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Abstract:  
Bone-level implants were strategically positioned in the lower premolar and molar regions to create a master model using clear epoxy 
resin and the control group consisted of non-hex abutments alongside UCLA castable hex abutments for casting setup. Therefore, it is 
of interest to compare the positional accuracy of implants abutments using three different impression methods: closed tray, closed 
tray with snap cap and closed tray with clip-on. Subsequently, ten impressions per technique (totaling 30 samples) were made using 
addition silicone and dental stone casts were then produced and their accuracy was evaluated using a three-dimensional model 
scanner. The data obtained from this analysis underwent statistical processing through Geomagic software, along with analyses 
conducted in Microsoft Excel and SPSS version 22. Thus, data shows the critical importance of positional accuracy, revealing 
significant difference among the three techniques, with the closed tray with clip-on techniques achieving superior accuracy, 
especially for hex groups emphasizing the significance of precise impressions for successful implant prostheses. 
 
Keywords: Implant impression technique accuracy, closed tray impression technique, direct transfer, snap on, clip on, hex abutment, 
3D model scanner, geomagic software 

 
Background: 
In the contemporary dental setting, patient expectations have 
become more complex [1]. Progress to meet those demands and 
achieve higher treatment goals has occurred in dentistry over the 
last 10 years [2]. Dental implants are a particularly interesting 
therapeutic innovation, having evolved in the years since 
Brånemark's work [3]. Implant therapies have recently been 
successful in minimizing the limited efficacy of traditional 
prosthetic therapies and offered patients a best practice method 
of operation and they have also been developed to meet their 
psychosocial needs [4]. Though the efficacy of dental implants 
has been tested in the treatment of edentulous and partially 
edentulous disorders, success largely determines their success 
[5]. Of all of these, it is evident the impression process used to 
create implant prostheses is essential for the best treatment 
outcomes [6]. Implant dentistry provides successful applications 
in a variety of restorative challenges, including single tooth 
replacement but not limited to, full arch reconstruction and even 
stabilization of loose denture [7]. Nevertheless, good fit of 
prosthesis (also known as passive fitness) was a biomechanical 
problem due to the heterogenic interactions among the implants, 
the bone structure and the prosthetic elements [5]. In the past ten 
years, many impression techniques have been developed for 
implantation therapy and the implant supportive prosthesis 
were developed in the form of different impression techniques 
that offer benefits and drawbacks that depend on the nature of 
the clinical situations [8]. Biomechanics is focused primarily on 
achieving passive fitness, which includes precise clinical and 
laboratory procedures that enable the prosthetic fitting as well as 
bone regeneration surrounding the implant [6]. The impression 

technique should represent the soft-tissue support and implant 
component positioning and consider resiliency factors between 
the prosthesis and mucosa [9]. As appropriate impressions affect 
the prosthesis directly, impressions are the most critical [4]. 
During the impression process, imprecisions can cause misfits, 
unequal force distribution and prosthesis-related complications, 
such as loosening the abutment screw and occlusal incongruities 
[9]. Impressions for implant were based on two major 
approaches: implant-level and abutment-level impressions [3]. 
These alternatives may vary, depending on the specific 
abutment used [10]. Abutment-level impressions are made if 
abutments are connected to the implants directly [11]. On the 
other hand, implant-level impressions are obtained by attaching 
standardized implant-level impression copings directly to the 
implants prior to taking their measurements [3]. This impression 
technique does not fit all; each has its own advantages, 
disadvantages, restrictions and limitations [12]. Therefore, it is of 
interest to describe the positional accuracy of implants 
abutments using three distinct closed impression techniques: 
closed tray with direct transfer, closed tray with snap-on transfer 
and closed tray with clip-on transfer using impression analogs 
and transfer analogs from Norris implant systems. 
 
Methodology: 
Fabrication of master model: 

A mandibular dentulous cast was created, with the first molar 
and second premolar on the right side missing. A wax model 
was made from them an in cast using alginate impression 
material. Two vent holes were created in the area of the lost teeth 
and filled with implants, which were secured. Open tray 
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impression analogues were placed inside the implants for taking 
impressions. An open tray for implant impression was fabricated 
from self-curing polymerizing resin. Clear epoxy resin was 
poured into the impression and trimming and polishing were 
done after it set. The placement of impression copy is illustrated 
in Figure 1. 
 
Statistical analysis: 
The comparison of positional accuracy among groups in hex 
and non- hex configurations across X, Y and Z axes, as well as 
root mean squares (RMS) values was performed using kruskal 
- Wallis ANOVA.  
 
Bar fabrication: 

Two sets of castable abutments, including hex and non-hex 
UCLA abutments for a 4.2 mm diameter, were incorporated into 
a cobalt chromium bar. The UCLA castable attachments were 
inserted within the implants and secured with fixation screws. 
The bar connecting the castable abutments was waxed up. The 
waxed complex was unscrewed and prepared for investment. 
The investment processes included apply in surfactant spray and 
investing the pattern in phosphate-bonded investment. After 
setting, the wax was removed using a thermal expansion process 
and the investment was produced using an induction casting 
machine with cobalt chromium alloy. The cast bar was removed 
from the investment, cleaned, cut and polished and then 
attached to the implants. 
 
Fabrication of sample model: 

Thirty impressions were produced, with ten created for each of 
the three closed tray techniques: direct impression transfer, snap 
cap impression transfer and clip-on transfer. For the closed tray 
impressions, dentulous perforated mandibular stainless steel 
stock trays were used in conjunction with vinyl polysiloxane 
impression material. The double-mix technique was applied 
during the impression-taking process. Each sample utilized 
closed tray transfers along with implant analogues, followed by 
pouring die stone into the impressions. This procedure was 
consistently repeated across the three different impression 
techniques, yielding a total of ten samples for each method. The 
impression techniques for snap–cap and clip-on methods are 
shown in Figure 2 and Figure 3. 
 

Study design: 
This research is a comparative cross-sectional study 
 
Study setting: 
The investigation took place in the Department of 
Prosthodontics &Implantology at Sree Mookambika Institute of 
Dental Sciences located in Kulasekharam, Tamil Nadu, as well as 
at Saveetha University in Chennai. 
 
Inclusion criteria: 
Impressions were taken using three distinct techniques to create 
casts. 
 

Exclusion criteria: 
Damaged cast models and analogues were excluded. 
 
Detailed description of groups: 
Control group:  
Master model with engaging and non-engaging cast bar 
assembly. 

[1] Group 1: 30 conventional scan casts obtained from 
closed tray impression techniques using direct 
impression transfer, snap cap impression transfer, and 
clip-on impression transfer with engaging cast bar 
assembly. 

[2] Group 2: 30 conventional scan casts obtained from 
closed tray impression 
techniquesusingdirectimpressiontransfer,snapcapimpre
ssiontransfer,clip-onimpression transfer with non-
engaging cast bar assembly. 

 
Procedure analysis of accuracy using medit scanner: 
The master model was scanned using a MeditT170 High 
Accuracy Model Scanner with both UCLA hex and non-hex 
cast bar assemblies. A total of 60scans were used for the 
analysis.  The scanning procedure is illustrated in Figure 4. 
 
Superimposition using geomagic wrap software: 

3D scan data was processed using Geomagic Wrap software 
to create accurate CAD models. Each cast scanned by the 
scanner was added to the main model scan using the 
software. Overall, this methodology is comprehensive and 
well-documented, providing a clear outline of the steps taken 
in the study. The superimposition process is shown in Figure 

4.  

 

 
Figure 1: Impression copy  
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Figure 2: Snap–cap impression 
 

 
Figure 3: Clip-on method impression 
 

 
Figure 4: Scanning and superimposition process 
 
Results: 
Evaluation of spatial coordinates across the X, Y, and Z axes 
and Root Mean Square Estimates among CT, SNAP, and CLIP 
groups, revealing significant statistical variations (p < 0.01) 
across both Hex and Non-Hex configurations. In the Hex 
cohort, CT exhibits the highest mean values along the X 
(88.07) and Y (68.89) axes, while SNAP yields the highest Z-
axis mean. Conversely, in the Non-Hex cohort, CLIP 
dominates the Z-axis mean rank. For the Root Mean Square 
Estimate, both configurations show an identical, statistically 
significant trend where CT maintains the highest error 
estimate and CLIP registers the lowest. The results of these 
comparisons are presented in Table 1 and 2.

Table 1: Mean comparison between groups sat all dimension sin Hex using Kruskal wall is ANOVA 

Hex Group Mean Std. D. Minimum Maximum Mean Rank Chi- Square value p-value 

  CT 88.07 0.43 87.53 88.67 25.5     
  SNAP 68.03 0.27 67.56 68.08 15.5     
X-axis CLIP 65.19 0.17 64.31 65.5 5.5 27.16 0.001** 
  CT 68.89 2.37 68.43 71.2 25.5     
  SNAP 58.79 2.28 54.54 64.47 14     
Y-axis CLIP 55.17 1 51.31 60.55 7 23.499 0.001** 
  CT 25.12 0.26 24.44 25.46 13.2     
  SNAP 31.72 2.92 29.52 39.93 24.5     
Z-axis CLIP 55.17 2.28 51.31 60.55 8.8 17.665 0.001** 
ROOT MEAN SQUARE ESTIMATE CT 1.85 0.28 1.28 2.25 21.6     
  SNAP 1.66 0.22 1.51 1.83 15.6     
  CLIP 1.49 0.1 1.14 1.88 9.3 9.763 0.008* 

 
Table 2: Mean comparison between group sat all dimension sin non-Hex using Kruskal wall is ANOVA 

Non-Hex Group Mean Std. D. Minimum Maximum Mean Rank   p-value 

  CT 89.01 0.21 88.94 89.61 25.5     
  SNAP 72.16 0.26 71.84 72.79 11.5     
X– axis CLIP 71.67 1.2 69.89 73.58 9.5 20.44 0.001** 
  CT 66.12 1.22 64.94 66.25 25.5     
  SNAP 58.88 0.85 56.95 59.36 14.4     
Y-axis CLIP 57.35 0.41 54.34 58.6 6.6 24.26 0.001** 
  CT 27.15 0.43 27.02 28.38 14.6     
  SNAP 26.99 2.23 25.75 31.11 9.7     
Z-axis CLIP 30.82 3.46 23.02 34.07 22.2 10.68 0.005* 
ROOT MEAN SQUARE ESTIMATE CT 1.86 0.23 1.53 2.11 22.6     
  SNAP 1.51 0.28 1.29 1.65 12.5     
  CLIP 1.48 0.14 1.07 1.89 11.4 9.837 0.007* 
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Discussion: 

Fabricating prostheses involves a crucial step for obtaining 
accurate replica of the patient's mouth [2]. Various approaches 
and materials have been utilized over the years, each with their 
benefits and limitations [12]. It all depends on the form or 
specification of the prosthesis and good selection improves 
predictability [1]. For implant prostheses, maintaining a passive 
fit is very important for long-term effectiveness [5]. Guo et al. 
results of studies highlight the role of prosthesis misfit in the 
stability of implants [11]. Results obtained for open and closed 
tray strategies reveal different outcomes [8]. Although the use of 
open tray techniques often reduces errors, many studies point 
out the success with open tray techniques, especially for those 
with multiple implants [6]. However, closed tray techniques 
have their pros, like the benefits in patients with limited mouth 
opening [3]. This article aims to cross-reference with the 
methods of conventional closed tray implant impression 
(standard closed tray transfer, closed tray with snap-on, closed 
tray with clip-on) [7]. The Norris implant system is analyzed 
and the positional accuracy is determined [5]. The clip-on 
technique is considered being most accurate of all, possibly 
impacting the success of new prosthesis. In Group 1 (Hex 
abutments) and Group 2 (Non-Hex abutments), the clip-on 
technique shows an overall superior accuracy. The study 
highlights the fundamental importance of the accurate 
impression analogue choice for the success of prosthesis [9]. 
Statistical evidence favours clip-on method to direct conveyance 
and snap-on transference in either arm [7]. For the future, the 
study recommends adding digital impressions with new 
generation of intraoral scan technology [12]. High resolution 
scanners and technologies have developed and enable that the 
processes are simplified to provide accurate models. The 

limitations of the study are that, it is an in vitro study and hence 
does not fully replicate intraoral structures. 
 
Conclusion: 
We show the closed tray impression technique with clip on 
impression coping is more accurate than closed tray 
impressions made with the snap on and closed tray technique 
with direct transfer technique for both hex and non-hex 
castable abutments. There might be certain in accuracies in 
closed tray with direct transfer due to transfer of coping to 
impression. 
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