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Abstract
Background. Several studies have assessed the accuracy of the indirect snap-on impression technique. 
However, some impression techniques that utilize plastic snap-on impression copings have not yet been 
investigated.

Objectives. This study aimed to assess the three-dimensional (3D) accuracy of innovative implant-level 
impression techniques with plastic impression copings and the splinted open-tray technique with metal 
impression copings. 

Material and methods. This in vitro study used a reference model of the mandible with 4 parallel den-
tal implants. Forty impressions were made with polyether impression material, using the splinted open-
tray technique with metal impression copings (SOM group), the non-splinted closed-tray technique with 
snap-on impression copings (NCS group), the non-splinted open-tray technique with snap-on impres-
sion copings (NOS group), or the splinted open-tray technique with snap-on impression copings (SOS 
group); n = 10 per group. Linear discrepancies in the inter-implant distances on the obtained casts were 
determined in the X, Y and Z axes with the use of a coordinate measuring machine. Subsequently, the 3D 
accuracy of each impression technique was calculated. Data was analyzed by means of  the one-way analysis 
of variance (ANOVA) followed by Tukey’s post-hoc tests.

Results. Among different impression techniques, the amount of linear discrepancy was significant only 
for the Z axis. The SOM, NOS and SOS groups showed less discrepancy in this axis as compared to the NCS 
group (p < 0.001). A significant difference was also noted in 3D discrepancy (p = 0.022), with the SOM 
group showing a significantly higher discrepancy as compared to the SOS group (p = 0.016).

Conclusions. The 3D accuracy of the implant-level splinted open-tray impression technique with plastic 
snap-on impression copings was significantly higher than that of the splinted open-tray technique with 
metal impression copings.
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Introduction
Dental implants are currently a  common treatment 

option for completely or partially edentulous patients.1 
The success rate of  dental implant treatment is approx. 
97–99%.2 Nonetheless, the risk of failure still exists, which 
is mainly due to incorrect surgical or prosthetic approaches.2 
Achieving a passive fit is a fundamental goal for implant-
supported prostheses, and it is a  prerequisite for the 
preservation of osseointegration.3,4 However, it has been 
suggested that obtaining a  prosthesis with an  absolute 
passive fit is impossible in practice.5 Evidence shows that, 
unlike natural teeth, dental implants have highly limited 
mobility (~10 µm) due to the absence of the periodontal 
ligament.6 This means that any misfit in superstructures 
can result in applying loads to the implant, causing the 
accumulation of  tension and subsequent complications, 
including screw loosening, screw fracture, implant frac-
ture, prosthetic framework fracture, veneer fracture, or 
even osseointegration loss.7,8

Errors in any step of the fabrication of implant-supported 
restorations can affect the passive fit. However, many 
of these errors can be avoided by dental clinicians. Precise 
impression-making and the three-dimensional (3D) simu-
lation of the intraoral implant or abutment positions on 
a master/working cast are critical steps for the long-term 
success of prosthetic restorations.5,9,10 A number of  fac-
tors can affect the accuracy of  impressions, such as the 
impression technique,11 the splinting of impression cop-
ings,12,13 the number of implants,14 the angulation of the 
implant or the abutment,15 the type of  impression ma-
terial,16 the type of  implant connection,17 and the depth 
of implant placement.18

Impressions can be performed at the implant level or 
the abutment level, and can be made directly (the open-
tray or pick-up technique) or indirectly (the closed-tray 
or repositioning technique). Many studies have evaluated 
and compared impression techniques in fully or partially 
edentulous patients.5,16,19,20 According to a  systematic 
review, in both completely and partially edentulous pa-
tients, the splinted and open-tray impression techniques 
have a higher accuracy than the non-splinted and closed-
tray impression techniques.21

At present, the manufacturers of  implant systems have 
introduced various components to enhance impression 
techniques and increase their accuracy. However, evidence 
supporting the effectiveness of these components is limited. 
To minimize the frequency of  tightening the abutments, 
many implant systems have introduced plastic snap-on im-
pression copings for abutment-level impressions,19 which 
can also be used for implant-level impressions. Some stu-
dies have evaluated the accuracy of these impression copings, 
reporting conflicting results.3,4,11,19,22–27 In some implant 
systems, plastic impression copings have a  unique pro-
perty that enables the passage of a guide pin through them. 
Thus, these systems also allow for open-tray impressions, 

and can potentially be applied as an  alternative to other 
implant impression techniques. To date, no previous study 
has assessed the accuracy of  this modified impression 
technique. Thus, the purpose of this study was to compare 
the 3D accuracy of different innovative implant-level im-
pression techniques, namely the non-splinted closed-tray 
technique, the non-splinted open-tray technique, and the 
splinted open-tray technique with plastic snap-on or metal 
impression copings. The null hypothesis was that no dif-
ferences in the 3D accuracy of these different impression 
techniques would be found.

Material and methods
This in vitro experimental study evaluated 4 implant-

level impression techniques: the splinted open-tray tech-
nique with metal impression copings (SOM group); the 
non-splinted closed-tray technique with snap-on impres-
sion copings (NCS group); the non-splinted open-tray 
technique with snap-on impression copings (NOS group); 
and the splinted open-tray technique with snap-on impres-
sion copings (SOS group). Ten impressions were made with 
each technique (n = 10). The working casts were poured 
and the inter-implant measurements were made separately 
on each cast. The discrepancies between the measured values 
and the actual values measured on the reference model 
were calculated and statistically analyzed.

For the fabrication of the reference model, several lay-
ers of  sticky wax were applied on the edentulous ridge 
of  an  edentulous model of  the mandible to obtain ade-
quate ridge diameter and height for implant placement. 
Next, it was flasked and auto-polymerizing acrylic resin 
(Technovit® 4000; Heraeus Kulzer GmbH, Wehrheim, 
Germany) was used for the fabrication of the model. Four 
holes, at a distance of 10 mm from each other, parallel to 
each other and perpendicular to the horizontal plane be-
tween the 2 mental foramina were created in the reference 
model. Bone-level dental implants (Dio® SM-submerged; 
Dio Corporation, Busan, South Korea) with Torx® in-
ternal connections, measuring 4.5  mm in diameter and 
12 mm in length, were fixed in place by means of auto-
polymerizing acrylic resin (Technovit 4000). A surveyor 
was used for the parallel insertion of the dental implants.

To ensure the accurate and reproducible positioning 
of  the special tray, 3 stops were created in the land area 
of  the reference model. The transfer copings were tight-
ened onto the implants, and then a  primary impression 
was made with a  prefabricated tray, using condensation 
silicon putty and light material (C-silicone Speedex®; 
Coltène/Whaledent AG, Altstätten, Switzerland). The 
primary impression was poured with type IV dental stone 
(GC Fujirock® EP; GC America Inc., Alsip, USA). A pri-
mary cast was fabricated as such for the fabrication of the 
special tray. Forty special trays (n = 10 for each impres-
sion technique) were fabricated on the primary cast with 
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the use of  light-polymerized acrylic resin (Megatray™; 
MEGADENTA Dentalprodukte GmbH, Radebery, 
Germany). All trays had a thickness of 2 mm and an internal 
space of 3 mm. The trays were perforated at 1-centimeter 
intervals. Fifteen minutes prior to impression-making, 
tray adhesive was applied on the internal surface of  the 
trays and 5 mm around the tray borders.16

For the SOM technique, the metal open impression cop-
ings (regular Torx pick-up impression copings, SIP 4813T; 
Dio Corporation) were first tightened on the reference 
model implants with a  torque of  10  Ncm. Auto-polym-
erizing acrylic resin (Pattern Resin™; GC Corporation, 
Tokyo, Japan) and dental floss were used for the splinted 
techniques. To ensure the standardization of  the shape 
and amount of the splint material used for each impres-
sion, a  silicon putty index was made. Next, the acrylic 
resin was mixed and packed in the index, and the impres-
sion copings were attached. After 17  min and ensuring 
an adequate setting of the acrylic resin, the attachments 
were separated with a disk. After 24 h, the space was filled 
with a minimum amount of fresh acrylic resin by means 
of a brush head and it was allowed to set (Fig. 1). Direct 
impressions were then made so that the impression mate-
rial was injected into the tray and around the copings. The 
tray was then placed over the reference model. An ade-
quate amount of time was allowed for the setting of the 
impression material, as outlined in the manufacturer’s in-
structions. Next, the guide pins were removed from the 
implants and the tray, and the splinted impression cop-
ings were removed from the reference model. Eventually, 
the implant analogs were connected to the copings with 
the help of the guide pins and the impression was poured.

For the other techniques (snap-on), the abutments 
(Dio SM cemented abutments; Dio Corporation), 4.3 mm 
diameter and with a 1-millimeter cuff, were attached to 
the implants with a  torque of  10  Ncm, and for making 
impressions with the abutments, plastic snap-on impres-
sion copings (regular impression caps, SASI 4810(II); 
Dio Corporation) were used. These snap-on copings were 
uniquely designed to enable the passage of  a  guide pin 
through them. In the case of the NCS technique, the plastic 

snap-on impression copings were placed on the abut-
ments (Fig. 2) and an indirect impression of the assembly 
was made. In the NOS and SOS techniques, the plastic 
snap-on impression copings were used for direct impres-
sions. For this purpose, the abutments, along with the 
plastic impression copings, were placed on the implants, 
and then a  guide pin was used to tighten the abutment 
and impression coping assembly (Fig. 3). In the SOS tech-
nique, unlike in the NOS technique, splinting was per-
formed, as described for the 1st technique (Fig. 4).

Fig. 1. Splinted open-tray technique with metal impression copings (SOM). 
The impression copings were splinted with auto-polymerizing acrylic resin

Fig. 4. Splinted open-tray snap-on technique (SOS). The abutment–plastic 
impression coping assembly was tightened to the model with a long 
guide pin and splinted with auto-polymerizing acrylic resin

Fig. 3. Non-splinted open-tray snap-on technique (NOS). The abutment–
plastic impression coping assembly was tightened to the model with 
a long guide pin

Fig. 2. Non-splinted closed-tray snap-on technique (NCS). The abutments 
were tightened on the model and the plastic impression copings were 
placed over them
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All impressions were made using polyether elastomeric 
impression material (Impergum™; 3M ESPE, St.  Paul, 
USA) by an  experienced technician in a  temperature-
controlled environment. A 1.5-kilogram metal block was 
used for standard load application to each tray during 
the polymerization of the impression material.22 To simu-
late intraoral conditions, the impressions were set in dis-
tilled water at 37 ±2°C. The impressions were poured 
after 2–3 h with type IV dental stone (GC Fujirock EP) at 
a 30 g/7 mL ratio, according to the standard technique.16 
Prior to the removal of the impression from the cast, the 
casts were allowed to set for 2  h. One technician per-
formed all laboratory procedures and new pieces were 
used for each impression. To achieve dimensional stabi-
lity, the casts were stored for 7 days prior to measure-
ments.26

All 40 casts were analyzed in terms of  3D accuracy 
with a  coordinate measuring machine (Miracle Series 
CMM; Qingdao Leader Metrology Instruments Co., Ltd., 
Qingdao, China) connected to a computer. After ensuring 
the calibration of the device, all measurements were made 
by a researcher blinded to the group allocation of the casts 
(different impression techniques). The measurements 
on each cast were performed in triplicate and the mean 
values were calculated. The measurements were made 
according to Buzayan et al.28; the implants were numbered 
1–4 from left to right. The center of  each implant was 
determined by the coordinate measuring machine probe 
touching 4 points at the periphery of its external margin. 
The center of implant #1 was considered as the reference 
point for all measurements in the X, Y, and Z axes. A hypo-
thetical line passing through the centers of  implants 
#1  and #4 indicated the Y axis. The distance between 
the center of each implant and that of implant #1 in the 
X and Y axes, and the vertical distance between the planes 
of each implant relative to implant #1 were measured to 
determine the inter-implant distances in the Z axis. The 
discrepancies between the measured values and the cor-
responding values on the reference model were calculated 
(∆X, ∆Y and ∆Z). The mean values of the discrepancies 
for each implant in each of the X, Y and Z axes were then 
calculated for each cast. The following formula was used 
to calculate the 3D discrepancy value for each implant 
(Equation 1):

         (1)

where:
d – 3D discrepancy;
Xr, Yr, Zr – inter-implant distances relative to the refer-
ence point in the reference model; and
Xi, Yi, Zi – inter-implant distances relative to the refer-
ence point on the master cast.
Next, the mean spatial position of each cast was calcu-

lated. The data was then statistically analyzed.

Statistical analysis 

The Shapiro–Wilk test confirmed a  normal distribu-
tion of  the data. Thus, the one-way analysis of variance 
(ANOVA) followed by Tukey’s post-hoc tests were used 
to compare the mean linear discrepancies in each of the 
X, Y and Z axes, and the 3D discrepancies between dif-
ferent impression techniques. The level of  significance 
was set at 0.05. In data analysis, since deviation in any di-
rection is equally unacceptable, all distortion values were 
considered ‘positive’.28,29

Results
Table 1 shows the means (M) and standard deviations 

(SD) of the linear discrepancies in each of the X, Y and Z 
axes, and the 3D discrepancies for different impression 
techniques. The overall analysis showed significant dif-
ferences in the 3D discrepancy values (p = 0.022) and the 
linear discrepancy values (p < 0.001) in the Z axis between 
different impression techniques, whereas differences for the 
X and Y axes were not significant (p = 0.055 and p = 0.080, re-
spectively). In the Z axis, the discrepancy values in the SOM, 
NOS and SOS groups were significantly lower as compared 
to the NCS group (p < 0.001). In terms of 3D discrepancy, 
the SOM group showed the maximum and the SOS group 
showed the minimum discrepancy, and the difference be-
tween these 2 groups was statistically significant (p = 0.016).

Discussion
Accurate implant impression-making and the sub-

sequent fabrication of  a  precise master cast are critical 
steps for achieving a  passive fit and minimizing clinical 
complications.16 Thus, many attempts have been made to 
introduce novel impression techniques. This study evalu-
ated modified impression techniques using plastic snap-
on impression copings. The results revealed significant 
differences in the 3D accuracy of different implant-level 
impression techniques with plastic snap-on and metal im-
pression copings. Thus, the null hypothesis of the study 
regarding the absence of a significant difference in the 3D 
accuracy of master casts fabricated by means of different 
impression techniques was refuted.

Many factors, i.a., the type of impression material, can 
affect the accuracy of  impression techniques.16 In this 
study, polyether impression material was used for all im-
pressions. Polyether impression material has excellent 
properties, such as a  high tear resistance, the favorable 
reconstruction of details, a high accuracy, and excellent 
dimensional stability, which make it suitable for dental 
implants.3 Nonetheless, some studies have reported no 
differences in accuracy between polyether and polyvinyl 
siloxane impression material for implant impressions.30,31
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Although splinting in impression-making is time-
consuming, it can transfer the inter-implant relationship 
to the cast more accurately and prevent the rotation of im-
pression copings.32 Various materials, such as impression 
plaster, polyether, light-polymerized composite resin, and 
auto-polymerizing acrylic resin with or without dental 
floss, are used for splinting; however, auto-polymerizing 
acrylic resin is most commonly used for this purpose.11 
A previous work has shown that the volumetric shrinkage 
of acrylic resin is 7.9% in the first 24 h, 80% of which oc-
curs in the first 17 min after mixing at room temperature.33 
Thus, it is recommended to fabricate the splint 1 day prior 
to impression-making.6,34 Also, it is recommended to cut 
the fabricated splint after setting and reattach it again 
with the same material to minimize volumetric shrink-
age.35 In this study, auto-polymerizing acrylic resin and 
dental floss were used for the splinted techniques. Also, 
since the shrinkage is proportionate to the amount of resin, 
the thickness of  the splint bar was standardized using 
a silicon mold.11,28

Many studies have assessed the accuracy of implant im-
pressions with the use of a Vernier caliper, a micrometer, 
a  strain gauge, or a  measuring microscope, which only 
enable two-dimensional (2D) measurements and cannot 
specify the direction of  distortion.36–38 Thus, a  coordi-
nate measuring machine was used in the current study, 
as  it has a high accuracy and reproducibility, and is less 
dependent on the operator as compared to other me-
thods.26 Moreover, we used the “relative” distortion 
analysis suggested by Buzayan et al.,28 which allowed for 
the inter-implant distances to be measured linearly and 
three-dimensionally relative to implant #1.

According to the current results, the implant-level 
splinted open-tray snap-on impression technique was 
significantly more accurate than the splinted open-tray 
technique with metal impression copings. As mentioned 
earlier, no previous study has compared these 2 impres-
sion techniques, and thus there is no previous work to 
compare our results with. However, many studies have 
compared the accuracy of  indirect snap-on and direct 
impression techniques with metal impression copings. 
In the current study, the 2 abovementioned impression 
techniques showed no significant difference in the 3D 
accuracy of  the casts, which is in line with the findings 
of some previous research.3,4,19,24,26 However, some differ-
ences exist in the methodology and the techniques em-
ployed across these studies.

Nakhaei et al. found that the implant-level snap-on im-
pression technique had similar 3D accuracy to the open-
tray technique.4 These authors used the non-splinted 
open-tray technique and a  specific implant-level im-
pression coping for the snap-on impression technique.4 
Similarly, Teo et al. showed that the 3D accuracy of  the 
abutment-level snap-on impression technique was com-
parable to that of  the implant-level non-splinted direct 
technique when the inter-implant angulation was lower 
than 15°.19 According to the results of Akça and Cehreli, 
the angular and positional accuracy of  the snap-on 
closed-tray technique with a  stock tray and polyvinyl 
siloxane impression material was similar to that of  the 
non-splinted open-tray technique with metal impression 
copings and polyether impression material.24 In a study by 
Wegner et al., the 3D accuracy of the snap-on technique 
was comparable to that of  the non-splinted direct tech-
nique.26 Alikhasi et al. evaluated the 3D accuracy of  the 
abutment-level snap-on impression technique and the 
implant-level open-tray and closed-tray techniques for 
a three-unit fixed partial denture.3 It was found that the 
magnitude of  displacement in the X, Y and Z axes was 
similar for those different techniques, while the angular 
displacement was greater in the snap-on technique.3

Some studies have also reported contradictory results. 
Walker et al. observed that the 3D accuracy of the indirect 
impression technique with metal impression copings was 
higher than that of  the impression technique with plas-
tic impression caps at the implant level or the abutment 
level.23 Tsagkalidis et al. studied the 3D accuracy of the in-
direct snap-fit techniques (impression copings along with 
impression caps) and the splinted and non-splinted direct 
techniques, and reported that the splinted impression 
technique provided maximum accuracy, while the snap-fit 
indirect technique showed minimum accuracy.11 A study 
by Izadi et al. was among the limited studies that, simi-
lar to the current study, used the snap-on technique and 
the respective abutment for the implant-level impression; 
however, the authors used the closed-tray technique.22 
That study showed that the accuracy of the snap-on tech-
nique was lower than that of the non-splinted open-tray 
technique and similar to that of the closed-tray technique 
with metal impression copings.22 Fernandez et al. showed 
that the comparison of impression techniques would yield 
different results for different implant systems.25 For ex-
ample, with the use of  the Straumann® implant system, 
metal impression copings yielded a higher accuracy than 

Table 1. Linear and three-dimensional (3D) discrepancies [mm] for the 4 impression techniques (n = 10)

Impression technique X axis Y axis Z axis 3D

SOM 0.229 ±0.152 0.137 ±0.106 0.017 ±0.017 0.280 ±0.165

NCS 0.164 ±0.115 0.096 ±0.082 0.075 ±0.044 0.221 ±0.119

NOS 0.146 ±0.082 0.096 ±0.087 0.014 ±0.009 0.187 ±0.098

SOS 0.125 ±0.071 0.057 ±0.061 0.023 ±0.014 0.149 ±0.076

Data presented as mean ± standard deviation (M ±SD).
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the snap-on technique, while with the use of NobelReplace® 
implant system, no difference was detected between dif-
ferent impression techniques. Thus, impression tech-
niques should be evaluated with regard to different im-
plant systems.25

The current results revealed no significant differences 
in the 3D accuracy of different snap-on impression tech-
niques. The difference between the open-tray and closed-
tray snap-on techniques was not significant, and splinting 
did not yield a higher accuracy. Several studies have com-
pared the accuracy of the open-tray and closed-tray im-
pression techniques, reporting conflicting results. A sys-
tematic review by Kim et al. evaluated relevant articles 
published in 1990–2013.20 Of the retrieved articles, most 
supported the open-tray technique, and only one study 
supported the use of  the closed-tray technique.20 Other 
studies found no significant differences between the 
2 techniques. Several studies have also evaluated the ef-
fect of splinting on the accuracy of impressions, reporting 
conflicting results. However, the majority of them noted 
that the splinting of impression copings yielded superior 
results.5,20,39,40 The current results are in line with stu-
dies that found no significant differences in the accuracy 
of the implant-level splinted and non-splinted impression 
techniques for a complete dental arch.41–43 The discrepan-
cies across studies may be due to differences in the study 
design, the number of  implants, the implant system or 
the impression material used, splinting, the choice of the 
implant-level or abutment-level impression, the opera-
tor’s expertise, the implant angulation, and dental stone 
expansion.11,28 However, it should be noted that no study 
compared the open-tray and closed-tray or splinted and 
non-splinted snap-on techniques. This can largely explain 
the differences in results.

Limitations 

One limitation of  the current study is the assessment 
of the accuracy of the impression techniques in the paral-
lel placement of implants in the reference model, which is 
an ideal situation. Different results may be obtained with 
the angulated placement of implants, as the effect of the 
implant angulation on the impression accuracy has been 
previously confirmed.20 On the other hand, factors such 
as temperature, moisture and saliva in the oral cavity, 
which could not be simulated in this in vitro study, might 
affect the results. Moreover, the reference model used in 
this study was rigid and made of  acrylic resin, different 
from flexible intraoral soft tissues, which easily undergo 
distortion upon load application. Due to the different na-
ture of tissue undercuts in the oral cavity in comparison 
with the in vitro setting, load, the direction of the removal 
of  the impression tray and its subsequent distortion in 
vitro are different from the clinical setting. Thus, long-
term in vivo studies are required to obtain more accurate 
results.

Conclusions
Within the limitations of this in vitro study, it may be 

concluded that in a  completely edentulous dental arch 
with 4 parallel dental implants, the 3D accuracy of differ-
ent snap-on impression techniques (non-splinted closed-
tray, non-splinted open-tray and splinted open-tray) is 
the same. However, the implant-level splinted open-tray 
impression technique with plastic snap-on impression 
copings showed a significantly higher accuracy than the 
splinted open-tray impression technique with metal im-
pression copings. 
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