):167–175. DOI: 10.4103/0972-4052.167937
18. Nateghi M, Negahdari R, Molaei S, et al. Comparison of the
accuracy of fixture-level implant impression making with
different splinting techniques. Int J Dent 2021;2021(2):2959055.
DOI: 10.1155/2021/2959055
19. Chaudhary NK, Gulati M, Pawah S, et al. An in vitro study to assess
the positional accuracy in multiple implants using different
splinting materials in open-tray impression technique. Indian J Dent
Sci 2021;13(2):108–117. DOI: 10.4103/IJDS.IJDS_202_20
20. Yasar MN, Cetinsahin C, Bayar O, et al. Implant impression techniques
using different materials and methods: a review. J Clin Diagn
Res 2022;16(2):ZE12–ZE17. DOI: 10.7860/JCDR/2022/53057.16014
21. Ibrahim TO, Ghuneim WA. Composite resin versus two different
splinting techniques on evaluation of impression accuracy for dental
implants. Life Sci J 2013;10(12s):1013–1018. ISSN: 1097-8135.
22. Balamurugan T, Manimaran P, Evaluation of accuracy of direct
transfer snapon impression coping closed tray impression
technique and direct transfer open tray impression technique:
an in vitro study. J Indian Prosthodont Soc 2013; 13(3):226–232.
DOI: 10.1007/s13191-012-0141-x
23. Khan SB, Geerts G. Determining the dimensional stability, fracture
toughness and flexural strength of light-cured acrylic resin custom
tray material. Eur J Prosthodont Restor Dent 2009;17(2):67–72.
PMID: 19645307.
24. Ercoli C, Geminiani A, Feng C, et al. The influence of verification jig on
framework fit for nonsegmented fixed implant-supported complete
denture. Clin Implant Dent Relat Res 2012;14 Suppl 1(s1):e188–e195.
DOI: 10.1111/j.1708-8208.2011.00425.x
25. Wee AG . Comparison of impression materials for direc t
multi-implant impressions. J Prosthet Dent 2000;83(2):323–331.
DOI: 10.1016/s0022-3913(00)70136-3
26. Baig MR. Multi-unit implant impression accuracy: a review of the
literature. Quintessence Int 2014;45(1):39–51. DOI: 10.3290/j.qi.a30769
27. Jemt T. Failures and complications in 391 consecutively inserted fixed
prostheses supported by Brånemark implants in edentulous jaws:
a study of treatment from the time of prosthesis placement to the
first annual checkup. Int J Oral Maxillofac Implants 1991;6(3):270–276.
PMID: 1813395.
28. C a r r A B . Co m p a r i s o n o f i m p r e s s i o n t e c h n i q u e s f o r a
two-implant 15-degree divergent model. Int J Oral Maxillofac
Implants 1992;7(4):468–475. PMID: 1820314.
29. Saini HS, Jain S, Kumar S, et al. Evaluating the effect of different
impression techniques and splinting methods on the dimensional
accuracy of multiple implant impressions: an in vitro study. J Contemp
Dent Pract 2018;19(8):1005–1012. DOI: 10.5005/jp-journals-10024-2373

International Journal of Prosthodontics & Restorative Dentistry, Volume 12 Issue 1 (January–March 2022)

