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Accuracy of Impressions for Multiple Dental Implants
Using Various Impression Materials And Techniques
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Purpose:-The aim of the present study was to compare the
accuracy of casts obtained from, non-splinted and splinted direct
impression techniques employing two different splinting materials
&impression materials for multiple dental implants.
Materials and Methods:- A reference model with four Implants (Uniti,
Equinox, D-3.7mm, L-13mm)in the anterior mandible was
fabricated with denture base heat-curing acrylic resin.
Impressionsof the reference model were made using polyether and
polyvinyle siloxane impression material by direct non-splinted
andsplinted techniques. Impressions were divided into two groups:
Group A:-Polyvinyl siloxane impression materials
Group B:-Polyether elastomeric impression materials
Both the groups were further divided into 3 sub-groups,
NS:- In this group impression posts were not splinted.
SPR:- In this group impression posts were splinted with pattern resin
(GC)
SWR:- In this group impression posts were splinted with light cured
wax resin.
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21 impressions were made for each groupand casts were poured in
type IV dental stone. Linear differences in interimplant distances in
the x-, y-,and z-axes and differences in interimplant angulations in
the z-axis were measured on the casts using acoordinate
measuring machine.(MUTUTOYO)
Results:-In this study impressions made with polyether impression
material was more accurate than the impression made with
polyvinyl siloxane and impressions using transfer copings splinted
with pattern resins, was more accurate than when they were nonsplinted or splinted with light cured wax resin
Conclusions:-Casts obtained from all six impression techniques
exhibited differences from thereference model. Casts obtained
using the polyether–splinted(SPR) technique were the
mostaccurate versus the reference model, followed by those
obtained via polyether–splinted(SWR) technique, Polyvinyle
Siloxane–splinted(SPR) technique,Polyvinyle Siloxane–
splinted(SWR) technique,nonsplinted techniques using poly ether
& poly vinyle siloxane impression materials.
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INTRODUCTION
The long-term success rate of osseointegrated implants has made
implant-supported prosthesis a valid option for the treatment of
missing teeth. An acceptable prosthesis requires optimal accuracy
in all steps of fabrication,1 amongst them the major objective in
making an implant-supported prosthesis is the production of
superstructure that exhibit a passive fit when connected to multiple
abutments.2,3This concept of passive adaptation has been defined
as a strictly tolerated metalo-metal interface between an implant
superstructure and the implant abutments.4
Failure to produce a passive fit can result in the generation of
considerable stresses in a screw-retained prosthesis when the
superstructure is connected to the abutments, which may lead to
biologic and mechanical failure of the implants.4 Hence accuracy of
an impression remains a critical factor in achieving passive fit of an
implant framework.5 Although the implant and bone can usually
tolerate minimal degree of misfit without adverse biomechanical
problems, it is appropriate to ensure accurate reproduction of the
inter-implant relationship in the working cast for the fabrication of a
passively fitting framework.5
The accuracy of the master cast is dependent on the type of
impression material, the implant impression technique, and
accuracy of the die material.5There are two basic impression
techniques used for transferring implant position from the mouth to
working cast, namely direct and indirect impression
techniques.5The first stage in achieving an accurate, passively
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fitting prosthesis is reproducing the intraoral relationship of the
implants with an impression. Conventional impression materials
and techniques have been the subjects for clinical research at many
materials science laboratories.4 Most research indicates that the
indirect impression technique produces greater mean distortion
than the direct technique (pick-up impression).5
Rotation of impression copings in the impression during fastening
of the implant analog is one of the drawbacks of the direct
impression technique. There is a need for research on the amount of
rotational distortion of impression copings in the z-axis, which can
occur when multiple implant impressions are made with polyether.5
The reliability of the measuring system is also vital to evaluate the
accuracy of the impression. Because distortion of an impression
can occur in the x-, y-, and-z axis, it is of paramount importance to
analyze the distortion in three dimensions.5
The purpose of this study was to compare the three-dimensional
accuracy of casts obtained using a non-splinted impression
technique with those created using a splinted technique and to
evaluate the efficacy of GC-pattern resin and wax resin (light cured)
as splinting materials.5
Several impression techniques have been advocated to achieve a
definite cast that will ensure the passive fit of prosthesis on
osseointegrated implants. To ensure maximum accuracy,
Branemark et al,emphased the importance of splinting impression
posts together, intra-orally, before registration of the definitive
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impression. The same technique has been used by others with
minor variances.6

GROUP B : Polyether elastomeric impression materials

Assif et al, compared the accuracy of three implant impression
techniques by using three different splinting materials. Significantly
more accurate results were obtained with techniques in which autopolymerizing acrylic resin or impression plaster, rather than dual
cure acrylic resin in this study.2

NS:- In this group impression posts were not splinted.

However Humphries et al, Hsu et al, Herbst et al, found no
significant differences between the values obtained with acrylic
resin splinted versus non-splinted copings in impression
techniques.4,7,8
Burawi et al, reported that the splinted technique exhibited more
deviation from the definitive cast than the non-splinted technique.9
Hence the purpose of this study was to assess the accuracy of
impressions made with polyether and polyvinyl siloxane impression
materials and also the efficacy of two different splint materials.
AIM OF THE STUDY:
The aim of the present study was to compare the accuracy of casts
obtainedfrom, non-splinted and splinted direct impression
techniques employing two different splinting materials namely
pattern resin (GC) and light cured wax resin (VOCO) and impression
materials namely poly vinyl siloxane and polyether, for multiple
dental implants.
OBJECTIVES OF THE STUDY:
1) This study was conducted to evaluate and compare the
accuracy of two different impression materials namely polyvinyl
siloxane and polyether elastomeric impression materials.
2) Two different impression techniques namely splinted and nonsplinted were done to test their efficacy in yielding accurate
casts with minimal distortion of inter-implant relationship values.
3) Two different splinting materials namely pattern resin (GC) and
light cured wax resin (VOCO) were used to evaluate their
reliability while making impressions of multiple dental implants.

Both the groups were further divided into 3 sub-groups,

SPR:- In this group impression posts were splinted with pattern
resin (GC)
SWR:- In this group impression posts were splinted with light cured
wax resin.
REFERENCE MODEL PREPARATION :
A Cast of the patient's edentulous mandibular arch was obtained
and duplicated with the help of the alginate irreversible hydrocolloid
impression material. Modeling wax was poured into the mold space
to get a positive replica of the impression. It was then finished and
polished. The cast was then invested in a dental flask with two pour
method. After de-waxing procedure the mold space was packed
with clear heat cure acrylic resin and processed. The cast was
recovered, finished and polished . Then the cast was secured on the
surveying table of the Jelenko surveyor. The greatest available
height of bone is located in the anterior mandible, between the
mental foramina. This region usually presents the optimal density of
bone for implant support.
The distance between centres of two implants was kept at 6mm as
3.7mm diameter implants were used and the inter-implant distance
would be maintained at 2.3mm.
The drilling was done sequentially by using twist drills of diameters
2mm, 3.3mm, and finally 3.7mm to a depth of 13mm.
Two metal stoppers were placed in the posterior region to help in
stabilizing and orient the impression tray while making an
impression[Fig1A]. Then reference model was duplicated with the
putty, poured with type-IV dental stone, this duplicated model was
then used to fabricate the special trays[Fig 1C].impression post
were placed over the implant fig.[1B]

Materials and Methodology
Materials & Methodology
ARMAMENTARIUM:
1.

Implant Kit (Uniti Equinox)

2.

PentaMix (3M)

3.

CMM (Co-ordinated measuring microscope, MITUTOYO)

4.

Surveyor (Marathone)

5.

Straight Hand Piece (NSK)

6.

Auto-mixing Gun & Tip

2) The impression posts were first splinted together by adapting
wax resin (fig.2B), which was cured with a composite curing unit.

7.

Acrylic Burs

IMPRESSION TECHNIQUE:-

8.

Metal Stops

The impression posts were not splinted, tray adhesive was applied
on the inner surface of the tray and the impression posts. The tray
was loaded with polyvinyl siloxane impression material, apply the
material over the impression posts and place the tray over the
reference model until the material set. A continuous pressure was

METHODOLOGY:
The test samples were divided into two groups namely:
GROUP A : Polyvinyl siloxane impression materials
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SPLINTING TECHNIQUE:1) The impression posts were joined together with a dental floss
and pattern resin was (fig.2A) added in increments on to the
floss.
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applied with the index finger over the stops of the tray on the both
side until the material set completely, meanwhile the excess material
was removed from the head of the impression post so that the guide
screws were exposed and may easily be engaged with the hexdrive. Now the final impression with impression post along with the
tray material was taken[2C].

Fig.4-Schematic
Representation of Inter-Implant
Distance In X-Axis.

Fig.5-Schematic
Representation of Inter-Implant
Distance In Y-Axis.

Fig.6-Schematic
Representation of Inter-Implant
Distance In Z-Axis.

Fig.7-Schematic
Representation of
Inter-Implant Angulation

This procedure was repeated for all the groups.
TEST:
Measurements were accomplished with the help of co-ordinated
measuring microscope (MITUTOYO) (fig.3C) using a probe with a
diameter of 2mm[3A]. The centers of the gingival formers were first
measured by touching four pointson the circumference of the
gingival formers andfeeding the data into a computer with
processingsoftware (Accusoft, Accurate). Significance of gingival
former placement on the implant was to make the measurement
accurate because if we use impression post which has a hexagonal
outer surface, could cause an error in the linear dimensions in x- and
y-axis (fig.4,5). Hence a gingival former with rounded outer surface
was used so the tangent could be easily measured by using the
center for all gingival formers[3B]. A gingival former placed on the
Implant replica 1 waskept as the reference, and all measurements
weremade with reference to the gingival former-1. The distance
between the centers of gingival formers 1 and2 (D1x/y), 1 and 3
(D2x/y), and 1 and 4 (D3x/y) were measured in the x- and y-axis.
Theplanes formed by the platforms of the gingival formers were then
measured. The distances between the planes formed by gingival
formers 1 and 2, 1 and 3,and 1 and 4 were measured to determine
the inter-implantdistances in the z-axis (D1z, D2z, D3z) (fig.5).To
determine the angular relationships between the implant analogs,
the gingival formers were placed over the implants and tightened
with a rachette. The plane formed by the flat surfaces of the gingival
former was established. A tangent was marked with the help of a
probe in relation to the surface of gingival former placed on implant
no.1 (fig 6). This was taken as the reference line. The tangents were
also marked on 2, 3, and 4 to contact the reference line. The angle
formed by them were named as A1, A2, and A3 respectively (fig 7).
Thus,nine distances and three angles were measured forthe
reference model and for each of the 42 casts. Thevalues obtained
from the casts were compared withthose from the reference model,
and the differences were calculated. The values were
statisticallycompared with one-way analysis of variance andthe
Tukey post-hoc test at a significance level of .05 (SPSS 11.5
software).
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RESULTS
There were two groups, group A (polyvinyl siloxane) and group B
(polyether), which were further divided into following sub-groups NS
(non-splinted), SPR (impression posts were splinted with pattern
resin), SWR (impression posts were splinted with light cured wax
resin).
The results were tabulated and statistical analysis was done by
using the SPSS software package (statistical package for social
sciences) P-value and T-test applied to get the comparison.
GRAPH 1: Depicts the linear measurements in the x-axis for the
reference model and casts obtained by all the three different
techniques (non splinted, splinted with pattern resin, and splinted
with light cured wax resin) with polyvinyl siloxaneimpression
material.

GRAPH 2: Depicts the linear measurements in the y-axis for the
reference model and casts obtained by all the three different
techniques (non splinted, splinted with pattern resin, and splinted
with light cured wax resin) with polyvinyl siloxane impression
material.
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GRAPH 3 : Depicts the linear measurements in the z-axis for the
reference model and casts obtained by all the three different
techniques (non splinted, splinted with pattern resin, and splinted
with light cured wax resin) with polyvinyl siloxane impression
material.

GRAPH 7: Depicts the linear measurements in the z-axis for the
reference model and casts obtained by all the three different
techniques (non splinted, splinted with pattern resin, and splinted
with light cured wax resin) with polyether impression material.

GRAPH 4: Depicts the inter-implant angular measurements for the
reference model and for casts obtained by all the three different
impression techniques (non splinted, splinted with pattern resin,
and splinted with light cured wax resin) with polyvinyl siloxane
impression material.

GRAPH 8: Depicts the inter-implant angular measurements for the
reference model and for casts obtained by all the three different
impression techniques (non splinted, splinted with pattern resin,
and splinted with light cured wax resin) and polyether impression
material.

GRAPH 5: Depicts the linear measurements in the x-axis for the
reference model and casts obtained by all the three different
techniques (non splinted, splinted with pattern resin, and splinted
with light cured wax resin) with polyether impression material.

DISCUSSION

GRAPH 6 : Depicts the linear measurements in the y-axis for the
reference model and casts obtained by all the three different
techniques (non splinted, splinted with pattern resin, and splinted
with light cured wax resin) with polyether impression material.

A major objective in making an implant supported prosthesis is the
production of supra-structure that exhibit passive fit when
connected to multiple abutments. One of the main requirements to
ensure a passive fit is to make an accurate impression. Failure to
produce a passive fit can result in the generation of considerable
forces in the screw retained prosthesis when the supra-structure is
connected to the abutments which may lead to complication and
mechanical failure. Stress measurements using a strain gauge have
shown compression and tension on the trans-mucosal abutment
during fixation of the framework. Forced tightening of the suprastructure can result in the micro fracture of bone, a zone of marginal
ischemia and healing with non mineralized attachment to the
implants.
The choice regarding materials and methods used to attain an
objective, in this case an accurate impression with minimal
distortion.The reference model used in this study represented an
implant placement in the anterior mandibular region to support an
over-denture. The use of gingival formers in place of abutments over
the implant analogs in the reference model offered the advantage of
it being circular and hence the measurements could be more easily
standardized.
Most research indicates that the indirect impression technique
produces greater mean distortion than direct techniques. Among
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the direct techniques both splinting and non-splinting have been
advocated for accurate impression. Although splinting with resin
has been recommended for maintaining a more accurate inter
implant relationship, the efficacy of this techniques in yielding
accurate casts are controversial.

a reference for measuring distortion. Because the prosthesis
connects all the implant together, the amount of strain on the
implants is related to the relative position of the implants to one
another. Therefore relative distortion analysis was done in this study
by measuring the inter implant distances and angulations.

Chang Chi Lin et al studied the accuracy of impression materials for
complete arch fixed partial dentures by using polyether, polyvinyl
siloxane& poly-sulfide, reversible hydrocolloid, irreversible
hydrocolloid impression materials and concluded that polyether
produced the most accurate complete arch replicas, and second
most accurate were the Polyvinyl siloxane to fabricate a complete
arch fixed partial denture. The impression material choosen was
single mix polyether and polyvinyl siloxane exhibiting good
resistance to permanent deformation, a low strain in compression,
and a high initial strength. These are the important properties of
elastic impression material for manipulation required in implant
transfer coping procedure. Here in this study polyether (Impregum3M), showed more accurate result than polyvinyl siloxane as
compared with the reference model.8

In this study impressions made with polyether impression material
was more accurate than the impression made with polyvinyl
siloxane. The results were similar to the studies done by wee, who
reported that polyether material showed the greatest torque values,
which may be favourable for the manipulation of a direct implant
impression techniques.20 The polyether impression material used
for the study exhibit good resistance to permanent deformation, a
low strain and compression, a favourable shore hardness in one
hour and a high initial tear strength. These are important properties
of elastic impression materials for the manipulation required in the
direct implant impression techniques. Thus from a clinical stand
point, results of this study support the use of polyether impression
material for multiple implant impressions. In this study impressions
using transfer copings splinted with pattern resins, was more
accurate than when they were non-splinted or splinted with light
cured wax resin. This was evident only with the results of group B
where polyether impression material was used. Whereas the results
for group A for which polyvinyl siloxane impression material was
used, suggests that there was no difference between splinted and
non-splinted impressions. This result may be supported by the fact
that polyvinyl siloxane impression material was more flexible than
polyether impression material. Hence due to the decreased rigidity
of the impression material minimal movement of the transfer
copings may have taken place during the pick-up procedure.
Movement of transfer copings may also have occurred during
attachment of implant analogs with guide screws. In the present
study, results also revealed that impression with pattern resins
splints exhibited less distortion than wax resin splint for group B.
This may be caused by the incomplete polymerization of the wax
resin, and another reason may be the excessive shrinkage caused
during polymerization of wax resin have created stresses at the
impression copings/wax resin interface.

GamalBurawi et al, conducted a study to compare dimensional
accuracy of splinted & non-splinted impression techniques for the
bone lock implant system & concluded that the result were more
accurate for splinted impression techniques than non-splinted
one.9
Mark R. Spector, also evaluated impression techniques for
osseointegrated implants using three different techniques
namely,1) Guided pin retained transfer copings were united with
auto-polymerizing acrylic resin. 2) Poly vinyl siloxane impression
was made in stock tray over hydrocolloid transfer coping 3)
Condensation silicone impression was made in a stock tray over
hydrocolloid transfer copings & concluded that there was no
significant difference in accuracy among the three impression
techniques.10
David Assif et al, conducted a study for accuracy of implant
impression splinted techniques and effect of splinting material.
They used auto-polymerizing acrylic resin, dual cure acrylic resin
and impression plaster as a splinting material. They concluded that
impression techniques using auto-polymerizing acrylic resin and
impression plaster as a splinting materials were significantly more
accurate.2
In the light of these studies it is hard to determine which impression
and splint material is clinically superior. Hence the purpose of the
present study is to investigate the accuracy of implant impressions
made with polyether and polyvinyl siloxane and by using pattern
resin and light cured wax resin as splint materials.
Dimensional changes can occur in any directions. To study the
magnitude of error occurring in three dimensions the inter implant
distance and angulations, were measured in the x-, y-, z- axis. All the
casts were measured using a co-ordinated measuring microscope.
Distortion can be measured either absolute or relative. In absolute
distortion analysis, an external reference point is used while in
relative distortion analysis one implant/gingival former was used as
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It is of interest to note that throughout this investigation, an exact
reproduction of implant position was never accomplished for all six
groups that were tested. Clinically, this implies that precise fit of a
supra structure may be unattainable on definitive cast from any
impression technique and lab procedure currently in use. The terms
precision and fit are relative to the clinical assessment by the
operator.22 Reports of tolerance between an implant and abutment
and the existence of rotation freedom of about 5.5 degree between
implant and abutment suggest that tolerance between the machine
components might compensate for the error to a certain extent.5
The minimal rotational discrepancies obtained in this study also
reinforce the need for a rigid impression material such as polyether,
to prevent rotational distortion. After analyzing the data, it appears
probable that the rigidity of polyether impression material, rigidity of
splinting material, tolerance between implant components and
torque employed during fastening of the implant analogs could
determine the extent of distortion.
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CLINICAL IMPLICATION:-

The results were tabulated and analyzed by using SPSS software.

1. Based on the result of the study, polyether impression material is
the material of choice for multiple implant impressions.

From the results obtained, and within the limitations of the study, the
following conclusions can be drawn:-

2. The result obtained for group-B (polyether impression material)
have revealed that splinting of multiple implants prior to making
an impression, thus improve the dimensional accuracy of the
cast.

• The casts obtained from all three impression techniques for
both impression materials exhibited differences from the
reference model.

3. Among the splint material tested, pattern resin appear to
present more accurate casts than light cured wax resin.

• The casts obtained by using polyether impression material were
more accurate in comparison to polyvinyl siloxane impression
material.

4. The results have also revealed that in addition to splinting
multiple implants, care must be taken to use a rigid impression
material with high torque resistance and tear strength.

• The outcome achieved with the three different splint materials
which were used along with polyvinyl siloxane impression
material exhibited differences, versus the reference model.

SCOPE FOR FURTHER RESEARCH :-

• Under the conditions of the present study, impression technique
with polyether impression material and pattern resin as splint
material was statistically more accurate than the other five
groups.

1. Research on the dimensions of the splint when used on
implants with drastically differing angulations along with in vivo
studies could shed more light on the importance of splinting
impression copings.

• The present study also revealed that impressions made with
polyether impression materialby using light cured wax resin as
the splint material was the second most accurate technique.

2. Further studies are required to elucidate the effects of
impression material thicknesses on the dimensional accuracy
of multiple implant impressions.
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