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ABSTRACT 

Considering the effects of different impression-taking techniques on the dimensional accuracy of the final cast and controversies over the 

best technique in implant dentistry, the present study was undertaken to evaluate the effects of three different open-tray impression 

techniques on the dimensional accuracy of final casts for implants. A two-piece metallic index was prepared and a patient’s jaw was 

simulated by placing self-cured acrylic resin in the lower part of the index. Then 2 holes were produced in the acrylic resin at a specific 

distance from each other, and the analogs were placed in these holes. Three different open-tray impression techniques were evaluated 

using the upper segment of the index, which mimicked the specific tray. The dimensional accuracy of the casts was evaluated by 

comparing the distances between the predetermined points on the implant analogs and the positions of the points with similar distances 

on the master model. A digital caliper (accurate to 0.01 mm) was used to measure the distances. The differences in the measurements on 

the final casts were analyzed with SPSS 16, using Kruskal-Wallis test. Post hoc Mann-Whitney U test was used for two-by-two 

comparisons. There was a significant difference between the group in which the analogs and impression copings were not splinted and 

the group with impression coping splinting without analog splinting and the group with simultaneous splinting of the impression copings 

and implant analogs, in relation to distances between similar points on the master model. In this context, the second and third techniques 

better reconstructed the positions of the points. Splinting of impression copings with Duralay acrylic resin prevented the movement of 

impression copings during the impression-taking procedure and despite an increase in the accuracy of impression taking during splinting 

of analogs by Duralay acrylic resin, the increase in accuracy was not significant statistically; therefore, splinting of the impression 

copings without splinting of the analogs is recommended due to an increase in impression-taking accuracy and facilitation of laboratory 

procedures. 
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1. INTRODUCTION 

 The advent of dental implants led to a revolution in the 

field of dentistry, promoting complete or partially edentulous 

patients to use dental implants to compensate edentulism. 

Widespread research has been undertaken to increase the 

longevity of dental implants. One of the study fields in this context 

is to increase the adaptation accuracy of implant-supported 

prostheses and the accuracy of impression making, which include 

improvements in clinical restorative techniques and ensuring the 

quality of the techniques and materials in different steps of 

fabrication of implant-supported prostheses [1-3]. 

 The first step in the fabrication of import-supported 

prostheses is to accurately register the 3D position of implants in 

the oral cavity, which is achieved through the impression-taking 

procedure [4,5]. The accurate transfer of the position of implants 

to casts depends on several factors, including the type of the 

material used for impression taking, the position and angulation of 

implants, the accuracy of the connection of analogs to the 

impressions, the type of the stone used and the technique used to 

prepare the stone cast [6,7]. 

 Each implant has a specific impression coping which can 

be used for accurate registration of implant position and its 

transfer to the cast. Transferring the impression coping along with 

the impression tray from the patient’s oral cavity is an important 

and vital step inaccurate registration of the position of the implant 

[8]. 

 Of all the impression-making techniques introduced to 

date, open tray and closed tray techniques have received more 

attention and emphasis [8]. 

 Researchers who support the closed tray technique believe 

that seating of copings within the impression material out of the 

oral cavity increases visibility and access [9]. The chief 

disadvantage of this technique is that if the impression copings are 

not accurately placed within the impression material the final 

prostheses will not exhibit an accurate fit [8]. Many researchers, 

including Spector et al and Rodney et al have shown that the open 

tray method is more accurate than the closed tray technique [8]. 

The type of the impression material, too, affects the accuracy of 

the final prosthesis; it has been shown that the accuracy of the 

impression increases with an increase in the hardness of the 

impression material [10-13]. 

 In addition to the technique used for taking impressions and 

the type of the material used, splinting of impression copings 

affects the accuracy of implant impression making. It has been 

reported that the most common reason for the inaccuracy of the 

implant impression is a change in the position of impression 

copings within the impression and in the casts as a result of it. In 
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this context, it is possible to splint the copings to help preserve 

their positions during retrieval of the impression in the open tray 

technique [14,15]. 

 Apart from the advantages mentioned, problems might 

occur during splinting of impression copings, including the 

possibility of the fracture of the splint material or shrinkage 

resulting from the polymerization of the acrylic resin used for 

splinting; use of a proper material for this purpose and use of a 

proper technique such as maintaining a small space between the 

acrylic components of the splint and filling the gaps after 

shrinkage of the independent segments of the splinting material 

might result in a decrease in shrinkage during polymerization [16-

18]. 

 A proper material for splinting impression copings is the 

auto-polymerizing Duralay acrylic resin because it exhibits low 

shrinkage during polymerization [14,19]. The results of several 

studies have shown that splinting impression copings with a 

proper material increases the accuracy of impression taking 

[20,21].  

 Research has shown that no stresses should be exerted on 

the implants in order to preserve the health of the tissues around 

the final implant-supported prostheses [22]. 

Researchers have concluded that the passivity of the implant-

supported prosthesis is an important prerequisite for achieving an 

implant with proper longevity and for counteracting problems 

after the delivery of the prosthesis such as screw loosening, screw 

fracture and bone loss around the implant; however, achieving a 

prosthesis with completely passive fit is almost impossible [23].  

 Therefore, attempts should be done to decrease the odds of 

prosthesis misfit, increase the accuracy of impression-taking steps 

and manufacture more accurate casts to minimize the problems 

associated with implant-supported prostheses [24,25]. 

 To date, extensive research has been devoted to the effects 

of different impression-taking techniques, the type of impression 

material, the angulation of implants relative to each other, 

splinting of impression copings and the splint material on 

increasing the precision of the fit of prostheses. However, it 

appears that after placing the fixture analogs on impression 

copings and pouring of the final cast, expansion of the stone 

during setting might result in the displacement of the impression 

coping and analog within the impression material [16, 6, 27], 

which might be a source for errors in the fabrication of the final 

implant-supported prosthesis. 

 Therefore, the current study was performed to evaluate the 

accurate position of implants at the fixture level (open tray) using 

two different techniques for splinting prosthetic components 

during impressing the taking and preparation of casts. 

2. MATERIALS AND METHODS 

 A total of 8 samples were included in the present in vitro 

study, considering the results of a pilot study and by considering a 

difference of 0.02 unit (significant clinically) at standard 

deviation=0.012, α=0.05 and a study power of 80%; however, to 

increase the validity of the study, the sample size was increased by 

20% and 12 samples were included in each group. 

To standardize the samples and the impression-taking process, 

first an aluminum index was designed by a CNC unit and 

fabricated (figure 1). The index was composed of two 

components: segment A (the lower segment) and segment B (the 

upper segment), which were coupled with male and female parts 

and fixed. Two holes in the direction of impression copings were 

placed in the segment B, which played the role of the impression 

tray; the diameter of the holes was greater than the diameter of the 

impression copings so that the heads of the impression copings 

would exit the holes. 

 
Figure 1. Aluminum Index. 

 In addition, the dimensions of the cavity were consistent 

with the length of the impression copings (Pick-up, Hex, Short 

Impression Copings, Dentis Corporation, South Korea) so that the 

head of the impression coping screw would be positioned at least 2 

mm out of the hole, making it easy to unscrew the screw from the 

outer side. The length, diameter and gingival height of the copings 

were 23, 5 and 2 mm, respectively (Figure 2). 

 
Figure 2. Inserting fixture analogs by surveyor. 

 

 In order to prepare a model similar to a human jaw with 

implants, first the segment A was coated with Vaseline. The auto-

polymerizing acrylic resin (Ivoclar, Vivadent AG, Liechtenstein) 

was poured into the segment to fill its height, which mimicked the 

patient’s jaw. A dental milling machine was used to create 2 holes 

in the acrylic resin, measuring 4.25 mm in diameter and 12 mm in-

depth, so that 1 mm of the analog head would be positioned out of 

the acrylic resin to make it possible to measure the distance 

between the two analogs. To make sure that the analogs were 

parallel, the positions were evaluated with the use of a surveyor 

and the analogs were placed on a transverse plane. The two 

analogs (Lab Analog, Dents Corporation, South Korea) were 
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placed within the holes with the use of auto-polymerizing acrylic 

resin (figure 2). After a complete setting, each analog was 

numbered, with the number 1 or 2 being written on each analog. 

The distance between the most distal points of the analogs on the 

model was measured with the use of MITUTOYO digital caliper 

(Digital Vernier Caliper, 0-150 mm; 0.01 precision). To this end, 

first a line was drawn parallel to the horizontal width of the 

metallic index at the most distal points of both analogs tangent to 

them and the distance between these two lines was measured with 

calipers by one operator and recorded. Considering the ICC 

coefficient, the mean of 4 measurements was used to report this 

distance, which was considered as the real distance between the 

two implants. 

 The three study groups were compared with each other in 

order to compare the different statuses of splinting of segments. 

Group 1: The impression-taking procedure was carried out using 

the open tray technique without splinting the prosthetic 

components and the cast was prepared conventionally. 

Group 2: The impression copings were splinted with the use of 

Duralay acrylic resin (Pattern Resin LS, GC America Inc, USA) 

and an open tray technique was used to take impressions. The cast 

was poured conventionally. 

Group 3: The impression copings were splinted with Duralay 

acrylic resin and the open tray technique was used to make an 

impression. Before pouring the cast, the analogs, too, were 

splinted with Duralay acrylic resin. 

Group 1 procedural steps: First the impression copings we placed 

on the analogs and the open tray technique was used for taking 

impressions with the use of additional silicon materials with putty 

and wash consistency (Panasil, Additional-Silicone 

Kettenbach/Germany). To this end, the additional silicon 

impression material was placed within segment B in putty 

consistency and the wash was injected around the impression 

copings. Then it was fitted on segment A until it set completely. 

Then the screws of the impression copings were unscrewed from 

the upper part of segment B and segment B was removed along 

with the impression material. Then appropriate analogs were 

connected to the impression copings within the putty. The acrylic 

resin in segment A was eliminated and Type IV stone (with setting 

expansion of approximately 0.1%) was replaced with it. Then the 

combination of segment B and the impression material containing 

impression copings with suitable analogs were placed with Type 

IV stone (Welmix, GC America Inc., USA) with a powder-to-

liquid ratio of 100 gr of powder to 20 mL of water, with a mixing 

time of 1 minute on a vibrator. After the stone set (after 40 

minutes) the distance between the outermost parts of the analogs 

was measured using the method described above. The distance 

was measured 4 times by one operator using a digital caliper and 

the mean was reported. 

Group 2 procedural steps: In order to standardize the volume of 

the splinting material in this group, the first Vaseline was applied 

to segment B. Then the putty impression material was placed 

within it and segment B was fitted on segment A to set, which 

contained the impression copings. The impression material was 

removed from segment B along with the impression copings. The 

periphery of the impression copings was marked and the 

impression material was cut with a #13 scalpel blade. This way the 

index was fabricated of the putty material, measuring 4×20×4 mm 

(Figure 3).  

 
Figure 3. Representative model of analogs in acryl. 

 

 Then Duralay acrylic resin was poured within the index, 

which set after a while. Then the index was removed and the 

Duralay splint was sectioned in the middle at a thickness of a 

carbon disk. This way the volume of the Duralay acrylic resin 

decreased to the thickness of a carbon disk, resulting in a decrease 

in shrinkage during polymerization of the acrylic resin. After 

placing the impression copings that had been prepared and filling 

the gap between the two segments of Duralay splint with Duralay 

acrylic resin and after completion of polymerization (almost 20 

minutes), an impression was taken and the other steps were carried 

out in a manner similar to those in group 1.  

 
Figure 4. The closed view of index with impression copings integrated. 

 

 Group 3 procedural steps: Using the technique described 

above, the impression copings were splinted with a low volume of 

Duralay acrylic resin. The putty impression material was placed 

within segment B and the wash was injected around the neck of 

impression copings. After the complete setting of the impression 

material, the screws of impression copings were unscrewed and 

appropriate analogs were connected to them. In this technique, in 

order to decrease the possible errors resulting from the expansion 

of the stone, the analogs were splinted together. In order to 

standardize the dimensions of the Duralay splint around the 

analogs, after taking the impression using the splint technique, 

appropriate analogs were connected to impression copings and the 

impression material around the analogs was covered with 

Vaseline. Subsequently, the putty impression material was placed 

around the analogs so that 2 mm of their head was out of the 

material and the interface between the analogs was cut with a #13 

scalpel blade and removed; this way an index was fabricated, 

which measured 4×20×4 mm in dimensions (figure 4). Then the 

Duralay splint material was poured within the index. After the 



Comparison of the accuracy of fixture-level impression making after splinting prosthetic components 

Page | 5255  

complete setting of Duralay acrylic resin, it was sectioned in the 

middle at a thickness of a carbon disk. Then the thickness of the 

disk was filled with Duralay acrylic resin and the analogs were re-

attached to minimize the possible error resulting from 

polymerization of the acrylic resin. It should be pointed out that a 

new index was fabricated under the same conditions after the 

index was used for 5 consecutive times (10). Subsequently, the 

acrylic resin in segment A was removed and the stone cast was 

poured and measured in the same manner described for groups 1 

and 2. 

 Data were analyzed with descriptive statistical methods 

(means ± standard deviations) using SPSS 16. Kruskal-Wallis test 

was used to compare the means between the three study groups. 

Statistical significance was set at P<0.05. 

3. RESULTS  

 ICC was used to assess agreement between different 

measurements made at different time intervals by the same 

observer, which yielded a coefficient of >95%. Therefore, in order 

to report the distances, the mean of the 4 measurements was used, 

and the values in each group were recorded and compared with 

each other and with the distance on the master model. 

 The man distance in the first technique (impression taking 

without splinting the impression copings and the analogs) was 

18.44±0.042 mm. One-sample t-test revealed a difference of 0.028 

mm between the measurement made with this technique and the 

real distance (18.4 mm), which was statistically significant. 

 The mean distance in the second technique (impression 

taking with splinting of the impression copings without splinting 

the analogs) was 18.42±0.13 mm. One-sample t-test showed a 

difference of 0.005 mm from the real distance (18.42 mm) with 

the use of this technique, which was not significant statistically. 

 The mean distance with the use of the third technique 

(impression taking with concomitant splinting of impression 

copings and analogs) was 18.42±0.9 mm. One-sample t-test 

revealed a difference of 0.0025 mm from the real value (18.42) 

with the use of this technique, which was not significant 

statistically.  

 To compare the accuracy of impression taking between the 

three groups, normal distribution of data in the three groups was 

assessed with Kolmogorov-Smirnov test, which revealed that data 

were not distributed normally (P<0.05). Therefore, Kruskal-Wallis 

test was used to compare the means between the three groups. The 

results of the test showed significant differences between the three 

groups (P<0.05) (chart 1). 

 Mann-Whitney U test was used for two-by-two 

comparisons of the groups. The results of this test showed a 

significant difference in the mean distances between groups 1 and 

2 (P<0.001). In addition, there was a significant difference in the 

mean distances between groups 1 and 3 (P<0.001). However, there 

was no significant difference in the mean distances between 

groups 2 and 3 (P=0.291). 

 In the present in vitro study, 3 different techniques were 

used for taking implant impressions. The distance between the 

analogs was measured on the master model. The minimum 

positive differences were detected in the technique in which 

impression copings and analogs (0l.0025 mm) and the technique 

in which impressions were taken after splinting the impression 

copings without splinting the analogs (0.0058 mm), with no 

significant difference between the two techniques. The maximum 

positive error in the distance between the analogs was detected in 

the technique in which the impressions were taken without 

splinting the impression copings and analogs (0.028 mm) and the 

distance measured with this technique was significantly greater 

than that measured with the two other techniques.  

 Ongul et al evaluated the accuracy of two implant 

impression-taking techniques and reported that splinting of the 

implant components increased the accuracy of the direct 

impression-taking technique. In addition, in that study splinting 

with acrylic resin resulted in greater accuracy compared to the bar 

fabricated with the use of light-cured composite resin [28]. 

 Hariharan et al reported that splinting with acrylic resin 

was more accurate than the technique without splinting. In the 

present study, too, Duralay acrylic resin was used for splinting. 

The results of these two studies are consistent [29]. 

 Assif et al reported that the impression-taking accuracy 

increased by rigid splinting of impression copings before taking 

impressions, which was attributed to the prevention of separate 

movements of impression copings during the impression-taking 

procedure by rigid splinting of the components together [30]. 

Avila et al, too, reported that splinting improved implant 

impression taking [31]. 

 
Figure 5. Putty index for splinting of analogs. 

 

 Carbal et al showed that open tray impression technique 

with splinting of the components resulted in more accuracy 

compared to the closed tray and open tray technique without 

splinting and open tray technique with splinting without 

sectioning, on the condition that the sectioning and re-attaching 

technique was used [32]. 

 Tarib et al reported that the open tray technique in 

association with splinting, followed by cutting the splint material 

and filling the gap between the splinted components did not result 

in any considerable difference from the open tray technique with 

and without splinting and it was more accurate than the closed tray 

method [33].  

 In the present study, the accuracy of taking impressions 

with splinting of impression copings and taking impressions with 

concomitant splinting of impression copings and analogs was 

almost the same, with significantly greater accuracy compared to 
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taking impressions without splinting, consistent with the results of 

all the studies above. 

 However, some studies have reported results that are 

different from those of the present study. Kim et al reported that 

during the impression-taking procedure the non-splinted group 

exhibited the least changes in the position of implant components. 

Based on the results, they suggested that splinting of impression 

copings should be avoided in the direct technique [34]. These 

results are not consistent with the results of the present study. In 

the present study, the splinting technique was more accurate from 

the non-splinting technique of impression copings; such a 

discrepancy between the results of these two studies might be 

attributed to the absence of sectioning and reattachment of the 

splinting material to compensate polymerization shrinkage in the 

study above. 

 Del Acqua et al reported that splinting of impression 

copings resulted in inaccurate casts due to the shrinkage of acrylic 

resin (0.3%) used for splinting. On the other hand, they concluded 

that direct impression-taking techniques exhibited higher 

accuracy. In this study, to decrease the errors resulting from the 

expansion of stone, 1) the analogs were splinted by Duralay 

acrylic resin and the stone was poured, and 2) the analogs were 

placed within prefabricated tubes and pouring of the stone was 

carried out in two stages [35-37]. In this study, the highest 

accuracy was related to the open tray impression technique 

without splinting the impression copings and the use of 

prefabricated tubes for analogs. The discrepancy between the 

outcomes of these two reports might be attributed to the absence 

of standardization of the volumes of the splinting material and the 

stone in the study above; in the present study, due to the 

fabrication of an index for the splint material, the stone and the 

impression material, the volumes of the materials applied in the 

study were standardized.  

 Despite the high accuracy of the operator in that study, the 

discrepancy between the results above and those of the present 

study might be attributed to lack of attention to the polymerization 

shrinkage of the resin used for splinting the impression copings 

and dimensional changes of the stone [38-43].  

 One of the errors in the present study, the correction of 

which might increase the accuracy of impression-taking 

procedure, was the elasticity and the putty nature of the indexes 

related to the splint material; in this context, an increase in the 

rigidity of these indexes might lead to the use of a more accurate 

volume of the splinting material in different samples. The putty 

index is shown in figure 5. 

 

4. CONCLUSIONS 

 It can be concluded from the results f the present study that 

splinting of impression copings results in a decrease in the 

movement of impression copings during the impression-taking 

procedure. Therefore it is recommended that the impression 

copings be splinted before taking impressions; however, owing to 

the lack of a considerable difference in the accuracy of 

impressions in the group in which the analogs were splinted and 

the group in which they were not splinted, splinting of analogs is 

not necessary so that the laboratory steps can be facilitated.  

5. REFERENCES 

1. Steigenga, J.T.; Al-Shammari, K.F.; Nociti, F.H.; Misch, 

C.E.;  Wang H.L. Dental implant design and its relationship to 

long-term implant success. Implant dentistry 2003, 12, 306-317, 

https://doi.org/10.1097/01.ID.0000091140.76130.A1. 

2. Vayron, R.; Nguyen, V.H.; Lecuelle, B.; Albini L.H.; 

Meningaud, J.P.; Bosc, R.; Haiat, G. Comparison of Resonance 

Frequency Analysis and of Quantitative Ultrasound to Assess 

Dental Implant Osseointegration. Sensors (Basel, Switzerland) 

2018, 18, 1397, https://doi.org/10.3390/s18051397. 

3. Yazdani, J.; Ahmadian, E.; Sharifi, S.; Shahi, S.; Maleki 

Dizaj, S. A short view on nanohydroxyapatite as coating of 

dental implants. Biomedicine & Pharmacotherapy 2018, 105, 

553-557, https://doi.org/10.1016/j.biopha.2018.06.013. 

4. Prosthodontics, T. The glossary of prosthodontic terms.                       

Journal of Prosthetic Dentistry 1994, 71, 72, 

https://doi.org/10.1016/j.prosdent.2016.12.001. 

5. Martinez-Marquez, D.; Mirnajafizadeh, A.; Carty, C.P.; 

Stewart, R.A. Application of quality by design for 3D printed 

bone prostheses and scaffolds. PloS one 2018, 13, e0195291-

e0195291, https://doi.org/10.1371/journal.pone.0195291. 

6. Goodacre, C.J.; Bernal, G.; Rungcharassaeng, K.; Kan, J.Y. 

Clinical complications with implants and implant prostheses. 

The Journal of prosthetic dentistry 2003, 90, 121-

132, https://doi.org/10.1016/S0022-3913(03)00212-9. 

7. Haghi, H.R.; Shiehzadeh, M.; Nakhaei, M.; Ahrary, F.; 

Sabzevari, S. Effect of technique and impression material on the 

vertical misfit of a screw-retained, three-unit implant bridge: An 

in vitro study. Journal of Indian Prosthodontic Society 2017, 17, 

41-47. 

8. Mori, G.; Oda, Y.; Sakamoto, K.; Ito, T.; Yajima, Y. Clinical 

evaluation of full‐arch screw‐retained implant‐supported fixed 

prostheses and full‐arch telescopic‐retained implant‐supported 

fixed prostheses: A 5–12 year follow‐up retrospective study. 

Clinical oral implants research 2019, 30, 197-205, 

https://doi.org/10.1111/clr.13406 

9. Wee, A.G. Comparison of impression materials for direct 

multi-implant impressions. The Journal of prosthetic dentistry 

2000, 83, 323-331, https://doi.org/10.1016/S0022-

3913(00)70136-3. 

10. Carr, A.B. A Comparison of Impression Techniques for a 

Five-Implant Mandibular Model. International                               

Journal of Oral & Maxillofacial Implants 1991, 6, 

https://doi.org/10.1097/00008505-199200130-00017. 

11. Gupta, S.; Narayan, A.I.; Balakrishnan, D. In Vitro 

Comparative Evaluation of Different Types of Impression Trays 

and Impression Materials on the Accuracy of Open Tray Implant 

Impressions: A Pilot Study. International journal of dentistry 

2017, 6306530-6306530, https://doi.org/10.1155/2017/6306530. 

12. Elshenawy, E.A.; Alam-Eldein, A.M.; Abd Elfatah F.A. Cast 

accuracy obtained from different impression techniques at 

different implant angulations (in vitro study). International 

journal of implant dentistry 2018, 4, 9-9, 
https://doi.org/10.1186/s40729-018-0118-6. 

13. Saboury, A.; Neshandar A.H.; Dalili K.Z. The Accuracy of 

Four Impression-making Techniques in Angulated Implants 

Based on Vertical Gap. Journal of dentistry (Shiraz, Iran) 2017, 

18,  289-297. 

https://doi.org/10.1097/01.ID.0000091140.76130.A1
https://doi.org/10.3390/s18051397
https://doi.org/10.1016/j.biopha.2018.06.013
https://doi.org/10.1016/j.prosdent.2016.12.001
https://doi.org/10.1371/journal.pone.0195291
https://doi.org/10.1016/S0022-3913(03)00212-9
https://doi.org/10.1111/clr.13406
https://doi.org/10.1016/S0022-3913(00)70136-3
https://doi.org/10.1016/S0022-3913(00)70136-3
https://doi.org/10.1097/00008505-199200130-00017
https://doi.org/10.1155/2017/6306530
https://doi.org/10.1186/s40729-018-0118-6


Comparison of the accuracy of fixture-level impression making after splinting prosthetic components 

Page | 5257  

14. Liou, A.D.; Nicholls, J.I.; Yuodelis, R.A.; Brudvik, J.S. 

Accuracy of replacing three tapered transfer impression copings 

in two elastomeric impression materials. International Journal 

of Prosthodontics 1993, 6, https://doi.org/10.1097/00008505-

199405000-00013. 

15. Ma, J.; Ma, L.; Wang, Z.; Zhu, X.; Wang, W. The use of 3D-

printed titanium mesh tray in treating complex comminuted 

mandibular fractures: A case report. Medicine 2017, 96,, e7250-

e7250, https://doi.org/10.1097/MD.0000000000007250. 

16. McCartney, J.W.; Pearson, R. Segmental framework matrix: 

master cast verification, corrected cast guide, and analog transfer 

template for implant-supported prostheses. Journal of Prosthetic 

Dentistry 1994, 71, 197-200, https://doi.org/10.1016/0022-

3913(94)90031-0. 

17. Bra-nemark, P.I.; Zarb, G.A.; Albrektsson, T.; Rosen, H.M. 

Tissue-integrated prostheses: osseointegration in clinical 

dentistry. LWW 1986, 77, 496-497, https://doi.org/10.1016/0022-

3913(85)90460-3. 

18. Nanno, M.; Kodera, N.; Tomori, Y.; Hagiwara, Y.; Takai, S. 

Electrophysiological Assessment for Splinting in the Treatment 

of Carpal Tunnel Syndrome. Neurologia medico-chirurgica 

2017, 57, 472-480, https://doi.org/10.2176/nmc.oa.2017-0075. 

19. Alikhasi, M.; Siadat, H.; Nasirpour, A.; Hasanzade, M. 

Three-Dimensional Accuracy of Digital Impression versus 

Conventional Method: Effect of Implant Angulation and 

Connection Type. International journal of dentistry 2018, 

3761750-3761750, https://doi.org/10.1155/2018/3761750. 

20. Tabesh, M.; Alikhasi, M.; Siadat, H. A Comparison of 

implant impression precision: Different materials and 

techniques. Journal of clinical and experimental dentistry 2018, 

10, 151-157.  

21. Ribeiro, P.; Herrero-Climent, M.; Díaz-Castro, C.; Ríos-

Santos, J.V.; Padrós, R.; Mur, J.G.; Falcão, C. Accuracy of 

Implant Casts Generated with Conventional and Digital 

Impressions-An In Vitro Study. International journal of 

environmental research and public health 2018, 15, 1599, 

https://doi.org/10.3390/ijerph15081599. 

22. Hori, M.; Hori, T.; Sekine, H.; Moeki, A.; Fujimoto, K.; 

Kawai, T. Shrinkage characteristics of a novel lower contractile 

acrylic pattern resin. Dental materials journal 2019, 2018, 244-

245. 

23. Rashidan, N.; Alikhasi, M.; Samadizadeh, S.; Beyabanaki, 

E.; Kharazifard, M.J. Accuracy of implant impressions with 

different impression coping types and shapes. Clinical implant 

dentistry and related research 2012, 14, 218-225, 

https://doi.org/10.1111/j.1708-8208.2009.00241.x.  

24. Menéndez-Collar, M.; Serrera-Figallo, M.A.; Hita-Iglesias, 

P.; Castillo-Oyagüe, R.; Casar-Espinosa, J.C.; Gutiérrez-

Corrales, A.; Gutiérrez-Perez, J.L.; Torres-Lagares, D. Straight 

and tilted implants for supporting screw-retained full-arch dental 

prostheses in atrophic maxillae: A 2-year prospective study. 

Medicina oral, patologia oral y cirugia bucal 2018, 23, 733-741, 

http://dx.doi.org/10.4317/medoral.22459. 

25. Horikawa, T.; Odatsu, T.; Itoh, T.; Soejima, Y.; Morinaga, 

H., Abe, N.; Tsuchiya, N.; Iijima, T.; Sawase, T. Retrospective 

cohort study of rough-surface titanium implants with at least 25 

years' function. International journal of implant dentistry 2017, 

3, 42-42, https://doi.org/10.1186/s40729-017-0101-7. 

26. Singh, I.; Nair, K.C.; Shetty, J. Effect of joining the 

sectioned implant-supported prosthesis on the peri-implant strain 

generated in simulated mandibular model. Journal of                   

Indian Prosthodontic Society 2017, 17, 388-394, 

https://doi.org/10.4103/jips.jips_144_17. 

27. Kim, I.H.; Kuk, T.S.; Park, S.Y.; Choi, Y.-S.; Kim, H.J.; Seo, 

K.S. Prognosis following dental implant treatment under general 

anesthesia in patients with special needs. Journal of dental 

anesthesia and pain medicine 2017, 17, 205-213, 

https://dx.doi.org/10.17245%2Fjdapm.2017.17.3.205. 

28. Öngül, D.; Gökçen‐Röhlig, B.; Şermet, B.; Keskin, H. A 

comparative analysis of the accuracy of different direct 

impression techniques for multiple implants. Australian dental 

journal 2012, 57, 184-189,  https://doi.org/10.1111/j.1834-

7819.2012.01685.x. 

29. Hariharan, R.; Shankar, C.; Rajan, M.; Baig, M.R.; 

Azhagarasan, N. Evaluation of accuracy of multiple dental 

implant impressions using various splinting materials. 

International Journal of Oral & Maxillofacial Implants 2010, 

25, 1. 

30. Assif, D.; Fenton, A.; Zarb, G.; Schmitt, A. Comparative 

accuracy of implant impression procedures. International 

Journal of Periodontics & Restorative Dentistry 1992, 12, 2. 

31. De Avila, E.D.; de Matos, M.F.; Castanharo, S.M.; 

Del'Acqua, M.A.; de Assis, M.Jr. F. Effect of splinting in 

accuracy of two implant impression techniques. Journal of Oral 

Implantology 2014, 40, 633-639, https://doi.org/10.1563/AAID-

JOI-D-12-00198. 

32. Cabral, L.M.; Guedes, C.G. Comparative analysis of 4 

impression techniques for implants. Implant dentistry 2007, 16,  

187-194, https://doi.org/10.1097/ID.0b013e3180587b3f. 

33. Tarib, N.; Seong, T.; Chuen, K.; Kun, M.; Ahmad, M.; 

Kamarudin, K. Evaluation of splinting implant impression 

techniques: two dimensional analyses. European Journal of 

Prosthodontics and Restorative Dentistry 2012, 20, 35. 

34. Kim, S.; Nicholls, J.I.; Han, C.H.; Lee, K.W. Displacement 

of implant components from impressions to definitive casts. 

International Journal of Oral & Maxillofacial Implants 2006, 

21, 747-55. 

35. Del'Acqua, M.A.; Arioli-Filho, J.N.; Compagnoni, M.A. 

Accuracy of impression and pouring techniques for an implant-

supported prosthesis. International Journal of Oral & 

Maxillofacial Implants 2008, 23, 2. 

36. Papaspyridakos, P.; Schoenbaum, T.R. Enhanced Implant 

Impression Techniques to Maximize Accuracy. In: Implants in 

the Aesthetic Zone. Springer 2019; 217-34, 

https://doi.org/10.1007/978-3-319-72601-4_10. 

37. Moura, R.V.; Kojima, A.N.; Saraceni, C.H.C.; Bassolli, L.; 

Balducci, I.; Özcan, M. Evaluation of the accuracy of 

conventional and digital impression techniques for implant 

restorations. Journal of Prosthodontics 2019, 28, 530-535, 

https://doi.org/10.1111/jopr.12799. 

38. Hsu, C.C.; Millstein, P.L.; Stein, R.S. A comparative 

analysis of the accuracy of implant transfer techniques. The 

Journal of prosthetic dentistry 1993, 69, 588-593, 

https://doi.org/10.1016/0022-3913(93)90287-x. 

39. Misch, C.E. Contemporary implant dentistry. Implant 

dentistry 1999, 8, 90. 

40. Menini, M.; Setti, P.; Pera, F.; Pera, P.; Pesce, P. Accuracy 

of multi-unit implant impression: traditional techniques versus a 

digital procedure. Clinical oral investigations 2018, 22, 1253-

1262, https://doi.org/10.1007/s00784-017-2217-9.  
41. Kioleoglou, I.; Pissiotis, A.; Konstantinos, M. Accuracy of fit 

of implant-supported bars fabricated on definitive casts made by 

different dental stones. Journal of clinical and experimental 

dentistry 2018, 10, 252-253, 

https://dx.doi.org/10.4317%2Fjced.54603.  

https://doi.org/10.1097/00008505-199405000-00013
https://doi.org/10.1097/00008505-199405000-00013
https://doi.org/10.1097/MD.0000000000007250
https://doi.org/10.1016/0022-3913(94)90031-0
https://doi.org/10.1016/0022-3913(94)90031-0
https://doi.org/10.1016/0022-3913(85)90460-3
https://doi.org/10.1016/0022-3913(85)90460-3
https://doi.org/10.2176/nmc.oa.2017-0075
https://doi.org/10.1155/2018/3761750
https://doi.org/10.3390/ijerph15081599
https://doi.org/10.1111/j.1708-8208.2009.00241.x
http://dx.doi.org/10.4317/medoral.22459
https://doi.org/10.1186/s40729-017-0101-7
https://doi.org/10.4103/jips.jips_144_17
https://dx.doi.org/10.17245%2Fjdapm.2017.17.3.205
https://doi.org/10.1111/j.1834-7819.2012.01685.x
https://doi.org/10.1111/j.1834-7819.2012.01685.x
https://doi.org/10.1563/AAID-JOI-D-12-00198
https://doi.org/10.1563/AAID-JOI-D-12-00198
https://doi.org/10.1097/ID.0b013e3180587b3f
https://doi.org/10.1007/978-3-319-72601-4_10
https://doi.org/10.1111/jopr.12799
https://doi.org/10.1016/0022-3913(93)90287-x
https://doi.org/10.1007/s00784-017-2217-9
https://dx.doi.org/10.4317%2Fjced.54603


Ramin Negahdari, Mohammad Ali Ghavimi, Anahita Ahmadpour, Alireza Pournasrollah, Sepideh Bohlouli,  

Solmaz Maleki Dizaj 

Page | 5258  

42. Liu, Y.; Di, P.; Zhao, Y.; Hao, Q.; Tian, J.; Cui, H. Accuracy 

of multi-implant impressions using 3D-printing custom trays and 

splinting versus conventional techniques for complete arches. 

International Journal of Oral & Maxillofacial Implants 2019, 34, 

1-10, https://doi.org/10.11607/jomi.7049.  

43. Revilla-León, M.; Sadeghpour, M.; Özcan, M. An update on 

applications of 3D printing technologies used for processing 

polymers used in implant dentistry. Odontology 2019, 2019, 1-8, 

https://doi.org/10.1007/s10266-019-00441-7. 

 

 

6. ACKNOWLEDGEMENTS 

 The authors would like to thank the Research Vice Chancellor of Tabriz University of Medical Sciences, for financial support of 

the study. This article is a part of a thesis (No. 67) submitted for the MD degree in the Faculty of Dentistry, Tabriz University of Medical 

Sciences. 

 

 

© 2020 by the authors. This article is an open access article distributed under the terms and conditions of the 

Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

https://doi.org/10.11607/jomi.7049
https://doi.org/10.1007/s10266-019-00441-7

