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ABSTRACT 

Background: 

For long term success of implant fixed complete dental prosthesis (IFCDP), fabrication of 

accurately and passively fitting restoration is of significant importance on their mating 

implants to prevent complication such as screw loosening, bone loss, and abutment fracture 

during function. Standard implant prosthetic techniques rely on implant-level impressions 

and costly casting technology for component fabrication. The lost wax techniques, a mainstay 

of prosthetic laboratory procedures and a principal method of implant abutment fabrication, 

was introduced in 1907. The accuracy of this process is limited by the expansion and 

contraction of impression materials, gypsum, wax, casting investment and alloy.  

The accuracy of impression technique affects accuracy of master cast which in turn affects 

passive fit of the prosthesis. Therefore an accurate implant impression becomes an integral 

prerequisite for obtaining accurate master cast which is the key for fabricating an accurately 

and passively fitting prosthesis. Literature review reports that splinting of impression copings 

as in analog impression technique produces a more accurate definitive cast than non-

splinting, especially in completely edentulous patients. Errors may get introduced in this 

technique due to dispensing and polymerization of impression material, disinfection, 

transportation to lab and pouring of cast. Therefore, digital impressions procedures are 

increasingly used in fixed and implant prosthodontics but there is scanty literature comparing 

full arch analog impression with digital impression. Few in vitro studies are done which 

compared the accuracy of digital impression and analog impression in completely edentulous 

patient. They reported that there was no difference between digital and splinted impression. 

Therefore a study assessing the accuracy of full arch digital impression using intraoral 

scanner and comparing it to analog impression contribute to validation of digital impression 
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techniques. Hence the purpose of this study is to compare accuracy and passive fit of full arch 

digital implant impression with analog impression. 

 

Objectives: 

• Evaluate the accuracy of full-arch edentulous analog impressions.  

• Evaluate the accuracy of full-arch edentulous digital impressions.  

• To compare the accuracy of full-arch analog impression and digital impression 

technique. 

 

Methodology: 

A mandibular cast containing four inter-foraminal internal connection implant analogs was 

fabricated to mimic a routinely-occurring clinical situation. A stone master cast was 

fabricated from the cast (to function as a control) by making a splinted open-tray impression. 

A custom tray for analog impression technique was then constructed on the master cast. 

Implant impression procedures, Group I – Analog impressions (n = 20) Implant-level 

impression copings were secured to the implant analogs in the stone cast (control). The 

impression obtained was poured with low expansion (0.09%) Type IV die stone .This process 

is repeated 20 times to produce 20 stone casts. Group II – Digital implant-level impressions 

(n = 20), scan bodies were connected to the implants on the master cast. An operator was 

calibrated for recording digital impressions. Twenty digital impressions were made without 

removing the scan bodies. The scanned data was then exported as standard tessellation 

language (.STL) files and saved. Inspection software was then used to superimpose the STL 

datasets of each cast of each test group to the .STL file of the control (master cast). The scan 

bodies were the main selected areas for superimposition. The difference in the 
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superimposition to each group with the control were obtained and tabulated. These were 

subjected to statistical analysis. 

 

Results: There was a difference in the scan-bodies data for digital and conventional 

impressions among all the scan bodies individually and when superimposed. The deviation 

from 5.3mm was more in Group I for all the scan bodies individually and when combined in 

comparison to group II. This difference was statistically significant.  

Conclusion: 

1. The accuracy of digital impressions with IOSs is dependent on the optical scanning 

technology, the capture principle, the version of IOS software used, and a periodical 

calibration of the hardware when needed. Additionally, the correct control of clinical factors 

by the clinician such as avoiding the presence of saliva and/or blood over the scan surfaces, 

the use of retractors for soft tissues, and right lighting conditions while scanning is mandatory 

to decrease the chance of scan inaccuracies.  

2. The use of IOSs is recommended for the manufacture of dental prosthesis in short-, 

intermediate and most long arch spans with a clinically accepted level of accuracy.  

3. Multiple implant scenarios in edentulous mandibular arches still result in accuracy 

limitations. Nevertheless, new IOS generation, the performance by an IOS experienced 

clinician, and a proper implant location and inter-implant distance can lead to the optimal 

resolution of full arch implant cases with a complete digital workflow.  

4. The ISB’s (intra oral scan bodies) characteristics and its location play an important role in 

the accuracy of the digital implant impressions. 
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INTRODUCTION  

 

The completely edentulous condition due to progressive loss of teeth causes esthetic and 

functional problems. The last couple of decades have witnessed a marked spike in the number 

of completely edentulous patients. Edentulous comes with a debilitation in 

terms of compromised chewing function, altered phonetics, and psychological effects like 

reduced self-esteem in the patients. It hence becomes very important to increase the quality of 

life in such patients using various treatment options available. These are either the 

conventional complete denture or implant-supported and implant-retained complete denture. 

Edentulous patients who are given a conventional complete denture over severely resorbed 

ridges often come back with complaints of inadequate retention and denture stability 

during mastication1. To face such challenges, a satisfactory approach is the use of implants. 

Implant protocols have been used with the aim of improving the oral and facial characteristics 

of completely edentulous patients: overdentures, implant-supported, and full-arch fixed 

implant-supported prostheses. Implant-supported prostheses have been reported to be an 

integral part of prosthodontic treatment planning, with high success rates and low postoperative 

complications. In addition, fixed restorations provide a feeling of similarity to natural teeth and 

a sense of psychological stability, which is a good response in completely edentulous patients2, 

3. 

In today’s epoch, modern dentistry has paved a way to meet the extensive demands of the 

patients by introducing techniques that are less cumbersome than the conventional ones 

facilitating enhancement in their accuracy and efficiency. One such successfully emerged 

treatment technique is dental implants. With this evolution, it has been proven successful in the 

treatment of edentulous and partially edentulous conditions which results in the success that is 
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influenced by various factors. One of the key factors affecting the outcome of the treatment is 

the impression procedures involved in the fabrication of implant prostheses. 

A good impression forms the basis for successful prosthetic treatment as it is necessary, to 

generate an accurate definitive cast which is the milestone for the fabrication of an accurately 

fitting prosthesis. 

 The oral environment presents a challenging task for the dentist, which he has be replicated 

for the fabrication of prosthesis. In order to achieve a proper impression, one should have 

knowledge of oral anatomy, various techniques, and material science. Furthermore, the skill 

and appropriate selection of the material and technique play a significant role. The basic 

principle behind making an impression is to provide support, retention, and stability for the 

prosthesis. It also will act as a foundation for the improved appearance of the prosthesis.4 

A variety of impression techniques for the fabrication of implant prostheses have evolved in 

the past decade.  

The clinical situation and the need for recording accurate implant position along with its 

supporting soft tissue areas dictate the selection of the impression technique. The shortcomings 

of the conventional techniques such as prosthesis misfit, screw loosening, and occlusal 

inaccuracies, have induced the need for intraoral digital scanning. 

Digital technology has profoundly impacted the dental profession. Significant progress has 

already been made in computerized digital technologies, such as digital cast scanners, intraoral 

digital impression-capture devices, cone beam computed tomography, three-dimensional (3D) 

printers, laser sintering units, and milling machines. It can be expected that in the not-too-

distant future, the art of making conventional impressions will become nonessential.  
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Digital implant impressions are currently gaining popularity because they eliminate tray 

selection, dispensing and setting of impression materials, disinfection, and impression shipping 

to the laboratory, while patient comfort may be an additional advantage. Intraoral scanners may 

increase efficiency, because it is possible to electronically send a digital impression to the 

laboratory, rather than sending a conventional impression via regular mail. The digital 

impression file can be stored electronically, which eliminates space management issues, 

supports an eco-friendly practice, and contributes to efficient record keeping. However, 

limitations pertain to the additional cost of purchasing an intraoral scanner and the learning 

curve for adjusting to the new treatment modality. Standard implant prosthetic techniques rely 

on implant-level impressions and costly casting technology for component fabrication.5 

A gypsum cast poured from a physical impression taken with an elastomeric impression 

material has been the gold standard in the fabrication of implant restorations. The accurate 

transfer of the position and angulation of the implants is a critical factor for achieving a 

precisely fitting prosthesis. Various techniques and materials have been described to improve 

the accurate transfer of the position of implants in the clinical situation to the laboratory. The 

findings varied depending on the type of implants, implant-abutment configurations, closed or 

open tray impression techniques, impression materials, etc. 

The lost wax techniques, a mainstay of prosthetic laboratory procedures and a principal method 

of implant-abutment fabrication, were introduced in 1907. The accuracy of this process is 

limited by the expansion and contraction of impression materials, gypsum, wax, casting 

investment, and alloy. The accuracy of the impression technique affects the accuracy of the 

master cast which in turn affects the accuracy and passive fit of the prosthesis. Therefore an 

accurate implant impression becomes an integral prerequisite for obtaining an accurate master 

cast which is the key for fabricating an accurately and passively fitting prosthesis. Splinting of 
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impression copings as in analog impression technique produces a more accurate definitive cast 

than non-splinting, especially in completely edentulous patients. 

 

Therefore a study assessing the accuracy and passive fit of full arch digital impression using 

the intraoral scanner and comparing it to analog impression contributes to the validation of the 

digital impression technique. Hence the purpose of this study is to compare the accuracy and 

passive fit of full arch digital implant impression with analog impression techniques. 
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AIMS AND OBJECTIVES  

 

 

• Evaluate the accuracy of full-arch edentulous analog impressions.  

• Evaluate the accuracy of full-arch edentulous digital impressions.  

• To compare the accuracy of full-arch analog impression and digital impression 

technique 
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         REVIEW OF LITERATURE 

 

 

1. An in vitro study was done to evaluate the accuracy of 3 different impression 

techniques using polyether impression material to obtain a master cast for the fabrication of 

a prosthesis that would fit passively on multiple implants. A machined metal model with 6 

implants and abutments and a corresponding, passively fitting, matching metal template was 

fabricated. A total of 45 medium-consistency polyether impressions of the model were made 

with pick-up type square impression copings. Three groups of 15 each was made with 

different impression techniques: in group 1, non-modified square impression copings were 

used; in group 2, square impression copings was used and joined together with auto 

polymerizing acrylic resin before the impression procedure; and in group 3, square 

impression copings previously airborne particle–abraded and coated with the manufacturer-

recommended impression adhesive was used. The matching metal templates, which have 

been passively fit to the metal model so that it encountered no visually perceptible resistance 

or rocking on the abutments, was used as the control for evaluation of the accuracy of passive 

fit. A single calibrated and blinded examiner visually evaluated each cast. Positional 

accuracy of the abutments was numerically assessed with an optical scanner at original 

magnification X 10, which provided measurements to within 2 µm of the variations of the 

casts with respect to the horizontal distances between the 2 most posterior abutments and the 

2 most anterior abutments. Data was analysed with a 1-way analysis of variance followed 

by the Student Newman-Keuls method. Hence it was concluded that the improved accuracy 

of the master cast was achieved when the impression technique involved square impression 

copings joined together with auto-polymerizing acrylic resin or square impression copings 

that has been airborne particle–abraded and adhesive-coated.6 
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2. A study was done in which the effect of two levels of prosthesis misfit on prosthetic 

screw stability were evaluated. Two levels of vertical discrepancies—100 and 175 µm—

were introduced between an implant-supported complete denture and the terminal abutment. 

An implant-supported complete denture without vertical discrepancy served as a control. 

Cyclic load was delivered vertically on the cantilever portion of the prosthesis next to the 

terminal abutment for 48 hours for each trial. A total of seven sets of new screws were tested 

for each level of fit. The results revealed significant prosthetic screw instability at both the 

100- and 175-µm levels of discrepancy. Vertical discrepancies of 100 and 175 µm introduced 

between an implant-supported fixed complete denture and the terminal abutment resulted in 

significant prosthetic screw instability.7 

 

 

3. An in vitro study was done in which the effect of time on the 3-dimensional accuracy 

of open-tray implant impression copings made of polyvinyl siloxane and polyether 

impression materials. Reference models with 4 internal connection implants were fabricated. 

Four sets of 71 direct impressions were made with square impression copings using an open-

tray technique. One set of impressions were made with polyether material (material A) and 

each of 3 polyvinyl siloxane materials (materials B, C, and D). Three-dimensional changes 

in spatial orientation of the implant analogs were measured over 48 hours using an optical 

measurement device. Deviation values were summed over 4 points and averaged per 

impression. Global differences were tested with a non-parametric Kruskal-Wallis test 

followed by pairwise comparisons using the Mann-Whitney U test. The mean dimensional 

accuracy of implant impressions significantly differed over time (P < .001). Materials A and 

B were found to produce comparable results. For materials C and D there was a significant 

increase in deviations, with a maximum increase at 2 hours. Deviations for material C were 
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comparable to materials A and B at 48 hours. Baseline values were not maintained by any 

material. Within the limits of the in vitro study, it was concluded that time cannot be 

neglected as a factor affecting the accuracy of implant master casts.8 

 

4. An in vitro study was done to evaluate whether a new reference scanner is capable 

of measuring conventional and digital intraoral complete-arch impressions for 3D accuracy. 

A steel reference dentate model was fabricated and measured with a reference scanner 

(digital reference model). Conventional impressions were made from the reference model, 

poured with Type IV dental stone, scanned with the reference scanner, and exported as 

digital models. Additionally, digital impressions of the reference model were made and the 

digital models were exported. Precision was measured by superimposing the digital models 

within each group. Superimposing the digital models on the digital reference model assessed 

the trueness of each impression method. Statistical significance was assessed with an 

independent sample t test (=.05). The reference scanner delivered high accuracy over the 

entire dental arch with a precision of 1.6 ±0.6 µm and a trueness of 5.3 ±1.1 µm. 

Conventional impressions showed significantly higher precision (12.5 ±2.5 µm) and trueness 

values (20.4 ±2.2 µm) with small deviations in the second molar region. Digital impressions 

were significantly less accurate with a precision of 32.4 ±9.6 µm and a trueness of 58.6 

±15.8µm.Therefore the new reference scanner was capable of measuring the precision and 

trueness of both digital and conventional complete-arch impressions. The digital impression 

was less accurate and showed a different pattern of deviation then the conventional 

impression.9 

 

5. An in-vitro study was conducted to test whether digital full-arch implant impressions 

with two different intra-oral scanners have the same accuracy as conventional ones. The 

hypothesis was that the splinted open-tray impressions would be more accurate than digital 
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full arch impressions.  A stone master cast representing an edentulous mandible using five 

internal connection implant analogs was fabricated. The three median implants were parallel 

to each other, the far left implant had 10°, and the far right had 15° distal angulation. A 

splinted open-tray technique was used for the conventional polyether impressions (n = 10) 

for Group 1. Digital impressions (n = 10) were taken with two intraoral optical scanners after 

connecting polymer scan bodies to the master cast for groups 2 and 3. Master cast and 

conventional impression test casts were digitized with a high-resolution reference scanner to 

obtain digital files. Standard tessellation language (STL) datasets from the three test groups 

of digital and conventional impressions were superimposed with the STL dataset from the 

master cast to assess the 3D deviations. Deviations were recorded as root-mean-square error. 

To compare the master cast with conventional and digital impressions at the implant level, 

Welch’s F-test was used together with Games–Howell post hoc test.  Group I had a mean 

value of 167.93 lm (SD 50.37); Group II (Omnicam) had a mean value of 46.41 lm (SD 

7.34); Group III (True Definition) had a mean value of 19.32 lm (SD 2.77). Welch’s F-test 

was used together with the Games–Howell test for post hoc comparisons. Welch’s F-test 

showed a significant difference between the groups (P < 0.001). The Games–Howell test 

showed statistically significant 3D deviations for all three groups (P < 0.001). Full-arch 

digital implant impressions using True Definition scanner and Omnicam were significantly 

more accurate than the conventional impressions with the splinted open-tray technique. 

Additionally, the digital impressions with the True Definition scanner had significantly less 

3D deviations when compared with the Omnicam.10 

 

6. An in vitro study to compare the three-dimensional (3-D) accuracy of splinted and 

non-splinted impression techniques to the control casts that had been used for actual patient 

treatment and to determine the maximum level of clinically undetectable misfit. The null 

hypothesis was that there would be no significant difference in the accuracy of casts 
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generated with different impression techniques. The implant casts used for the prosthetic 

rehabilitation of 12 edentulous jaws with CAD/CAM zirconia, implant-fixed complete dental 

prosthesis (IFCDP) were included in this study. Intraoral acrylic jigs were used to fabricate 

index casts. Splinted and non-splinted, open-tray techniques were used to generate two casts. 

Optical scanning acquisition of the x-coordinates, coordinates and z-coordinates of the 

implant positions for each individual cast was performed. The ‘‘best fit’’ algorithm was used 

with computer software to superimpose the scanning datasets. Group I (n¼12) included casts 

from the splinted impression technique vs. acrylic jig casts, and group II (n¼12) included 

casts from non-splinted technique vs. jig casts. The paired t-test and Wilcoxon’s signed ranks 

test were used to compare the 3-D discrepancies within and between groups I (splinted vs. 

jig) and II (non-splinted vs. jig), respectively. Significant difference was found at the x-axis, 

y-axis and 3-D between groups I and II (Po0.05), but not in the vertical z-axis (P40.05). 

Within subject, global 3-D discrepancies between groups I and II were significantly different 

(Po0.05), corroborated by in vivo observations of clinical fit. Implant position in the arch 

affected the 3-D accuracy of casts for both anterior and posterior implants (Po0.05).  The 

splinted technique generated more accurate master casts than the non-splinted technique for 

one-piece IFCDPs in edentulous jaws and the null hypothesis was rejected. These clinical 

implications demonstrate improved accuracy of splinted impression techniques as compared 

to the non-splinted technique. For the external connection, the implant system used in this 

study, a 3-D misfit ranging from 59 to 72mm may be considered the maximum discrepancy 

resulting in an acceptable clinical fit with one-piece IFCDPs.11 

 

7. An in vitro study to investigate the accuracy of conventional and digital impression 

methods used to obtain full-arch impressions by using a reference model. Eight different 

conventional and digital full-arch impressions were obtained from a reference model, using 

a highly accurate reference scanner. The impressions obtained were then compared with the 
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original geometry of the reference model and within each test group. A point-to-point 

measurement of the surface of the model using the signed nearest neighbour method resulted 

in a mean (10%−90%)/2 percentile value for the difference between the impression and 

original model (trueness) as well as the difference between impressions within a test group 

(precision). Trueness values ranged from 11.5μm (VSE) to 60.2μm (POE), and precision 

ranged from 12.3μm (VSE) to 66.7μm (POE). Among the test groups, VSE, VSES, and CER 

showed the highest trueness and precision. The deviation pattern varied with the impression 

method. Conventional impressions showed high accuracy across the full dental arch in all 

groups, except POE and ALG.  Conventional and digital impression methods show 

differences regarding full-arch accuracy. Digital impression systems reveal higher local 

deviations of the full-arch model. Digital intraoral impression systems do not show superior 

accuracy compared to highly accurate conventional impression techniques. However, they 

provide excellent clinical results within their indications applying the correct scanning 

technique.12  

 

8. A study was conducted to evaluate the appropriate impression technique by analysing 

the superimposition of 3D digital model for evaluating accuracy of conventional impression 

technique and digital impression. Twenty-four patients who had no periodontitis or 

temporomandibular joint disease were selected for analysis. As a reference model, digital 

impressions with a digital impression system were performed. As a test models, for 

conventional impression dual-arch and full-arch, impression techniques utilizing addition 

type polyvinylsiloxane for fabrication of cast were applied. 3D laser scanner is used for 

scanning the cast. Each 3 pairs for 25 STL datasets were imported into the inspection 

software. The three-dimensional differences were illustrated in a color-coded map. For three-

dimensional quantitative analysis, 4 specified contact locations (buccal and lingual cusps of 

second premolar and molar) were established. For two-dimensional quantitative analysis, 
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the sectioning from buccal cusp to lingual cusp of second premolar and molar were acquired 

depending on the tooth axis. In color-coded map, the biggest difference between intraoral 

scanning and dual-arch impression was seen (P<.05). In three-dimensional analysis, the 

biggest difference was seen between intraoral scanning and dual-arch impression and the 

smallest difference was seen between dual-arch and full-arch impression.  The two- and 

three-dimensional deviations between intraoral scanner and dual-arch impression was bigger 

than full-arch and dual-arch impression (P<.05). The second premolar showed significantly 

bigger three-dimensional deviations than the second molar in the three-dimensional 

deviations (P>.05).13 

 

 

9. To review the existing reports, to bring forth the comprehensive overview on the 

comparative superiority of digital impression technique based on accuracy, patient 

acceptance, operators preference and time effectiveness when compared to conventional 

technique.  Search strategy for the review was based on Population, Intervention, 

Comparison, and Outcome framework Data screening and extraction was performed in 

covalence systematic reviews of aware. Clinical and preclinical studies and randomised 

controlled trials which compared optical impression with conventional impressions based on 

accuracy, patient outcome and operator outcome were included in the study.  A total of 36 

articles that complied fully with the inclusion criteria were evaluated. Among the 24 studies 

which compared digital and conventional impressions based on accuracy, 16 articles 

reported that digital impressions are superior to conventional impressions; however no 

statistical significance was mentioned. Based on patient preference, four articles concluded 

digital impression as the preferred choice. Eight articles assessed the operator preference and 

the outcome was in favour of digital impressions.  This review has concisely summarised 

that digital impressions are superior to conventional impressions, without any statistically 
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significant difference, based on assessment of accuracy, patient preference and operator 

preference.14 

 

10. An ex vivo study to compare conventional versus digital impressions for Full-Arch 

maxillary rehabilitations.  Patients selected for this study were treated with full-arch screw-

retained rehabilitations supported by six immediately loaded dental implants. Patients were 

scheduled randomly into control (conventional impression group, CIG) and test (digital 

impression group, DIG) groups respectively for a fully conventional workflow and a fully 

digital workflow. In both groups, within 24 h, a temporary prosthesis was delivered. Four 

months after the implant positioning, the two groups dealt with the fabrication of definitive 

restorations: conventional pick-up was performed in the control group, and definitive digital 

impressions was carried out in the test group. The time involved following these two 

procedures was recorded. Patients underwent intraoral digital radiographs to evaluate the 

accuracy of the framework-implant connection, check for the presence of voids at the bar-

implant connection and measure bone level. A criterion used to assess success at the 

prosthetic level was the occurrence of prosthetic maintenance, the absence of fractures of 

the acrylic resin superstructure and voids.  A total of 50 patients received immediately loaded 

prostheses supported by six implants (total 300 implants). A fixture and prosthetic survival 

rate of 100% was observed. All digital X-ray examinations revealed bar-implant connection 

accuracy and no voids. Differences that were not statistically significant (p > 0.05) in 

marginal bone loss was found between control and test groups. Significantly less time was 

spent to perform digital impression procedure (p < 0.05).  Clinical and radiological results 

of the test group advocate a satisfactory accuracy and predictability of the intraoral scanner 

(IOS) to be a reliable alternative in clinical practice for implant full-arch rehabilitations and 

suggest fabrication of definitive restorations with a successful marginal fit precision.15 
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11. A study was done to present a new method to analyse the three-dimensional accuracy 

of complete-arch dental impressions and verify the reliability of the method. Additionally, 

the accuracies of conventional and intraoral digital impressions were compared using the 

new method. A master model was fabricated using 14 milled polyetheretherketone cylinders 

and a maxillary acrylic model. Each cylinder was positioned and named according to its 

corresponding tooth position. Twenty-five definitive stone casts were fabricated using 

conventional impressions of the master model. An intraoral scanner was used to scan the 

master model 25 times to fabricate 25 digital models. A coordinate measuring machine was 

used to physically probe each cylinder in the master model and definitive casts. Inspection 

software was used to probe cylinders of digital models. A three-dimensional part coordinate 

system was defined and used to compute the centroid coordinate of each cylinder. Intra-class 

correlation coefficient (ICC) was evaluated to examine the reliability of the new method. 

Independent two sample t-test was performed to compare the trueness and precision of 

conventional and intraoral digital impressions (α = 0.05). ICC results showed that, the new 

method had almost perfect reliability for the measurements of the master model, 

conventional and digital impression. Conventional impression showed more accurate 

absolute trueness and precision than intraoral digital impression for most of the tooth 

positions (p < 0.05). So, the new method was reliable to analyse the three-dimensional 

deviation of complete-arch impressions. Conventional impressions were still more accurate 

than digital intraoral impression for complete arches.16 

 

12. A study was done to evaluate and compare the accuracy. A reference model was 

prepared with three prepared teeth for three types of restorations: single crown, 3-unit 

Bridge, and inlay. Stone models were fabricated from conventional impressions. Digital 

impressions of the reference model were created using an intraoral scanner (digital models). 

Physical models were fabricated using a three-dimensional (3D) printer. Reference, stone, 
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and 3D printed models were subsequently scanned using an industrial optical scanner; files 

were exported in a stereolithography file format. All datasets were superimposed using 3D 

analysis software to evaluate the accuracy of the complete arch and trueness of the 

preparations. One-way and two-way analyses of variance (ANOVA) were performed to 

compare the accuracy among the three model groups and evaluate the trueness among the 

three types of preparation. For the complete arch, significant intergroup differences in 

precision were observed for the three groups (p<.001). However, no significant difference 

in trueness were found between the stone and digital models (p>.05). 3D printed models had 

the poorest accuracy. A two-way ANOVA revealed significant differences in trueness 

among the model groups (p<.001) and types of preparation (p<.001). Digital models had 

smaller root mean square values of trueness of the complete arch and preparations than stone 

models. Hence it was concluded that the accuracy of the complete arch and trueness of the 

preparations of 3D printed models were inferior to those of the other groups.17 

 

13. A study was done to investigate the transfer accuracy (trueness and precision) of 

three different intraoral scanning families using different hardware and software versions 

over the last decade from 2012 to 2021, compared to a conventional impression. Therefore, 

an implant master model with a reference cube was digitized and served as a reference 

dataset. Digital impressions of all three scanning families (True definition, TRIOS, CEREC) 

were recorded (n = 10 per group), and conventional implant impressions were taken (n = 

10). The conventional models were digitized, and all models (conventional and digital) were 

measured. Therefore, it was possible to obtain the deviations between the master model and 

the scans or conventional models in terms of absolute three-dimensional (3D) deviations, 

deviations in rotation, and angulation. The results for deviations between the older and newer 

scanning systems were analysed using pairwise comparisons (p < 0.05; SPSS 26). The 

absolute 3D deviations increased with increasing scan path length, particularly for the older 
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hardware and software versions (old vs. new (MW ± SD) True Definition: 355 ± 62 µm vs. 

483 ± 110 µm; TRIOS: 574 ± 274 µm vs. 258 ± 100 µm; and CEREC: 1356 ± 1023 µm vs. 

110 ± 49 µm). This was also true for deviations in rotation and angulation. The conventional 

impression showed an advantage only regarding the absolute 3D deviation compared to the 

older systems. Based on the data of the present study, the accuracy of intraoral scanners is 

decisively related to hardware and software; though, newer systems or software do not 

necessarily warrant improvement. Nevertheless, to achieve high transfer accuracy, regular 

updating of digital systems is recommended. The challenge of increasing errors with 

increasing scan paths is overcome in the most recent systems. The combination of two 

different scanning principles in a single device seems to be beneficial.18 

 

14. An in vitro study was done to assess the accuracy of 5 different IOSs in the 

impressions of single and multiple implants, and to compare them. Plaster models were 

prepared, representative of a partially edentulous maxilla (PEM) to be restored with a single 

crown (SC) and a partial prosthesis (PP), and a totally edentulous maxilla (TEM) to be 

restored with a full arch (FA). The models were scanned with a desktop scanner, to capture 

reference models (RMs), and with 5 IOSs (CS 3600®, Trios3®, Omnicam®, DWIO®, 

Emerald®); 10 scans were taken for each model, using each IOS. All IOS datasets were 

loaded into reverse-engineering software where they were superimposed on the 

corresponding RMs, to evaluate trueness, and superimposed on each other within groups, to 

determine precision.Significant differences were found between the IOSs; a significant 

difference in precision was found between the contexts (SC vs. PP vs. FA). The IOSs showed 

significant differences between them, both in trueness and in precision.  The mathematical 

error increased in the transition from SC to PP up to FA, both in trueness than in precision.19 
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15. An in vitro study was done to compare the accuracy of digital implant scans using 2 

different intraoral scanners (IOSs) with that of conventional impressions for partially 

edentulous arches. Two partially edentulous mandibular casts with 2 implant analogs with a 

30-degree angulation from 2 different implant systems (Replace Select RP; Nobel Biocare 

and Tissue level RN; Straumann) were used as controls. Sixty digital models were made 

from these 2 definitive casts in 6 different groups (n=10). Splinted implant-level impression 

procedures followed by digitization were used to produce the first 2 groups. The next 2 

groups were produced by digital scanning with Omnicam. The last 2 groups were produced 

by digital scanning with the True Definition scanner. Accuracy was evaluated by 

superimposing the digital files of each test group onto the digital file of the controls with 

inspection software.The difference in 3-dimensional (3D) deviations (median ±interquartile 

range) among the 3 impression groups for Nobel Biocare was statistically significant among 

all groups (P<.001), except for the Omnicam (20 ±4 μm) and True Definition (15 ±6 μm) 

groups; the median ±interquartile range for the conventional group was 39 ±18 μm. The 

difference in 3D deviations among the 3 impression groups for Straumann was statistically 

significant among all groups (P=.003), except for the conventional impression (22 ±5 μm) 

and True Definition (17 ±5 μm) groups; the median ±interquartile range for the Omnicam 

group was 26 ±15 μm. The difference in 3D deviations between the 2 implant systems was 

significant for the Omnicam (P=.011) and conventional (P<.001) impression techniques but 

not for the True Definition technique (P=.247).Within the limitations of this study, both the 

impression technique and the implant system affected accuracy. The True Definition 

technique had the fewest 3D deviations compared with the other 2 techniques; however, the 

accuracy of all impression techniques was within clinically acceptable levels, and not all 

differences were statistically significant.20 
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16. An in vitro study was done to compare the accuracy of printed implant casts from 

digital impressions with two intra-oral scanners (IOS) to stone casts from conventional 

impressions. The hypothesis was that printed casts would be more accurate than stone casts 

from conventional impressions. A mandibular stone cast with Kennedy class II edentulism 

was fabricated using two internal connection tissue-level implants at 30 degrees to each other 

(Replace Select RP, Nobel Biocare) to serve as master. Digital impressions (n = 10) were 

made with the white light (WL) and Active Wave front Sampling technology (AWST) IOS. 

The resultant standard tessellation language (STL) datasets were used to print implant casts 

through stereolithography (SLA) prototyping. The conventional casts (n = 10) were 

produced with splinted open tray impression technique and polyether material in type IV 

stone. The master cast and all groups were digitized with lab reference scanner. The test 

groups STL datasets were superimposed to master cast STL in inspection software 

(Geomagic control 2015) to calculate root-mean-square error. The conventional, WL IOS 

and AWST IOS groups had mean values of 53.49 μm (SD 9.47), 108.09 μm (SD 9.59) and 

120.39 μm (SD 5.91), respectively. The Shapiro-Wilk test showed no evidence of 

nonnormality (p = 0.131) and Levene's test showed no evidence of heterogeneity of variance 

(p = 0.518). The one-way ANOVA demonstrated a statistically significant difference (p < 

0.001). Tukey's honest significant difference (HSD) showed statistically significant 

differences between all groups: for the comparison of AWST IOS and WL IOS, the p-value 

was 0.009, and the p-values of the other post hoc tests were <0.001. Printed casts generated 

from digital impressions for partially edentulous posterior mandibular arches had inferior 

accuracy to conventional stone casts fabricated from splinted open tray impressions. The 

printed casts from WL IOS had better accuracy compared to AWST IOS.21 

 

17. An in vitro study was done to evaluate the accuracy of digital impressions by intraoral 

scanner (IOS) systems in comparison to conventional impressions for recording the position 
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of 2 parallel implants and 2 divergent implants. In vitro 3-unit prosthesis master models with 

2 tissue level implants were fabricated; one model had parallel implants, and the other model 

had one 15° tilted implant. The conventional open-tray impressions were obtained with non-

splinted (NSP) and splinted (SP) impression copings. Trios 4 (TS), Medit i500 (MT), and 

True Definition (TD) were used to make digital impressions with scan bodies. A total of 10 

impressions were obtained with every technique. The virtual test images of the conventional 

and digital impressions were converted to 2 virtual implant images. For each group, trueness, 

precision, inter-implant distance deviation, and angle deviation were measured. A general 

tendency for digital impressions to provide a more accurate outcome for trueness, precision, 

and angle deviation. The 2 conventional impressions showed similar accuracy, except for 

the angle deviation, where the NSP was significantly inferior to SP (p < 0.01) for the 

divergent implants model. The TD was generally the least accurate among all the IOS 

systems, especially for the inter-implant distance deviation (p < 0.05).Within the limitations 

of the laboratory set-up of the present study and the limited clinical resemblance, the digital 

impressions appeared to have sufficient accuracy for 2 implants and were least affected by 

the presence of angle between implants. The most inferior outcome was observed for the 

NSP technique.22 

 

18. A review study was done regarding the development of intraoral scanners; their 

trueness and precision have been evaluated. Through these studies, the amount of accuracy 

that can be expected from intraoral scanners have gradually been disclosed, at the same time, 

it was difficult to integrate the results of individual studies due to differences in evaluating 

methods between studies. The purpose of this review study was the currently available 

evidence, summarised what is currently known about IOS and evaluate methods of each 

study. Most of the studies were conducted in vitro. The accuracy was evaluated in situations 

such as single missing teeth, partially edentulous ridges with multiple missing teeth, and 
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fully edentulous jaws. To evaluate the accuracy, direct measurement of distance or angle by 

coordinate measuring machines and calculation of surface deviation by superimposing 

surface data were predominantly performed. The influence of parameters such as the number 

of implants, distance between implants, angle between implants, and experience of the 

operator were evaluated. Many studies have shown that trueness tends to decrease as the 

distance between the implants and the scan range increases. It was agreed that the implant 

angle did not affect either trueness or precision. Regarding other factors, the results varied 

among studies. Therefore, the effects of these parameters were not clear. Heterogeneity in 

the research methodology was prevalent among the studies considered in this review. 

Therefore, we cannot make a decisive statement regarding the trueness and precision of 

digital implant impressions by IOSs. So far, the comparison of the numerical values of error 

between studies has yet to elucidate any clear answers, despite small methodological 

differences.23 

 

19. A study was done to provide a reference for using intraoral scanners for making 

clinical diagnostic dentures of edentulous jaws by comparing the accuracy of three intraoral 

scanners for primary impression and jaw relation record of edentulous jaws. The Study 

contained 6 primary impressions of the edentulous patients. Each of the impressions 

consisted of the maxillary primary impression, the mandibular primary impression and the 

jaw relation record. For each of them, a dental cast scanner (Dentscan Y500) was used to 

obtain stereolithography (STL) data as reference scan, and then three intraoral scanners 

including i500, Trios 3 and CEREC Primescan were used for three times to obtain STL data 

as experiment groups. In Geomagic Studio 2013 software, trueness was obtained by 

comparing experiment groups with the reference scan, and the precision was obtained from 

intragroup comparisons. Registered maxillary data of the intraoral scan with reference scan, 

the morphological error of jaw relation record was obtained by comparing jaw relation 
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record of the intraoral scan with the reference scan. Registered mandibular data with jaw 

relation record of intraoral scan and the displacement of the jaw position were evaluated. 

Independent samples t test and Mann-Whitney U test in the SPSS 20.0 statistical software 

were used to statistically analyze the trueness, precision and morphological error of jaw 

relation record of three intraoral scanners. The Bland-Altman diagram was used to evaluate 

the consistency of the jaw relationship measured by the three intraoral scanners. Therefore 

it was concluded that three intraoral scanners showed good trueness and precision. The i500 

and Trios 3 scanners had more errors in jaw relation record, but they were used as primary 

jaw relation record. It is suggested that three intraoral scanners can be used for obtaining 

digital data to make diagnostic dentures and individual trays, reducing possible deforming 

or crack when sending impressions from clinic to laboratory.24 

 

20. An in vitro study was done to evaluate the effect of an additional reference object in 

the form of additional artificial landmarks on the trueness and precision of different intraoral 

scanners in partially and completely edentulous areas. Partially and completely edentulous 

models with 2 and 4 implants (BLT, RC, Institut Straumann AG), respectively, were used in 

the study. For the digital scan, scan bodies (CARES Mono Scanbody) were attached, and 

reference data obtained by using industrial scanners. Ten digital scans of the same model 

were made with each intraoral scanner: PRIMESCAN, TRIOS 3, TRIOS 4, Carestream 

3600, and Medit. Then, additional artificial landmarks were attached, and 10 more intraoral 

scans were made with each device. Computer-aided design files of the scan bodies were 

aligned to obtain 3-dimensional surfaces with reference and test scanners. Trueness and 

precision of distance, angulations, and vertical shift between scan bodies were estimated. 

The Mann-Whitney Wilcoxon or Student 2-sample t test was applied to estimate statistically 

significant differences between groups (α=.05). So, the effect of additional artificial 

landmarks were limited when the accuracy parameters of digital scans were 
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considered.Scans with and without additional artificial landmarks of partially edentulous 

conditions scanned by any of the intraoral scanners tested did not influence precision and 

trueness, except for Medit i500 in the distance and vertical shift parameters and 

CARESTREAM3600 in vertical shift. Precision and trueness of digital scans of completely 

edentulous areas were affected, except for Medit i500 for distance, PRIMESCAN and 

TRIOS 4 for angle, and all systems except TRIOS 4 for vertical shift precision.25 

 

21. An ex vivo study was  done to compare the trueness of 5 intraoral scanners in 

replicating implant scan bodies and soft tissues in an edentulous maxilla and to investigate 

the effects of operator experience.The maxilla was resected from a fresh cadaver, 5 implants 

placed, and a reference scan made. Eight scans were made by experienced operators and 8 

by an inexperienced operator with each scanner (iTero Element 2, Medit i500, Primescan, 

TRIOS 3, TRIOS 4). The implant platform deviation was measured after complete surface 

alignment and after scan body alignment. Deviation data were analyzed with a generalized 

linear mixed model (α=.05).It was concluded that Mucosal alignment greatly overestimated 

the platform deviation. The intraoral scanners showed different trueness during the 

complete-arch implant scanning. The operator experience improved the trueness of the 

edentulous mucosa but not implant platform deviation.26 

 

22. An in vitro study was to measure the complete-arch trueness and precision of 3 

commercially available intraoral scanners equipped with the latest software version and 

compare them by using a laboratory scanner as reference. Nineteen maxillary and 19 

mandibular completely dentate stone casts previously acquired from 19 patients by using a 

polyvinyl siloxane (PVS) dual mix impression and stock trays were scanned with 3 intraoral 
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scanners (TRIOS 3; 3Shape A/S, i500; Medit, and Emerald; Planmeca) using their latest 

software versions. The same casts were also scanned with a laboratory scanner (E3; 3Shape 

A/S) that served as the reference scanner. Files were exported in standard tessellation 

language (STL) format and inserted into a metrology 3D mesh comparison software program 

(CloudCompare). With regard to completely dentate arch trueness, the Planmeca Emerald 

IOS had statistically lower trueness. With regard to complete dentate arch precision, the 

3Shape A/S TRIOS 3 IOS was the statistically more precise scanner. So, with regards to 

reference scanner file estimation, the Medit i500 IOS produced files that significantly 

underestimated the reference scanner files. All 3 tested scanners exhibited a completely 

dentate arch average accuracy below 100 μm in vitro.27 

 

23. An in vitro study was done to evaluate and compare the trueness (validity) and 

precision (reliability) of 2 intraoral scanners by scanning a quadrant and a sextant.A 

maxillary typodont with plastic teeth made from a shade A3 polymethyl methacrylate was 

scanned (n=10) with each intraoral scanner (Planmeca Emerald and 3Shape TRIOS 3) to 

obtain sextant and quadrant scans. Control scans were made with an industrial optical 

scanner. The scans were analyzed with a 3D reverse engineering software program and an 

independent samples t test and general linear model 2-way analysis of variance (α=.05).The 

3Shape TRIOS 3 scanner showed no significant difference between the sextant and quadrant 

scans in trueness (P=.118) or in precision (P<.285). The Emerald scanner had statistically 

significant higher trueness for the sextant scan (P=.007). The 3Shape TRIOS 3 scanner had 

better performance in trueness and precision when compared with the Emerald scanner. The 

3Shape TRIOS 3 scanner were found to be more accurate than the Emerald scanner in terms 

of trueness and precision, regardless of the scanning field. The Emerald scanner's trueness 

decreased as the scanning field increased from a sextant to a quadrant.28 
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MATERIAL AND METHODS 

 

This study is conducted to compare the accuracy of full arch digital implant impression with 

analog impression. 

   

The study was carried out in: 

• Department of prosthodontics, crown and bridge and implantology, SDM College of 

Dental science and hospital, Dharwad 

• Dr.Kuber Sood (Affinity Premium Dental Clinic in Kamla Nagar, Delhi) 

• Dr.Anshul Mel (Mel digital dental solution,4/69,Haripura,Malifalia,Pirchhadi Road, 

Surat)  

 

 

Armamentarium used for the study: 

 

Model Mould (Edentulous Jaw) [EDE1001-UL-MO] 

Hindustan Modelling Wax No. 2 

Star rock (hard stone) type 4 

SND 250g Summer Use Dental Laboratory Materials Red Base Plate Modelling Wax 

DPI RR Cold Cure Powder (Pink)  

Dpi Heat Cure Powder (Clear) 

DPI RR Cold Chemical Cure Monomer 

DPI RR Cold Chemical Cure Monomer 

GC Pattern Resin Ls 1-1 Package (Acrylic Die Material) 

Colgate Waxed Dental Floss - 25 m 
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Dental analog: DAN38D (D - 4.5, L – 12.0, G/H – 2.0) 

Scanning jig: SCJ14565 (D – 4.5, L – N/A, G/H – N/A) 

Dentium – NRLine Fixture Level Impression Coping  

 

 

Intra- oral scanner with the following configuration: 

 3SHAPE: Trios 3  

            Trueness (accuracy): 6.9 ± 0.9 µm 

Precision (consistency):4.5 ± 0.9 µm 

Weight (incl. battery):373g 

Light source: LED 

Output format: PLY, DCM and STL 

Size: 4,2 x 27,4 cm / 1 x 2 inches 

Diameter: 12 cm / 3 inches 

 

Workstation computer with the following configuration: 

 

Dell Precision 15 (5540) NEW 

3Shape item no: 20000204 

Dell ProSupport: 3 Years Onsite service 

Display: 15.6 inch UHD (3840 x 2160) with touch 

Processor: Intel® Core™ i7 9th Generation (or better) 

Memory: 32 GB (or more) DDR4, 2666 MHz 

Disk: 1TB SSD (or more) 

Graphics card: NVIDIA® Quadro T1000 (4 GB) 

Keyboard: Regional, depending on availability 
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Operating system: Windows 8.1 Pro or Windows 10  

Pro  

Dim.: 357mm (14”) x 235mm (9.3”) x 17mm (0.7”) 

Weight: 1.8 Kg (4.0 lbs. 

 

 

Software used:  

Exocad DentalCAD; exocad GmbH  
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                                            DIGITAL WORKFLOW 
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A mandibular acrylic cast containing four inter-foraminal internal connection implant 

analogues (bone-level implant analogs, dentiumUSA superline) was fabricated to mimic a 

routinely occurring clinical situation. DPI modelling wax was poured into silicon rubber 

mandibular mould, in order to facilitate placement of lab analogs to mimic all-on-four 

concept. Then this was processed to obtain heat cure clear acrylic model. For jig verification, 

impression copings were placed on the acrylic cast, connected to the implant analogues and 

splinted with auto-polymerizing acrylic resin (Pattern Resin, GC America) with the aid of 

dental floss. After the polymerization of pattern resin the splinted impression copings were 

separated using a fine disc (Dia-cutTM diamond cutting knife edge).  The splinted impression 

copings were re-joined using freshly mixed acrylic resin and allowed to polymerize for 

atleast 20 minutes. After the polymerization of the acrylic resin the verification jig was 

unscrewed and removed from the acrylic cast. Two layers of baseplate wax were used to 

create a desired space of 2mm and then self-cure acrylic resin custom tray was fabricated on 

which marks were made to standardize tray positioning during open-tray impression making.  

As the clear acrylic cast cannot be scanned and digitized, a stone master cast was fabricated 

from the acrylic cast (to function as a control) by making a splinted open-tray impression 

using polyether (Impregum; 3M ESPE, St. Paul, MN, USA) and connecting implant analogs 

to the impression copings. The impression was then poured with low expansion (0.09%) type 

IV stone with the double pouring technique. Once the stone cast was completed, it served as 

the master cast (control) for all two groups. The impression procedures led to two test groups. 
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 GROUP I: IMPLANT IMPRESSION PROCEDURES  

 

Splinted open-tray, implant-level impressions - 

Implant-level impression copings were secured to the implant analogs in the acrylic resin 

cast. The impression copings were splinted using acrylic pattern resin. This was then 

sectioned and connected to the impression copings by adding a small quantity acrylic pattern 

resin. Impressions were then made using polyether impression material (3M ESPE). The 

double pouring technique was used with low expansion (0.09%) type IV dental stone (Resin 

Rock; Whipmix Corp) to minimize the stone volumetric expansion .This process was 

repeated 20 times to produce 20 stone casts. 

 

GROUP II: DIGITAL IMPLANT-LEVEL IMPRESSIONS WITH                                        

INTRAORAL SCANNER 

 

Digital implant impression procedures following the manufacturer’s protocol, 20 each model 

repeated digital impressions were made with a digital intraoral scanner (TRIOS; 3shape, 

Denmark) at implant level that uses LED light with Trueness (accuracy): 6.9 ± 0.9 µm and 

Precision (consistency):4.5 ± 0.9 µm.. This digital intraoral scanner also uses confocal optical 

imaging technology to generate digital point cloud surfaces that can be exported as STL 

datasets and is used for both partial and complete arch intraoral scans. PEEK Scan bodies 

(Dentium® Superline™: SCJ14565) were connected to the implant analogs on the models by 

finger key tightening. The digital implant impressions were gradually captured by scanning 

the models and implant scan bodies with the scanner’s handheld wand with spraying powder. 
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After the acquisition of ten each group repeated digital impressions, the digital volumes were 

exported as STL files for comparison. 

 

                        STL FILE SUPERIMPOSING PROCEDURE 

Imported .STL files were saved on the desktop and then opened on the EXOCAD software. 

Tools option was selected in expert mode to add or remove the mesh. Then 9 or 12 points 

were marked to align the respective models and .STL files were superimposed; similarly all 

scans were imported into software (exocad DentalCAD) for data analysis. The .STL files 

were aligned to the area of interest (4 scan bodies) using a best-fit alignment. This allowed 

comparing only the scan bodies, thereby excluding all other irrelevant parts of the model. 3D 

comparison was done following superimposition.   
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  Modelling wax model  

    Heat cure clear acrylic model 
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(d) 

 
(a) Dentium – NRLine Fixture Level Impression 

Coping 

(b) Scanning jig:SCJ14565 

(c) And (d) Dental analog 
 

 GC Pattern Resin Ls 1- 1 Package (Acrylic Die 

Material) 
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The model with impression copings splinted 

with dental floss  

Splinting done with GC Pattern Resin 
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The modified custom tray 

Intaglio view of impression  

With copings visible. 
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Poured cast with implant analogs 
 

Master model with scan bodies  
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   3SHAPE: Trios 3 

     Workstation computer  
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 Master model digitized with 

 high-precision Trios 3 scanner. 

 

.STL files before superimposing  
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Superimposing reference points  
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RESULTS 

 

GROUP-I RESULTS  

 

SR.NO

. 

SCAN BODY 1 SCAN BODY 2 SCAN BODY 3 SCAN BODY 4 

1.  0.05 0.01 0.02 0.04 

2.  0.01 0.01 0.03 0.1 

3.  0.04 0.02 0.01 0.05 

4.  0.01 0.05 0.05 0.01 

5.  0.05 0.01 0.01 0.05 

6.  0.01 0.05 0.01 0.05 

7.  0.01 0.04 0.05 0.01 

8.  0.08 0.09 0.01 0.01 

9.  0.09 0.08 0.1 0.02 

10.  0.02 0.04 0,08 0.02 

11.  0.01 0.01 0.08 0.09 

      12. 0.03 0.02 0.07 0.07 

      13. 0.02 0.08 0.05 0.06 

      14. 0.05 0.01 0.01 0.08 

      15. 0.04 0.01 0.06 0.01 

      16. 0.02 0.01 0.04 0.04 

      17. 0.04 0.08 0.06 0.03 

      18. 0.03 0.01 0.01 0.01 

      19. 0.02 0.01 0.02 0.05 

      20. 0.02 0.02 0.01 0.04 
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GROUP-II RESULTS  

 

SR.NO

. 

SCAN BODY 1 SCAN BODY 2 SCAN BODY 3 SCAN BODY 4 

1.  0.01 0.01 0.01 0.01 

2.  0.01 0.01 0.01 0.01 

3.  0.01 0.01 0.01 0.01 

4.  0.01 0.01 0.01 0.01 

5.  0.01 0.01 0.01 0.01 

6.  0.01 0.01 0.01 0.01 

7.  0.01 0.01 0.01 0.01 

8.  0.01 0.01 0.01 0.01 

9.  0.01 0.01 0.01 0.01 

10.  0.01 0.01 0.01 0.01 

       11. 0.01 0.01 0.01 0.01 

       12. 0.01 0.01 0.01 0.01 

       13. 0.01 0.01 0.01 0.01 

       14. 0.01 0.01 0.01 0.01 

       15. 0.01 0.01 0.01 0.01 

       16. 0.01 0.01 0.01 0.01 

       17. 0.01 0.01 0.01 0.01 

       18. 0.01 0.01 0.01 0.01 

       19. 0.01 0.01 0.01 0.01 

       20. 0.01 0.01 0.01 0.01 
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DIFFERENCE IN THE SCAN BODIES AMONG THE GROUPS 

 

 
 Mean Std. 

Deviation 

median  Q1 Q3 Mann-

Whitney 

U 

p value 

scan 

body 1 

Group 

1 

0.036 0.03098 0.025 0.01 0.0575 25 0.01* 

Group 

2 

0.01 0 0.01 0.01 0.01 

scan 

body 2 

Group 

1 

0.037 0.0302 0.03 0.01 0.0575 20 0.005** 

Group 

2 

0.01 0 0.01 0.01 0.01 

scan 

body 3 

Group 

1 

0.037 0.03234 0.025 0.01 0.0575 20 0.005** 

Group 

2 

0.01 0 0.01 0.01 0.01 

scan 

body 4 

Group 

1 

0.043 0.03234 0.045 0.01 0.06 15 0.002** 

Group 

2 

0.01 0 0.01 0.01 0.01 

overall Group 

1 

0.0383 0.01414 0.03 0.03 0.0475 
 

<0.001** 

Group 

2 

0.01 0 0.01 0.01 0.01 
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There was a difference in the scan bodies data for digital and conventional impressions 

among all the scan bodies individually and when combined. The deviation from 5.3mm was 

more in group I for all the scan bodies individually and when combined in comparison to 

group 2. This difference was statistically significant.  

However, amongst the scan bodies deviation of 5.3 mm is seen which gives 0.4% misfit `  

0.036

0.01

0.037

0.01

0.037

0.01

0.043

0.01

0.0383

0.01

group 1 group 2 group 1 group 2 group 1 group 2 group 1 group 2 group 1 group 2

scan body 1 scan body 2 scan body 3 scan body 4 overall

DIFFERENCE IN THE SCAN BODIES AMONG 

THE GROUPS
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RESULTS AFTER SUPERIMPOSING GROUP-I AND GROUP-II  

 

    SR.NO. Scan body 1             Scan body 2 Scan body 3  Scan body 

4 

  

         Mean  

    

 Model 

number-1  

        

        0.02 

       

         0.05 

 

          0.08 

      

       0.06 

  

           0.21 

   

  Model 

number-2 

 

 

        0.04 

 

         0.05 

 

         0.08 

 

      0.02 

 

          0.19 

  

Model 

number-3 

        

       0.02 

         

         0.05 

 

         0.09 

 

       0.01 

 

          0.17 

  

  Model 

number-4 

 

      0.01 

 

         0.02 

 

         0.04 

 

      0.01 

 

        0.08 

 

Model 

number-5 

 

     0.04 

 

         0.05 

 

          0.1 

 

      0.01 

 

         0.2 

Model 

number-6 

 

     0.04 

 

         0.05 

 

        0.02 

 

      0.01 

 

       0.12 

Model 

number-7 

 

     0.05 

 

         0.02 

 

       0.01 

 

       0.1 

 

        0.18 

Model 

number-8 

 

    0.04 

 

         0.05 

 

       0.02 

 

      0.04 

 

       0.15 
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Model 

number-9 

 

   0.01 

 

         0.05 

 

       0.08 

 

      0.06 

 

      0.20 

 Model 

number-10 

 

 

   0.04 

  

         0.04 

 

       0.09 

 

      0.05 

 

       0.22 

  Model 

number-11 

 

   0.01 

 

         0.06 

 

       0.02 

 

      0.05 

 

     0.14 

 Model 

number-12 

    

    0.1 

 

         0.08 

 

      0.04 

 

      0.09 

 

      0.31 

  Model 

number-13 

 

   0.05 

 

         0.01 

 

      0.04 

 

       0.05 

 

     0.15 

  Model 

number-14 

 

 

   0.09 

 

        0.08 

 

      0.04 

 

       0.02 

 

      0.23 

  Model 

number-15 

 

 

   0.05 

 

        0.06 

 

      0.01 

 

      0.04 

 

      0.16 

Model 

number-16 

 

     0.09 

 

       0.08 

 

        0.04 

 

      0.05 

 

        0.26 

   Model 

number-17 

 

 

    0.08 

 

       0.04 

 

        0.05 

 

      0.02 

 

       0.19 

Model 

number-18 

 

     0.06 

 

        0.02 

 

        0.04 

 

       0.01 

 

      0.13 

   Model 

number-19 

 

 

     0.02 

 

       0.08 

 

        0.01 

 

        0.1 

 

      0.21 

   Model 

number-20 

 

 

     0.01 

 

       0.04 

 

        0.08 

 

       0.01 

 

     0.14 

   Model 

number-21 

 

 

     0.04 

 

         0.01 

 

        0.08 

 

      0.05 

 

     0.18 
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SCAN BODY 1 

 
Frequency Percent 

0.01 4 19 

0.02 3 14.3 

0.04 6 28.6 

0.05 3 14.3 

0.06 1 4.8 

0.08 1 4.8 

0.09 2 9.5 

0.1 1 4.8 

Total 21 100 

Chi-Square 8.333 

P value 0.304 

 

Table 1: shows the frequency distribution of STL after superimposition for scan body 1. 

Maximum frequency is observed for 0.04 values (). Difference seen the distribution is not 

statistically significant 
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SCAN BODY 2 

 
Frequency Percent 

0.01 2 9.5 

0.02 3 14.3 

0.04 3 14.3 

0.05 7 33.3 

0.06 2 9.5 

0.08 4 19 

Total 21 100 

Chi-Square 5.000 

p value 0.416 

 

Table 2 shows the frequency distribution of STL after superimposition for scan body 2. 

Maximum frequency is observed for 0.05 values (). Difference seen the distribution is not 

statistically significant. 
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SCAN BODY 3 

 
Frequency Percent 

0.01 3 14.3 

0.02 3 14.3 

0.04 6 28.6 

0.05 1 4.8 

0.08 5 23.8 

0.09 2 9.5 

0.1 1 4.8 

Total 21 100 

Chi-Square 7.333 

p value 0.291 

 

Table 3 shows the frequency distribution of STL after superimposition for scan body 3. 

Maximum frequency is observed for 0.04 values (). Difference seen the distribution is not 

statistically significant.   
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SCAN BODY 4 

 
Frequency Percent 

0.01 6 28.6 

0.02 3 14.3 

0.04 2 9.5 

0.05 5 23.8 

0.06 2 9.5 

0.09 1 4.8 

0.1 2 9.5 

Total 21 100 

Chi-Square 6.667 

p value 0.353 

 

Table 4 shows the frequency distribution of STL after superimposition for scan body 4. 

Maximum frequency is observed for 0.01 value (). difference seen the distribution is not 

statistically significant.  
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OVERALL 

 
Frequency Percent 

0.01 15 17.9 

0.02 12 14.3 

0.04 17 20.2 

0.05 16 19 

0.06 5 6 

0.08 10 11.9 

0.09 5 6 

0.1 4 4.8 

Total 84 100 

Chi-Square 18.85 

p value 0.009* 

 

Table 5 shows the frequency distribution of STL after superimposition for all the scan bodies 

together. Maximum frequency is observed for 0.04 value (). Difference seen in the 

distribution is statistically significant. 
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DISCUSSION 

The application of CAD/CAM technology was brought into dentistry by Dr. Francois Duret. 

The first digital intraoral scanner exclusive for dentistry was developed by a Swiss dentist, 

Dr. Werner Mormann in collaboration with an Italian engineer, Marco Brandestini. These 

fundamentals helped in the manufacturing of the first CAD/CAM system for dentistry. The 

system was made commercially available as CEREC by Sirona Dental Systems LLC 

(Charlotte, NC). A shift in the paradigm of impression making has occurred with the 

development and modifications in intraoral scanner technology. Although the first intraoral 

scanner was commercially made available two decades ago, it is only recently that the 

popularity of these systems has grown immensely. In the past five years, five new intraoral 

scanners have been developed and successfully introduced. Intraoral scanning seems to have 

overcome certain disadvantages that conventional impression making had to offer. Intraoral 

scanning simplifies the traditional workflow, helps in creating and maintaining a database for 

future interventions, maintains medicolegal and jurisdiction importance, and implements the 

workflow for designing and manufacturing prosthesis on highly accurate digital models of 

natural teeth and surrounding structures. Increased accuracy and precision seem to be one 

explanation for the immense popularity of intraoral scanners30. A well-fitting prosthesis is 

important to avoid complications and assure the longevity of the construction, though not 

easy to achieve. 

The traditional digital workflow used to lead a prosthesis fabrication is as follows: the dentist 

makes an impression of hard and soft tissues using impression trays and impression materials 

which are sent to a dental laboratory for further processing. In the laboratory, a technician 
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creates a model which is scanned to achieve a 3D virtual model, and the prosthesis is 

designed utilizing CAD/CAM systems and later sent to a milling machine. The milling 

machine mills the prosthesis and it is tried in the patient's mouth and cemented31.  

Digital workflow in dentistry relies on different techniques: from data acquisition of the 

prepared tooth with an intraoral scanner (IOS) to computer-aided designing (CAD) in dental 

modelling software to the use of additive and subtractive manufacturing systems for 

manufacturing restorations in materials ranging from polymers to monolithic ceramics32. 

Digital impressions offer many advantages over conventional impressions. They provide 

virtual diagnostic assessment of treatment planning, reduced distortion of impression 

materials, patient acceptance, time and cost effectiveness. Despite these advancements, at 

present, digital impressions cannot fully replace the conventional impression for restorative 

procedures because of limited technologic resources and practicability in the prosthetic 

workflow. Determining how digital technology can be applied in a digital workflow is 

essential in the course of treatments33. 

The application of CAD/CAM in dentistry has improved the accuracy of the frameworks 

when compared to the conventional casted frames. The misfit in conventional frameworks is 

largely caused by errors that occur during the impression making and the preparation of the 

stone cast. To eliminate these errors, the concept of digital impression was introduced. When 

evaluating the fit of a tooth-supported crown, digital impressions resulted in a better fit 

compared to conventional impressions. Although digital impressions clearly improved the 

framework fit of tooth-borne restorations; its final accuracy will still vary, depending on the 

shape of the preparations and the span of the framework. 

Digital impressions have proven their worth in terms of accuracy when single implants are 

taken into account but their accuracy remains questionable for long span implant-based 
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prosthesis. Implant-supported frameworks still have demonstrated micro-gaps up to 38µm, 

depending on the span of the construction the shape and span of the framework are amongst 

the factors that contribute in the final accuracy34. 

Scanning a single implant can be done with high predictability, as was shown in several 

studies and case reports. When using a monolithic restoration, a complete digital workflow is 

possible as the abutment and crown are virtually designed and manufactured in their final 

shape. However, when scanning multiple implants in an edentulous jaw, some difficulties 

may arise.  As multiple, identical scanbodies are used, it may be difficult for the intra-oral 

scanner to distinguish one from another and thus identify the correct location in the jaw. 

Intra-oral scanners that work with a photosystem may paste images of different scan bodies 

on top of each other35. 

Various intraoral scanners have been tried and tested for impression making in dentistry. In 

December 2010, 3Shape announced the launch of a new patient-friendly and high-

performance intraoral scanning solution, named TRIOSTM. The TRIOSTM system works 

according to the principle of confocal microscopy, with a fast scanning time. The light source 

provides an illumination pattern producing a light oscillation on the object. This 

variation/oscillation may be spatial and/or it may be time varying. The system produces a 

variation of the focus plane of the pattern as well, over a range of focus plane positions, 

Progress portable system while maintaining a fixed spatial relation of the scanner to the 

object. When a time varying pattern is applied, a single sub-scan is actually the collection of a 

certain number of 2D images, corresponding to different positions of the focus plane and to 

their respective different time instances of the illumination pattern. When the focus plane 

coincides with the scanned surface at certain pixel position, the pattern is projected onto the 

surface point in-focus and it has high contrast, thereby giving rise to a large amplitude 

variation of the pixel values over time36. It is thus possible to identify specific settings of the 
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focusing plane, which make each pixel to be in focus. In other words, it is possible to 

transform the contrast information vs. position of the focus plane into 3D surface 

information, pixel by pixel. The third dimension of the scanned object is determined by 

finding the plane corresponding to a peak in the correlation measured for each sensor 

belonging to the camera's sensor array. A peculiarity of this system is the variation of the 

focal plane position without moving the scanner in relation to the object being scanned. The 

focal plane should be continuously varied in a periodic fashion with a predefined frequency, 

while the pattern generation means, the camera, the optical system and the object being 

scanned fixed in relation to each other. Further, the 3D surface acquisition time should be 

small enough to reduce the bias produced by involuntary relative movements between the 

probe and the teeth. The scanning system has the property of telecentricity in the space of the 

object being scanned and this property as well as magnification scale can be maintained while 

shifting the focal plane29, 36. 

3Shape TriosTM  for intraoral scanning was chosen for in-vitro analysis by Vendeweghe et al 

(2016) to make digital impression of edentulous arch35. The accuracy of digital impression by 

3Shape TriosTM was found to be most accurate and had very minimal deviation when 

compared to the control group. It can be seen that the accuracy of the impressions made by 

the intraoral scanning are statistically better than the ones made by conventional splinted 

open-tray implant level impressions. Superimposition of images obtained is the standardised 

method of analysing accuracy and precision. Therefore, in present study utilised 3Shape 

TriosTM  for intraoral scanning38. 

 The results obtained from numerous studies performed through the globe have varying 

results. It is not surprising as the analysis parameters have not been standardised.  Ender et al. 

concluded that complete arch impressions made by conventional techniques were more 

accurate then digital scans. Also, the paths of deviations were vague and unclear when digital 
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scans were evaluated38. Kuhr et al. evaluated the trueness and precision of complete-arch 

digital impressions using multiple intraoral scanners and reported that all the tested intraoral 

scanners were significantly less accurate when compared to conventional impression 

techniques39. A newer technique for analysing the accuracy and precision of full mouth 

impressions using conventional and digital impressions (3Shape TRIOSTM) were made using 

a computerized coordinate measuring machine (CMM) to analyse the amount of three- 

dimensional displacement of implant components. Seo et al (2021) concluded that the 

accuracy of conventional impression making techniques is better than the ones acquired 

intraorally through digital scanning40.  

 In a systematic review by Papaspyridakos et al (2014), it was concluded that the accuracy of 

impression making techniques (digital, splinted, non-splinted and conventional techniques) 

for partially edentulous mouths are similar and acceptable and have no statistical significant 

difference. The choice of impression making techniques depends on factors like the implant 

size, implant placement angulation, availability of technology and skills of the operator 41. 

Papaspyridakos et al. (2015) compared a digital impression system (Trios) with several 

conventional (polyether splinted and non-splinted) impression techniques for the registration 

of five implants in the edentulous mandible. The authors found no significant differences 

between the digital and conventional impression methods and concluded that digital 

impressions could be used for implant impressions in the edentulous jaw 42.  

 Mercedes et al. (2020) from his study concluded that most IOSs provide sufficient accuracy 

for successfully manufacturing single and partial implant supported prosthesis having 4 units 

and implant supported bars. In digital dental impression it was observed that more the 

number of scan bodies on the edentulous arch, the greater is the accuracy and lesser is the 

discrepancy across the arch. However the feasibility for digital full arch impression in 
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edentulous patients should still be considered43. In the present investigation we have placed 

four implants and recorded the digital impression of these four implant scan bodies. The 

increase in the number of implants placed will decrease the distance between the scan bodies 

and hence provide greater accuracy with minimal discrepancy in accordance to the findings 

of Mercedes et al .So, as discussed by Mercedes et al we would like to conclude that by 

increasing the number of implants and decreasing the edentulous span accuracy will be better. 

Taking the area of interest of the study into consideration, the systematic review by Ryan M. 

Mizumoto et al attempted to focus on the relationship between certain scan body features and 

the accuracy of the resulting digital impressions45. The number of published studies was 

limited because of the relatively short time that ISBs have been used in implant dentistry. 

Even after an ISB has been positioned properly within the fixture, other factors may influence 

the ability to scan and accurately digitize its surfaces45. These factors may be related to the 

positioning within the arch and neighbouring structures as well as the scanning technology 

and physical features of the ISB being used. In the present study, Dentium SCJ14565 scan 

bodies were used with a simplified geometry for better accuracy experience.  

The intention of this in-vitro study was to compare the influence of digital impressions 

procedures and conventional impressions on the accuracy of the final implant prosthesis. An 

in-vitro setup was selected to assess the full potential of digital impressions for the fabrication 

of implant prosthesis under standardized EXOCAD software. Though a clinical setup would 

have been closer to reality, we abstained from this approach for different reasons: firstly, an 

in vivo situation cannot be standardized and patients willing to undergo several digital and 

conventional impressions are hard to find. Secondly, the investigations primarily focused on 

the best possible accuracy that can be obtained under ideal conditions eliminating the 

influence of clinical error sources like bleeding, saliva, limited access, different types long 

span edentulous arches.  
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Only a few scientific studies have been published regarding the accuracy of digital 

impression system for implant rehabilitations. Direct digitization showed higher accuracy 

compared to conventional impression making and to indirect digitalization. Due to the elastic 

properties of the impression materials, indirect digitization of the impression was not 

recommended. Furthermore, the digitization of impressions can be a source of error due to 

the shape of the impression and the interaction effect with the digitization source. The 

digitization of a surface with strong changes of curvature and smooth surface texture showed 

the largest deviations due to high surface angles and light reflection from the digitization 

source to the object .Three-dimensional analysis to know the trueness of complex objects and 

surfaces is difficult .The superimposition of test and reference datasets by a repeated best-fit 

algorithm was the best methodological compromise to investigate the accuracy of the objects 

due to the lack of reference points (Guth et al. 2013a)44. Several studies have employed the 

superimposition of 3D datasets and discussed their methodology (Ender & Mehl 2013). Their 

findings were affected by the choice of digitization method, reference scanner, best-fit 

alignment, distribution and number of surface data points, which was not available for the 

researchers. In this study, one reference scanner 3shapeTrios with  Trueness (accuracy): 6.9 ± 

0.9 µm and Precision (consistency):4.5 ± 0.9 µm was used to create the 3D datasets, and the 

number of data points were 9 to 12 and evenly distributed per resolution to minimize the 

uncertainty caused from the data capturing and analysis process. 

Strength of this study is characterized by the fact that only a small number of articles have 

used accuracy of long span edentulous arch as a term of comparison between a fully digital 

versus conventional approach. The results of the present clinical protocol were in contrast 

with a previous review evaluating conventional impressions accuracy as compared to digital 

implant impressions since both techniques appeared to be the leading techniques for implant-

supported full arches long-span rehabilitations. 
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Present study is one of the initial studies that investigate the accuracy of the stone models 

from conventional implant impressions and clear acrylic models for digital implant 

impressions. The results indicate that the accuracy between the stone models and clear acrylic 

models is statistically insignificant when individual scan bodies were considered the values 

but when the edentulous span with all the four scan bodies were considered, it had a major 

influence on the accuracy which made it statistically significant.  

So, this study advocates a satisfactory accuracy and predictability of the IOS to be a reliable 

alternative in clinical practice to the conventional workflow for implant full-arch 

rehabilitations. The accuracy of CAD/CAM systems has shown to be compatible with 

conventional impressions. On equal terms of the two approaches, the digital workflow seems 

to be a valid choice for full arch rehabilitations due to the less invasive option for patients and 

its time saving. Further studies focusing on the in-vivo and in-vitro use of conventional and 

digital implant impressions with study protocols to reliably assess impression accuracy are 

needed. The performance of clinical studies and RCTs is suggested to raise evidence level for 

impression procedures.  
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LIMITATION OF THE STUDY  

1. In reality the depth, angulation and level at which the implants are placed adds-on to the     

difficulty in making an accurate digital impression. 

2. More the number of implants and scan bodies, better is the accuracy for the digital 

impressions. In the present study only four implants with four scan bodies were used for 

making a digital impression. 

3. In-vivo studies are yet to be conducted to compare the accuracy between digital and 

conventional impression technique to check for the passive fit of the prosthesis. 

4.  Scanner has the accuracy to record details up to 25 µm. Scanners with sensitivity to details 

lesser than 25 µm can be used for further research. 

5. The current color scale available in EXOCAD software gives values in a range rather than 

specific parameters which can be researched in future to give a more accurate value. 

6. The distance between scan body 1 and scan body 2/3/4 should have been considered. 

Nevertheless, keeping these limitations in mind, it can be deduced that the present study was 

substantial for a comparative analysis of conventional impression technique vs digital in 

terms of scan bodies as they were the area of interest for superimposition and it did not 

provide any absolute value for the accuracy. Hence, further studies in the same area coupled 

with long term clinical trials are suggested to evaluate more methods to check accuracy of 

both the techniques. 
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SCOPE OF THE STUDY  

 

The future scope of the current study is evaluating the accuracy of impression with variable 

number of implants at varying distances in long span edentulous arches. A study designed so 

as to evaluate the accuracy of impressions in-vivo and in vitro is the need of the hour. 
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CONCLUSION 

 

1. The accuracy of digital impressions with IOSs is dependent on the optical scanning 

technology, the capture principle, the version of IOS software used, and a periodical 

calibration of the hardware when needed. Additionally, the correct control of clinical factors 

by the clinician such as avoiding the presence of saliva and/or blood over the scan surfaces, 

the use of retractors for soft tissues, and right lighting conditions while scanning is mandatory 

to decrease the chance of scan inaccuracies.  

2. The use of IOSs is recommended for the manufacture of dental prosthesis in short-, 

intermediate-, and most longarch spans with a clinically accepted level of accuracy.  

3. Multiple implant scenarios in edentulous mandibular arches still result in accuracy 

limitations. Nevertheless, new IOS generation, the performance by an IOS experienced 

clinician, and a proper implant location and interimplant distance can lead to the optimal 

resolution of fullarch implant cases with a complete digital workflow.  

4. The ISB’s (intra oral scan bodies) characteristics and its location play an important role in 

the accuracy of the digital implant impressions. 

 

So, this study advocates a satisfactory accuracy and predictability of the IOS to be a reliable 

alternative in clinical practice to the conventional workflow for implant full-arch 

rehabilitations. The accuracy of CAD/CAM systems has shown to be compatible with 

conventional impressions. On equal terms of the two approaches, the digital workflow seems 

to be a valid choice for full arch rehabilitations due to the less invasive option for patients and 

its time saving. Further studies focusing on the in-vivo and in-vitro use of conventional and 
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digital implant impressions with study protocols to reliably assess impression accuracy are 

needed. The performance of clinical studies and RCTs is suggested to raise evidence level for 

impression procedures.  

 

 

 

 

 

 

 



Summary 
 

83 
 

 

SUMMARY  

For long term success of implant fixed complete dental prosthesis (IFCDP), fabrication of 

accurately and passively fitting restoration is of significant importance on their mating 

implants to prevent complication such as screw loosening, bone loss, and abutment fracture 

during function. Standard implant prosthetic techniques rely on implant-level impressions 

and costly casting technology for component fabrication. The lost wax techniques, a mainstay 

of prosthetic laboratory procedures and a principal method of implant abutment fabrication, 

was introduced in 1907. The accuracy of this process is limited by the expansion and 

contraction of impression materials, gypsum, wax, casting investment and alloy.  

The accuracy of impression technique affects accuracy of master cast which in turn affects 

passive fit of the prosthesis. Therefore an accurate implant impression becomes an integral 

prerequisite for obtaining accurate master cast which is the key for fabricating an accurately 

and passively fitting prosthesis. Literature review reports that splinting of impression copings 

as in analog impression technique produces a more accurate definitive cast than non-

splinting, especially in completely edentulous patients. Errors may get introduced in this 

technique due to dispensing and polymerization of impression material, disinfection, 

transportation to lab and pouring of cast. Therefore, digital impressions procedures are 

increasingly used in fixed and implant prosthodontics but there is scanty literature comparing 

full arch analog impression with digital impression. Few in vitro studies are done which 

compared the accuracy of digital impression and analog impression in completely edentulous 

patient. They reported that there was no difference between digital and splinted impression. 

Therefore a study assessing the accuracy of full arch digital impression using intraoral 

scanner and comparing it to analog impression contribute to validation of digital impression 

techniques. Hence the purpose of this study is to compare accuracy and passive fit of full arch 
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digital implant impression with analog impression. Hence there was a difference in the scan 

bodies data for digital and conventional impressions among all the scan bodies individually 

and when superimposed. The deviation from 5.3mm was more in Group I for all the scan 

bodies individually and when combined in comparison to group II. This difference was 

statistically significant.  
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