
Research article

*Corresponding author: Ali Barzegar Alamdari, E-mail: alibarzegar38@gmail.com 
© 2022 The Author(s). This is an open access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.
org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Negahdari et al. J Adv Periodontol Implant Dent. 2022; 14(2): 134-140

doi:10.34172/japid.2022.019

https://japid.tbzmed.ac.ir

Comparison of the accuracy of fixture-level implant impressions using 
two different materials for splinting

Introduction
Dental implants are alternatives for conventional 
prostheses with promising long-term outcomes in 
patients who have lost all or some of their teeth. Ac-
curate impressions and the correct transfer of im-
plant position to the cast are highly significant.1,2 In 
this regard, one of the main studied areas is improv-
ing the accuracy and adaptation of implant-based 
prostheses as well as the accuracy of impression 
making. Accordingly, this includes the promotion 
of restorative clinical methods and the quality of 
materials used during the implant prosthesis steps.2 
The first step of making an implant-based prosthe-
sis is accurately recording the three-dimensional 
position of implants in the oral cavity that can be 
achieved during the impression-making process. 
The exact transfer of the position of implants to the 
cast depends on various factors, including the type 
of the impression material, the position and angle 
of the implants, the impression method, the accura-
cy of connecting the analogs to the impression, the 

type of plaster, and the cast preparation technique.3

Each implant system has its unique impression cop-
ing that can be used for accurately recording the im-
plant position to transfer it to the cast. Transferring 
the impression coping is considered a critical step in 
recording the implant position.4

Two techniques of “open tray” and “closed tray” 
are the most commonly used impression techniques. 
Accordingly, in the open tray, impression copings 
remain inside the mold; therefore, the position of 
the implants is recorded. Of course, in this tech-
nique, some problems may possibly occur, such as 
the displacement of impression copings and distor-
tion of an impression during tray removal, resulting 
in the mismatch of the final prosthesis.4 For a closed 
tray method, impression copings are separated from 
the implant and placed with the analog on the mold 
outside the patient’s mouth. Moreover, this method 
can be used in cases with nausea reflex, limitations 
of mouth opening, and implants in posterior areas.5 
Experts supporting the closed tray method mostly 
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believe that placing copings inside the impression 
material out of mouth leads to increased visibili-
ty and accessibility.5 The main disadvantage of this 
method is that if the impression copings are not ac-
curately placed inside the impression material, this 
will cause mismatching of the prosthesis.4 The type 
of impression material also affects the accuracy of 
the final prosthesis. In this regard, it was reported 
that the harder the impression material, the more 
accurate the impression. Therefore, additional poly-
styrene-silicone impression materials are recom-
mended for implant impressions.6

In addition to the impression method and the 
type of impression material, splinting of impression 
copings could also affect the accuracy of implant 
impressions. It has been reported that the most 
common reason for the inaccuracy of implant im-
pression making is a change in the position of the 
impression copings inside the mold and on the cast. 
Therefore, splinting the coping helps maintain their 
position when the mold is removed (using the open 
tray technique).7 Most earlier reports have supposed 
that the splint method is more accurate during im-
plant impression with internal connections.1

In addition to the benefits mentioned above during 
splinting of implant copings, problems might arise, 
such as the possibility of fracture of the splint mate-
rial or polymerization shrinkage of the acrylic resin 
used for splinting. Shrinkage during polymeriza-
tion can be reduced using appropriate materials and 
techniques such as maintaining a small space be-
tween acrylic splint parts and filling the mentioned 
gaps following the contraction of independent parts 
of the splint material.8,9

Accordingly, one of the suitable materials for 
splinting impression copings is auto-polymerizing 
acrylic resin, with minor polymerization shrinkage. 
On the other hand, this material has an unpleasant 
odor, and its setting time can be problematic for 
some patients, while it can be rapidly cured in light-
cured types.7

The second material used is the light-cured resin 
pattern, as the injectable Jig-Gel, which has minor 
polymerization shrinkage, with shorter working 
time due to light-curing, has no unpleasant odor, 
has no allergic problems, and is available. However, 
very few articles have been conducted on this sub-
ject. 

In this study, a new light-curing material (Jig-Gel) 
was examined and compared with auto-polymeriz-
ing resins using two different splint methods.

Methods

Sample Size
The sample size was estimated using the results of a 

pilot study. Accordingly, 8 samples were included in 
each group using power and sample size software. 
Moreover, to increase the study’s validity, 20% was 
added to this number, i.e., 12 samples were included 
in each group.

An aluminum index was made using a CNC ma-
chine according to the map defined in the machine 
software. This index consisted of two separate com-
ponents, including part A (lower part) and part B 
(upper part), which could be fastened by a joggle 
(joint) and then fixed to each other. In part B, which 
played the role of an impression tray, two holes were 
embedded, slightly larger than the diameter of the 
impression copings, to exit the head of the impres-
sion copings in the same direction.

Additionally, the dimensions of the chamber were 
adjusted by the length of the impression copings so 
that the screw head of the impression copings pro-
truded at least 2 mm from the holes because the 
screws could be easily unscrewed from the outside 
(copings’ length was 23 mm, copings’ diameter was 
5 mm, and their gingival height was 2 mm).

First, part A was soaked in Vaseline; then, au-
to-polymerizing acrylic resin (Ivoclar, Vivadent AG, 
Liechtenstein) was filled as high as part A, which was 
an imitation of the patient’s jaw. In the acrylic resin, 
two holes were made with a diameter of 4.25 mm 
and a depth of 12 mm by a dental milling machine 
(so that 1 mm of the analog head was placed outside 
the acrylic resin to be able to measure the distance 
between the two analogs). To ensure the parallelism 
of the analogs, they were placed by the surveyor de-
vice on a horizontal level.

Two analogs (Lab Analog, Dentist Corporation, 
South Korea) were inserted into the embedded holes 
using auto-polymerizing resin (Triplex cold, Ivo-
clar Vivadent, Schaan, Liechtenstein). After com-
pleting the setting, each analog was numbered, and 
the numbers 1 and 2 for each analog were written 
on the model. Afterward, the distance between the 
most distal point of the analogs on the model was 
measured using MITUTOYO digital caliper (Digital 
vernier caliper 0-150 mm / 0.01 precision). At this 
point, first, a line was drawn parallel to the trans-
verse side of the metal index at the most distal point 
of both analogs and tangent to them. Next, the dis-
tance between these two lines was measured and re-
corded using a caliper. An average of four measure-
ments were used to report this distance.

After that, the impression copings were connected 
to the analogs, and impression making was conduct-
ed using the open tray method with putty and wash 
(Panasil, Additional-Silicone, Kettenbach, Germa-
ny). In addition, the appropriate analogs were at-
tached to the impression copings inside the taken 
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mold, and a plaster cast was then prepared with stone 
plaster type 4 (Volmix GC with a powder-to-liquid 
ratio of 20 mL of water per 100 g of powder with a 
mixing time of 1 minute).

To compare these two different splint materials, 
prosthetic parts were divided into the following five 
groups:
Group 1: In this group, the impression copings were 
splinted by auto-polymerizing acrylic resin.
Group 2: In this group, we splinted the impression 
copings using auto-polymerizing acrylic resin, cut 
the splint, and then re-connected them.
Group 3: In this group, the impression copings were 
splinted by a light-curing resin pattern (Jig-Gel, Bio-
denzircose, Seoul, Korea).
Group 4: In this group, we splinted the impression 
copings using a light-cured splint resin pattern, cut 
the splint, and then re-connected it.
Group 5: In this group, impression making was per-
formed with no splint material.
Group 1: To equalize the self-polymerizing acryl-
ic resin splint material volume, first, the impression 
copings were splinted using a wax pattern measuring 
4×20×4 mm. Afterward, Vaseline was applied to part 
B, the putty impression material was placed inside it, 
and then part B was fastened to part A with impres-
sion copings and splinted by wax until set. Subse-
quently, the impression material and the impression 
copings were removed from part B, and thus the in-
dex was made of putty with an empty cube for the 
splint material with a dimension of 4×20×4 (Figure 
1). Subsequently, the auto-polymerizing acrylic resin 
was poured into the index until it was set. Next, the 
putty impression material was placed inside part B, 
the wash was injected around the neck of the impres-
sion copings, and piece A was fastened to piece B. Af-
ter the impression material’s setting, the screw of the 
impression copings was opened; then, the acrylic res-
in was removed from part A and replaced with type 
4 stone plaster (Volmix GC with a powder-to-liquid 

ratio of 20 mL of water per 100 g of powder with a 
mixing time of 5 minutes on a vibrator). It was then 
connected to the impression copings in part B of 
the appropriate analogs and placed inside the unset 
Type 4 stone plaster according to the manufacturer’s 
instructions. After the plaster was set, the distance 
between the most distal points of the analogs on the 
model was measured by the MITUTOYO digital 
caliper with an accuracy of about 0.01 mm. First, 
a line was drawn parallel to the transverse side of 
the metal index at the most distal points of both an-
alogs and tangent to them. Moreover, the distance 
between these two lines from the side of the metal 
index in each sample was measured four times by 
one person using a digital caliper and recorded.
Group 2: The index was prepared similar to that in 
group 1; then, the Jig-Gel material was poured into 
the index. Subsequently, a window was made in the 
index putty, measuring 4×20×4 mm, and filled with 
light-cured resin, and the initial cure was performed 
for 20 seconds. Next, the putty was removed, and 
the final curing was performed for 20 seconds. In 
addition, the wash was injected around the neck of 
the impression copings, and part A was fastened to 
part B. Finally, the impression was taken, and the 
rest of the procedural steps were similar to group 1.
Group 3: The model and index were prepared simi-
larly to group 1. Auto-polymerizing acrylic resin was 
poured into the index until it was set. Then the index 
was removed, and the splint of the self-polymerizing 
acrylic resin was cut in half with a metallic disk (Fig-
ure 2). In this way, the volume of auto-polymerizing 
acrylic resin was reduced to reach approximately the 
thickness of a metal disc and reduce the possibility 
of shrinkage during acrylic resin polymerization.10 
In addition, after filling the gap between the two 
parts of the splint with auto-polymerizing acrylic 
resin and completing the polymerization, the putty 
impression material was placed inside part B. Then, 

Figure 1. Putty index view, prepared with wax to control the 
volume of the splint material.

Figure 2. View of a split disc made of auto-polymerizing acrylic 
resin.
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the wash was injected around the neck of the im-
pression copings, and part A was fastened to part B. 
After the impression material was set, the screw of 
the impression copings was opened, the acrylic resin 
of piece A was removed, and then replaced with type 
4 stone plaster. Subsequently, it was connected to the 
impression copings in part B of the appropriate an-
alogs, and part B was placed inside the unset type 4 
stone plaster. All these procedures were carried out 
according to the manufacturer’s instructions. Final-
ly, after the plaster was set, the remaining procedural 
steps were similar to the previous groups.
Group 4: The preparation was performed similar to 
group 2, except that the Jig-Gel splint was cut in half 
with a metallic disc. In addition, the possibility of 
shrinkage during Jig-Gel curing was reduced.10 After 
closing the prepared impression copings, filling the 
gap between the two parts of the Jig-Gel splint with 
Jig-Gel material, and completing the curing process, 
the putty impression material was placed inside part 
B, and the wash was injected around the neck of the 
impression copings. Finally, part A was fastened to 
part B, and the remaining procedural steps were car-
ried out similar to group 2.
Group 5: The procedural steps were performed sim-
ilar to the other groups; however, splinting was not 
carried out.

The results of this study were reported using de-
scriptive statistics  (mean ± SD).  All the statistical 
analyses were performed using SPSS 17 at a signifi-
cance level of P<0.05. Finally, the distance between 
the two analogs was compared with the actual val-
ue. Accordingly, the distance between the analogs 
in each material was compared using three different 
methods (splint, cut splint, and non-splint).

Result
The average distance measured in the impressions 
splinted using the light-cured resin pattern was 
19.23±0.078 mm, with 19.32±0.019 mm using the 
auto-polymerizing acrylic resin. 
A single-sample t-test showed that the impressions 
splinted using the light-cured resin pattern exhibit-
ed a difference of -0.077 from the real value (19.315 
mm). Although this difference was statistically sig-
nificant, impression making with splinting by au-
to-polymerizing acrylic resin differed from the actu-
al value up to +0.005 mm, which was not statistically 
significant. In other words, impression making with 
splinting by auto-polymerizing acrylic resin was 
similar to the real sample (Figure 3).
The mean distance measured in the cut-splint-
ed impression using a light-cured resin pattern 
was 19.301±0.051, with 19.361±0.026 mm in the 
cut-splinted impression by auto-polymerizing 

acrylic resin. A single-sample t-test showed that this 
cut-splinted impression using the light-cured resin 
pattern exhibited a -0.013 mm difference from the 
real value (19.315 mm). Accordingly, although this 
difference was not statistically significant, it was dif-
ferent from the cut-splinted impression by self-po-
lymerizing acrylic resin up to +0.046 mm from the 
real value, which was statistically significant.
The mean distance measured in non-splinted im-
pressions was 19.372±0.083 mm. A single-sample 
t-test showed that this impression method differed 
from the actual value (19.315 mm) by 0.057 mm 
(more than the real sample), and this difference was 
statistically significant.

A comparison of the measured distance in light-
cured resin pattern impression in three modes of 
splinting, cut-splinting, and no splinting, and also 
auto-polymerizing acrylic resin impression in three 
modes of splinting, cut-splinting, and non-splinting 
showed a significant difference in distance measured 
in two materials in these three methods (P<0.05)(Fig-
ure 4). Moreover, a two-by-two comparison of the 
three groups of each material with the Mann-Whit-
ney test showed that:
1. The measured distance was the same in the 

splinting and cut-splinting methods.
2. The measured distance in the splinting method 

was significantly less than that in the non-splint-
ing method.

The measured distance was the same in the 
cut-splinting and non-splinting methods (Figures 5 
and 6).

Discussion
In this in vitro study, three impression methods and 
two different splint materials were used. The least 
difference in distances and maximum accuracy were 
observed in the impression method with splinting of 
impression copings using self-polymerizing acryl-
ic resin without cutting (+0.005 mm). In addition, 
this method had no statistically significant difference 

Figure 3. Comparison of measurement accuracy between 
splinting by self-cured acrylic resin and light-cured resin pattern 
with the real value.
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from the reference model. The highest rate of differ-
ence between the distances and the least accuracy 
belonged to the impression method with splinting 
of impression copings by a light-cured resin pattern 
(-0.077 mm). Correspondingly, the distance record-
ed in this method was significantly less than the actu-
al value. Moreover, the results of the two methods of 
“splint” and “cut and re-connect splint” were similar 
with both materials.

Comparison of three-dimensional accuracy of 
implant impression using SDR photo-polymerized 
material and Duralay acrylic resin with that of the 
two methods of conventional splinting and cutting 
the splint showed that impression with an integrated 
splint and cutting the splint with SDR did not result 
in any significant difference in the impression accu-
racy.18 In another study, an examination of both the 
accuracy and precision of implant impression meth-
ods with two splint methods showed that splinting 
the components increased the impression accura-
cy using the open tray method. Additionally, in the 
study above, splints made with acrylic resin showed 
more accuracy than those made with light-cured 
composite resins.11

Hariharan et al12 showed that splinting with acrylic 
resin is more accurate than the non-splint method. 

Some other studies have also reported that impres-
sion accuracy would increase if hard splinting of 
impression copings is carried out before impression 
taking in the open tray method. This may be due to 
preventing the impression copings from moving sep-
arately during the impression process by tightly con-
necting the components.13,14 Additionally, Avila et al15 
reported that a splint causes improved impression ac-
curacy from the implant.

In another study, Tarib et al16 showed that the open 
tray method with a splint, cutting the splint material, 
and re-connecting the splinted components were not 
significantly different from the open tray methods 
with and without splinting. In addition, this is more 
accurate than the closed tray method.

Amirian et al17 evaluated the accuracy of frame-
works obtained from impressions by splinting the 
components of implant-support prostheses. As a 
result, a statistically significant difference was ob-
served between the splint and non-splint methods. 
Finally, they suggested that despite the problems that 
occurred during the clinical stages, the splint meth-
od should be used for the final impression of the im-
plant-based bridge due to its high degree of compati-
bility with the implant.

In the present study, the accuracy of the splint ma-
terial in the impression method with splinting of im-
pression copings by auto-polymerizing acrylic resin 
exhibited the highest accuracy compared to the splint 
material. Accordingly, some similar results were re-
ported by comparing the impression method with 
the splint as a cut-and-re-connect splint, splinting 
of impression copings, and splinting without cutting 
using both materials. Of note, the accuracy rates of 
these two splint methods were significantly high-
er than that of the non-splint impression method, 
consistent with all the studies mentioned above.11-18 
However, some studies have reported results differ-
ent from the present study.18-23

Fiore et al18 compared the three-dimensional accu-

Figure 4. Comparison of measurement accuracy between the 
cut-splinting method with auto-polymerizing acrylic resin and 
light-cured resin pattern with the real value.

Figure 5. Comparison of the measured distances in the 
impression using the light-cured resin pattern between the three 
methods of splinting, cut-splinting, and non-splinting.

Figure 6. Comparison of the measured distances in the 
impression using the auto-polymerizing acrylic resin between 
the three methods of splinting, cut-splinting, and non-splinting.
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racy of implant impressions using SDR photo-polym-
erized material and Duralay (Reliance, USA) acrylic 
resin with those obtained by the two conventional 
splint and cut-and-re-connect splint methods. It was 
shown that routine techniques of the impression of 
toothless jaws by multiple implants with SDR as splint 
material have high accuracy. Moreover, these are sta-
tistically more accurate than Duralay, consistent with 
the present study. In addition, this can be attributed 
to differences in the method of execution and volume 
of splint material, different arcs and shapes of the in-
dex of this paper, a higher number of analogs in each 
sample, their type and angle, and the method used to 
measure the distances in this study.

Selvaraj et al22 studied impression accuracy (open 
tray method) with two different splint materials. In 
this regard, GC Pattern Resin and Pro-Temp TM4, 
which were used as syringes, produced the main casts 
after the impression procedure. The results showed 
that both the casts obtained from two resin splint 
materials and Bis-GMA showed the same volume of 
changes, and the results were similar. However, the 
use of Bis-GMA material is highly recommended 
due to its lower working time, technical sensitivity, 
and availability. The results of the study above are in 
contrast to those of the present study, indicating that 
the highest accuracy was related to self-curing acrylic 
resin, which could be due to differences in the imple-
mentation method, the volume of the splint material, 
and the light-cured nature of the acrylic resin.

Papaspyridakos et al23 compared three different 
splint materials as follows: (1): splinting with GC 
Pattern resin, (2): splinting with Fixepeed resin, and 
(3): splinting with Triad gel. Notably, no statistically 
significant differences were reported.

Carbal et al21 showed that if the cutting and re-con-
necting method is used, the impression of the open 
tray with splinting the components is more accurate 
compared to closed tray, open tray without splinting, 
and open tray with splinting without cutting. Howev-
er, in the present study, similar results were obtained 
using conventional splinting and cut-and-re-connect 
methods, probably due to differences in the materials 
used in splint parts.

Kim et al19 showed that during the impression 
process, the slightest change in the position of the 
implant components was related to the non-splint 
group. Therefore, regarding these results, these re-
searchers suggested avoiding splitting the impression 
copings in the open tray technique. These findings 
are consistent with those of the present study. In the 
present study, the splinting method was more accu-
rate than the non-splinting method of impression 
copings. Correspondingly, this contradiction can be 
attributed to differences in the method of implemen-

tation and the amount of control in both the volume 
of the splint material and its polymerization.

Del Acqua et al20 reported that splinting the im-
pression transfers led to inaccurate casts due to the 
contraction of the acrylic resin (0.3%), which is usu-
ally used for splinting. On the other hand, they con-
cluded that open tray impression techniques have 
higher accuracy than other methods. In this study, 
to reduce the error caused by the expansion of the 
plaster of analogs, the following two methods were 
used: 1) analog splinting by Duralay acrylic resin 
and then pouring the cast, and 2) placing analogs 
inside pre-fabricated tubes and pouring the cast at 
two stages. In this study, the highest accuracy was 
related to open tray impression without splinting of 
the impression coping and using pre-fabricated tubes 
for analogs. The reason for the contradiction in this 
study’s results can be due to the lack of equalization 
of the volume of splint material and the volume of 
gypsum used.

Mahshid and Eftikhar Ashtiani24 showed that the 
four impression techniques (including a pre-fabricat-
ed porous tray [closed tray technique] with splinting 
and without splinting, and a pre-fabricated porous 
perforated tray [the open tray technique] with splint-
ing and without splinting) had no significant differ-
ences in terms of the effect on the dimensional ac-
curacy of the final cast. None of the four impression 
techniques had accurately reconstructed the position 
of the points determined on the original laboratory 
model on the final casts in dimensions X, Y, and Z, 
as well as the spatial position of the points. They also 
reported that auto-polymerizing acrylic resin did not 
have a significant effect on increasing the dimension-
al accuracy of the final casts. Therefore, they recom-
mended using the non-splint method due to its ease 
of implementation and low treatment costs. In this 
study, despite the high accuracy of the operator, the 
contradiction of the results mentioned above with 
the results obtained from our experiment could be 
attributed to the lack of attention to the polymeriza-
tion shrinkage of the resin used during the splinting 
of impression copings and dimensional changes in 
gypsum.

One of the limitations of the present study was the 
elasticity and putty nature of the indexes related to 
the splint materials. Making the material of these in-
dexes harder will increase the accuracy of splints.

Conclusion
This study showed that impression taking by con-
necting the impression copings and using auto-po-
lymerizing acrylic resin had the highest accuracy. 
For splinting impression copings before impression 
making, the splint method without cutting should 
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be used if an auto-polymerizing acrylic resin is used. 
Moreover, the splint method with cutting-and-re-
connecting should be used if a light-cured resin pat-
tern is used.
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