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Accuracy of different impression techniques for multiunit
implant restoration: A qualitative in vitro study
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ABSTRACT
Statement of problem. Displacement of impression copings and/or implant replicas during
impression making and dimensional changes that occur during clinical and laboratory phases of
making multiunit implant prostheses may affect the accuracy and fit of the prostheses.

Purpose. The purpose of this qualitative study was to investigate and compare 3 different
impression techniques for osseointegrated dental implant transfer procedures.

Material and methods. Three impression transfer approaches were evaluated and compared:
closed-tray impression technique (CTT), impression with plastic snap-fit impression copings;
open-tray impression technique (OTT), impression with independent square copings; and OTT
joining the impression copings with a photo-polymerized resin (PPT). A reference acrylic resin
model with 4 implants was fabricated. Polyvinyl siloxane with a stock tray was used to make 45
impressions (n=15 for each impression technique), and 45 die definitive stone casts. A computer-
aided design and computer-aided manufacturing (CAD-CAM) titanium framework was fabricated
on the reference model. Three blinded operators evaluated the fit of the CAD-CAM titanium
framework on each model to find clinically acceptable fit. The Kappa test was used for the
agreement between the examiners (a=.05).

Results. Agreement was found among the 3 examiners on 44 of 45 specimens (Kappa value= 0.939;
P<.001). In the CTT group, 14 casts were found to be acceptable. In the OTT group, nearly half of the
specimens produced unacceptable fitting casts, whereas in the PPT group, 13 casts were found
acceptable.

Conclusions. CTT and PPT produced more accurate casts than the OTT technique, which yielded
inferior results. (J Prosthet Dent 2020;124:729.e1-e5)
A dental impression, defined
as a negative imprint of an oral
structure, produces a positive
replica of the structure and is
used as a permanent record or
in the production of a dental
prosthesis.1 The accuracy of
the definitive stone cast de-
pends on the accuracy of the
dental impression.2-4 For
implant-supported prostheses,
recording the 3-dimensional
orientation of the implants is
more critical than reproducing
fine surface details.5-8 An
impression that records the 3-
dimensional position of the
implant must be accurate so
that the resultant definitive
stone cast duplicates the clin-
ical position precisely. The
definitive stone cast must also
record the adjacent hard and

soft tissues, the accuracy of which depends on the
implant impression and definitive stone cast technique.
The fabrication of definitive stone casts for conventional
crowns and fixed partial dentures has been well docu-
mented.9-12 The dental implant, unlike natural teeth with
the periodontal ligament, has extremely limited move-
ment, approximately 10 mm.5,13 Any tensile, compressive,
and bending forces introduced into an implant-
supported restoration as a result of misfit may lead to
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problems ranging from screw loosening to loss of
osseointegration.14-18

Several implant impression techniques have been
introduced, including splint, pickup, transfer, and snap-
fit techniques. Both splint and pickup techniques use
an open impression tray. The transfer and snap-fit
techniques use a closed tray.19-23

Traditionally, 2 different implant impression tech-
niques have been used. The transfer technique uses
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Clinical Implications
The use of plastic snap-fit impression copings in a
closed-tray technique produced a more accurate
impression than other implant impression
techniques in the transfer of the positions of
multiple ITI implants to definitive stone casts.
Adopting this technique could save clinicians
valuable chair time.

729.e2 Volume 124 Issue 6
tapered impression copings and a closed tray to make an
impression. The copings are connected to the implants;
the impression is made and then separated from the
mouth, leaving the impression copings connected to the
implant fixtures. The copings are then removed and
connected to the implant analogs and reinserted after
correctly orienting them back into the impression. The
use of the snap-fit impression coping instead of the
transfer coping might eliminate human errors during the
relocation of the copings into the impression.24-26 The
pickup impression technique uses square copings con-
nected to the implant fixtures and an open tray allowing
the coronal ends of the impression coping screw to be
exposed, while the impression is seated intraorally.

All impression techniques except for the snap-fit
technique have been investigated together with other
factors affecting the accuracy of implant impression
such as the depth or angulations of implants compared
with each other. However, the results of such studies
have not been consistent, and studies have reported
better accuracy with different impression tech-
niques.26,27 Adell et al28 emphasized the importance of
splinting transfer copings together intraorally before
impression making. Vigolo et al29 reported more accu-
rate definitive casts were obtained when impression
copings were rigidly splinted with an autopolymerizing
acrylic resin. According to Assif et al,13 passive fit can
be achieved by obtaining an accurate impression either
with transfer impression copings or with pickup
impression coping. Therefore, the purpose of this study
was to evaluate the accuracy of the closed-tray
impression technique (CTT) in comparison with non-
splinted and splinted open-tray impression techniques
(OTTs) for multiple implant impressions.

The null hypothesis was that no difference would be
found between the different techniques used in the
study: CTT; OTT; and OTT joining the impression cop-
ings with a photo-polymerized resin (PPT).

MATERIAL AND METHODS

A reference acrylic resin model simulating an edentulous
mandibular ridge was fabricated with 4 standard-plus
regular neck implants (4.1×12 mm; Institut Straumann
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AG). The 4 implants were placed nearly parallel to
simulate a clinical situation. With stock trays, 45 polyvinyl
siloxane (PVS) impressions (Imprint 3; 3M ESPE) of the
reference model were obtained, 15 using each of the
impression techniques. A light-body consistency was
syringed around the impression copings, and a heavy-
body consistency was used to load the trays. The
impression material was allowed to polymerize for 7-8
minutes following the manufacturer’s instructions. The
impression trays were removed from the model and left
untouched for 1 hour. Forty-five stone casts (Silky-Rock;
Whip Mix Corp) were then obtained. Three different
groups of impressions represented by CTT, OTT, and
PPT were made. In the first group, snap-fit plastic
impression caps and positioning cylinders (Institut
Straumann AG) were used. The closed-tray technique
was used, each impression tray was seated, and the
material was allowed to polymerize as indicated. The
impressions were removed with the plastic impression
copings attached and left for an hour. Implant analogs
were then snapped into the copings, and the impressions
were poured.

In the OTT group, square impression copings (RN
synOcta; Institut Straumann AG) with positioning pins
were screwed into the reference model (Fig. 1A) with a
hand force wrench and finger tightened as per the
manufacturer’s recommendation, and an open-tray
technique was used to modify the impression trays by
making 4 holes corresponding to the implant positions
on each tray. Each tray, loaded with PVS impression
material (Imprint 3; 3M ESPE), was seated, and the
material was allowed to polymerize as recommended by
the manufacturer. The guide pins were loosened so that
the impression copings remained in the impression when
the tray was removed. In the PPT group, the OTT joining
the impression copings with a photo-polymerized resin
(Triad gel; Dentsply Sirona) was used. The impression
copings were finger tightened to the implants in the
reference model as described for the OTT group, dental
floss was used to join the 4 impression copings, and the
photo-polymerized resin was incrementally added and
polymerized to join the copings together (Fig. 1B). The
same impression trays used in the OTT group with
similar holes were modified by joining the holes together
to accommodate the splinted impression copings, and
the impressions were made as described.

A computer-aided design and computer-aided
manufacturing (CAD-CAM) titanium framework (Accu-
Frame; Cagenix Inc) was fabricated on the reference
model (Fig. 1C). Three calibrated prosthodontists with
more than 15 years of experience evaluated the passive fit
of the titanium framework first on the reference model,
and then, the titanium framework was evaluated on each
die stone definitive cast to assess fit for passivity. The
evaluation was performed visually and by using a sharp
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Figure 1. A, Open-tray impression posts; B, Impression posts joined with photo-polymerizing resin; C, Computer-aided design and computer-aided
manufacturing titanium framework on master model.

Figure 2. A, Acceptable fit; B, Unacceptable fit; C, Minimally acceptable fit.
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explorer to simulate a clinical situation. The prostho-
dontists were blinded to the impression technique and
used the following criteria for evaluating the specimens.
A clinically acceptable fit was defined when the titanium
framework had an accurate fit and when the retaining
screw was tightened only on the left distal implant,10,11

with no visible discrepancies between the titanium
framework and any abutment margin (Fig. 2A). An un-
acceptable fit was when the examiner determined that
the titanium framework did not fit accurately, when
discrepancies between the titanium framework and 1 or
more abutment margins were clinically visible (Fig. 2B),
and when sectioning and reassembling the titanium
framework was necessary to achieve passive fit. If the
titanium framework did not accurately fit the model but
was clinically acceptable, with only a minimal discrep-
ancy (Fig. 2C) and the clinical decision to use the bar, that
was defined as a minimally acceptable fit.30

The interexaminer agreement was determined by
calculating the Kappa coefficient.31 Any Kappa lower
than the value of 0.60 was considered inadequate
agreement among the examiners. The statistical analysis
was performed by using a statistical software program
(IBM SPSS Statistics, v22.0; IBM Corp) (a=.05).

RESULTS

Relative to interexaminer variability, there was agreement
among the 3 examiners on 44 of 45 specimens (Table 1).
In the CTT group, 14 specimens were found to be
Ismail and Alhajj
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clinically acceptable and 1 specimen was not acceptable.
In the OTT group, 8 specimens were acceptable, whereas
7 were not. In the PPT group, 13 specimens were
acceptable, 2 were not, and 1 was found by 1 examiner to
be minimally acceptable, whereas the same specimen
was declared acceptable by the other 2 examiners. The
overall level of agreement for all specimens was almost
perfect (0.939) (P<.001) (Table 2).

DISCUSSION

Based on the results of the investigation, the null hy-
pothesis was rejected. The interexaminer difference on
the evaluation of the specimens could be from differences
in clinical judgment from the qualitative design of the
study, simulating a clinical situation. Nonpassive fit of a
prosthesis is often a critical contributing factor in pros-
thesis failure.2 Fracture of implants and superstructure
components, bone loss, and infectious processes can
occur when the functional load is not evenly distrib-
uted.23,32 According to Cox and Zarb,33 the lack of pas-
sive fit between prosthesis and implant may submit these
components to strain and consequently result in their
failure, fracture of the implant, or microfracture and loss
of the peri-implant bone.

Variables involved in the fabrication of implant-
supported prostheses include tolerance among the
components of the implant systems, impression transfer
procedures, investing, casting, and alloy properties, as
well as the impression materials.34 Therefore, the
THE JOURNAL OF PROSTHETIC DENTISTRY
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Table 1.Descriptive statistics of assessment among examiners N (%)

Technique Assessment
Examiner 1

(%)
Examiner 2

(%)
Examiner 3

(%)

CTT
(N=15)

Acceptable 14 (93.3) 14 (93.3) 14 (93.3)

Minimally
acceptable

0 (0) 0 (0) 0 (0)

Unacceptable 1 (6.7) 1 (6.7) 1 (6.7)

OTT
(N=15)

Acceptable 8 (53.3) 8 (53.3) 8 (53.3)

Minimally
acceptable

0 (0) 0 (0) 0 (0)

Unacceptable 7 (46.7) 7 (46.7) 7 (46.7)

PPT
(N=15)

Acceptable 12 (80) 13 (86.7) 13 (86.7)

Minimally
acceptable

1 (6.7) 0 (0) 0 (0)

Unacceptable 2 (13.3) 2 (13.3) 2 (13.3)

Total
(N=45)

Acceptable 34 (75.6) 35 (77.8) 35 (77.8)

Minimally
acceptable

1 (2.2) 0 (0) 0 (0)

Unacceptable 10 (22.2) 10 (22.2) 10 (22.2)

CTT, closed-tray impression technique; OTT, open-tray impression technique; PPT, photo-
polymerized resin impression technique.

Table 2. Level of agreement between examiners

Technique

EXa1 X Exa2 Exa1 X Exa3 Exa2 X Exa3

Value P Value P Value P

CTT (N=15) 1 <.001 1 <.001 1 <.001

OTT (N=15) 1 <.001 1 <.001 1 <.001

PPT (N=15) 0.769 <.001 0.769 <.001 1 <.001

Total (N=45) 0.939 <.001 0.939 <.001 1 <.001

CTT, closed-tray impression technique; OTT, open-tray impression technique; PPT, photo-
polymerized resin impression technique.
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dentist must achieve the best fit by minimizing the
sources of error.35 Errors may be introduced during any
of the steps required, such as dimensional changes in
the materials, inaccurate repositioning of the impression
copings, and improper connection of the components.8

The dimensional changes in the present study were
unlikely to produce significant errors, as the closed-tray
technique was the most accurate of the 3 techniques
investigated.

The current investigation was designed to simulate a
clinical situation where the reference model represented
an edentulous patient with 4 implants to be restored. The
Straumann system was selected because the tissue level
design simplifies the process as the collar of the implant
body represents the restorative platform. PVS is the most
widely used impression material for fixed restorations,
including implants,4 and is typically used in stock trays
for implant impressions.36 Computer-aided design and
computer-aided manufacturing titanium frameworks
have been reported to fit more passively than cast
frameworks.18,37

The results of the current investigation are limited to
the implant design and system tested and to 4-implant
prostheses. The fit at the terminal implants was evalu-
ated for passive fit, as usually the discrepancy is easier to
detect at this location and has been widely used for
measuring accuracy and passive fit.6,7,38

The use of snap-fit plastic impression caps is prob-
lematic with a subgingival implant platform location as
complete seating cannot be verified with a radiograph
unlike when using an open-tray metal impression post.
If the restorative platform is significantly subgingival,
the use of an open-tray metal impression post is rec-
ommended. The mode of the misfit in the CTT and PPT
groups was similar. Three of 4 implants fit accurately,
THE JOURNAL OF PROSTHETIC DENTISTRY
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whereas the mode of the misfit in the OTT group was
inconsistent. The most probable reason for misfit in the
CTT and PPT groups was the improper connection of
the components, whereas in the OTT group, it could be
one of the reasons mentioned previously. The use of
plastic snap caps in this study was found to be the most
accurate implant impression technique, but there was
no significant difference from the third technique where
the open tray was used and impression copings were
joined with a photo-polymerized resin. The closed-tray
technique saves the practitioner chair time, especially
with recently developed PVS impression materials. It
might still be necessary to use the method of splitting
and reindexing the autopolymerizing resin and floss
assembly as has been suggested to minimize the poly-
merization shrinkage of the resin.39,40 Alternatively, the
accuracy of the definitive stone cast could be verified
with the use of a verification device41 before having the
dental laboratory fabricate the final definitive frame-
work, especially if a nonsplinting impression technique
was used. Adding a fourth group assessing splitting and
reindexing the registration device is recommended in
future studies. Limitations of the current investigation
also include its in vitro design conducted at room
temperature rather than mouth temperature. The
impression will be dimensionally altered as a result of
changes in temperature; however, the PVS impression
material used in this study has significantly fewer
dimensional changes compared with other impression
materials.42 Further studies with a temperature similar
to that of the oral cavity are needed to confirm the
current results.

CONCLUSIONS

Based on the findings of this in vitro study, the following
conclusions were drawn:

1. The snap-fit closed-tray technique was found to be
the most accurate multiple implant impression
technique when compared with either open-tray or
open-tray joining the impression copings with a
photo-polymerized resin.

2. The open-tray technique, without joining the
impression posts, produced the least accurate defini-
tive casts.
Ismail and Alhajj
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