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                                              ABSTRACT 

Background: 

Prosthesis misfit remains a major concern in implant dentistry due to conventional dental 

impression techniques which have proven to be influenced by materials and techniques. These 

accumulative errors resulting from multiple steps involved in capturing, designing, and 

manufacturing an implant retained prosthesis hamper the realization of a fully passive fitting 

implant restoration. Conventional workflows have shown limitations related to impressions or 

laboratory manufacturing procedures such as dimensional accuracy, stability, polymerization 

time, or patient discomfort. Furthermore, the materials and multiple steps requiring manpower 

and manipulations are time‐consuming and may increase the total cost and the risk of errors 

and inaccuracy of the restorations. Among other factors are number, position, depth, and 

angulation of implants; alveolar bone undercuts and edentulous span coverage. These 

accumulative errors resulting from the multiple steps involved in capturing, designing, and 

manufacturing an implant-retained prosthesis hamper the realization of a fully passive fitting 

implant restoration. Along with this, in the field of implant dentistry, standardized scan bodies, 

which enable a computer-based determination of the definite implant position using data 

obtained from digital intra oral scanners have been developed. These scan bodies come in 

different geometries which in turn affects the scan accuracy. Hence, This study aims to 

evaluate. whether the geometries of scan bodies affect the accuracy of digital intra oral 

impression. The study further also wants to analyze if different angulations and depths of 

implant affect full mouth scanning. Sufficient data are not currently available for assessing the 

accuracy of intra oral scanners in capturing single and multiple implant positions and factors 

influencing their performance. 

 



iii 
 

 

Objectives: 

To study the accuracy and precision of intra oral scanner when two different                        

geometries of scan bodies are used.  

 To compare the accuracy of digital implant impression at different implant depths. 

 To compare the accuracy of digital implant impression at different implant angulations. 

Methodology: 

Six implant analogs at various angulations and depth were placed in a maxillary edentulous 

model, to mimic a routinely occurring clinical situation. The angulation and depth of implant 

analogs was measured with a coordinated measuring machine (CMM) having 6mm measuring 

probe and the measurements obtained acted as the “true” or reference, values for the study. Six 

corresponding scan bodies of two different geometries, group 1 with flat cylindrical scan body, 

group 2 with rectangular scan body was mounted onto the implant analogs. One calibrated 

operator independently repeated the full arch intra oral scanning 6 times for each combination 

to obtain a standard triangulation language (STL) mesh file for data analysis. The position of 

each scan body in the intra oral scanner was automatically detected using the exocad software 

by selecting measuring tools. The obtained measurements from an intraoral scanner were 

compared with their CMM counterparts. The data obtained was analysed to check the impact 

of different scan body geometries on the accuracy of full arch digital impression for implants 

placed at different angulations and depths. 
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Results: 

There was no significant difference on comparison of deviation between the two groups with 

the reference group. Scan deviation in comparison between two groups with the reference 

group was slightly less in group 1(1.58 mm) when compared to group 2(1.93 mm) in relation 

to implant analog angulation and there was no scan deviation noted in comparison between two 

groups with the reference group in relation to implant analog depth. 

Conclusion: 

1. The ISB’s (intraoral scan bodies) characteristics and its location play an important role 

in the accuracy of the digital implant impressions. 

2. The geometry of the scan body has an impact on accuracy of digital impression, flat 

cylindrical scan bodies were slightly more accurate when compared to rectangular scan 

bodies. 

3. Accuracy of digital impression was influenced by implant angulation and was 

independent of implant depth. 
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Keywords: Coordinate measuring machine, standard tessellation language, intraoral scanner, 

intra oral scan bodies. 
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                                                 INTRODUCTION 

 

Patients with complete dentures have benefitted from the use of implants to 

improve masticatory efficiency but prosthesis misfit remains a major concern in 

implant dentistry.  It remains especially challenging for full-arch, screw retained 

implant cases due to lack of cement space to compensate for prosthesis misfit. 

Conventional dental impressions using impression posts and custom individual 

trays remain the clinical technique of choice in full-arch cases. However, 

despite their success and widespread use, conventional implant impressions 

have proven to be influenced by different impression materials and techniques. 

Elastomeric impression material remains material of choice when it comes to 

conventional implant impression. Most widely used and appropriate materials 

are polyether and polyvinyl siloxane.  

Conventional workflows have shown limitations related to impressions or 

laboratory manufacturing procedures such as dimensional accuracy, stability, 

polymerization time, or patient discomfort. Furthermore, the materials and 

multiple steps requiring manpower and manipulations are time‐consuming and 

may increase the total cost and the risk of errors and inaccuracy of the 

restorations. 1 
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Among other factors are number, position, depth, and angulation of implants; 

alveolar bone undercuts and edentulous span coverage. These accumulative 

errors resulting from the multiple steps involved in capturing, designing, and 

manufacturing an implant-retained prosthesis hamper the realization of a fully 

passive fitting implant restoration.  

Chairside digital impression was introduced to eliminate most of the drawbacks 

of conventional impression techniques using chairside intraoral systems which 

use various technologies to capture scanned objects and therefore are more 

versatile and capable of acquiring 3D surfaces of teeth, soft tissue, and scan 

bodies. Nevertheless, impression accuracy also depends on several factors 

including scanner type, software, scan body visibility, background lighting, and 

room temperature plus patient-related factors including mouth opening and 

salivary flow. 2 

As per previous reports the accuracy of intraoral systems for capturing single 

dental crowns and fixed partial dentures was found to be within clinically 

accepted limits. Single restorations remain technically the least-challenging 

cases for an intraoral scanner; however, the situation is different when multiple 

restorations and large edentulous spaces are involved due to lack of teeth as 

fixed reference points. 2 
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The digital work flow has advantages in reproducibility and quantity 

standardization, but one main disadvantage is that deviations in the digital 

impression can lead to clinically unacceptable errors. In digital impression 

technique, a virtual impression of the oral situation is created using intra oral 

scanner. In multiple restorations and large edentulous space scenarios, the first 

image is used as a reference, and the succeeding images are stitched to the 

previous ones when scanning the arch with each individual stitch representing a 

chance for incurring an error. This misalignment error increases with the 

distance scanned, and consequently full arches represent a bigger challenge for 

these devices. 3 

Along with this, in the field of implant dentistry, standardized scan bodies, 

which enable a computer-based determination of the definite implant position 

using data obtained from digital intra oral scanners have been developed. 

Various studies have been attributed to evaluate the accuracy of the digital 

impression concerning the length, distance, and angulation of the scan bodies. 

These studies revealed that obtaining implant position through scanbody 

cylinder selection was less prone to errors when the scan body was fully visible, 

as opposed to when the scan body was only partially exposed. This also 

explains the observation that angulated scan bodies yielded more accurate 

results compared to straight ones. The distance, depth at which implants are 

placed and angular deviations augment throughout the arch. In scenarios where 
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implants are deeply placed usage of longer scan bodies are recommended. In 

complete edentulism cases shorter and narrow scan bodies are recommended. 

Likewise in situations with less interproximal space narrow scan bodies are 

more effective. 4 

However, the data available on impact of different geometries of scan body 

developed by different manufactures in the market on the accuracy of full arch 

digital impression is scarce.  

Therefore, a study assessing the impact of different scan body geometries on the 

accuracy of full arch digital impression for implants placed at different 

angulations and depths assessed with an intra oral scanner contributes to digital 

impression technique and workflow. Hence the purpose of this study is to 

present new data on accuracy of full arch digital impression when different 

geometries of scan bodies are used which may affect the passivity of the 

prosthesis for implants placed at different depths and angulations and give 

clinicians a basis for decision making. 
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                                        AIMS AND OBJECTIVES  

    • To study the accuracy and precision of intra oral scanner when two different                        

geometries of scan bodies are used.  

 To compare the accuracy of digital implant impression at different 

implant depths. 

 To compare the accuracy of digital implant impression at different 

implant angulations. 
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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 were 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 
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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. 5 

 

2) 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-Walli’s test followed by pairwise comparisons using 
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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 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. 6 

 

3) 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 
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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.7 

 

4) 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 
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two-dimensional quantitative analysis, 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). 8 

 

5) An invitro study was done to evaluate the performance and the factors 

affecting the clinical performance of intraoral scanner based on active 

wavefront sampling technology. A single resin model of an edentulous maxilla 

fitted with six implants inserted at various depths and angulations was measured 

with a coordinated measuring machine (CMM) at 3 to 5 μm, which acted as the 

“true,” or reference, values of the study. Six corresponding cylindrical PEEK 

scanbodies were then mounted onto the implants, and four calibrated observers 

independently repeated the digital intraoral scan five times with a True 

Definition (TrueDef) scanner. Using implant position #15 as a reference, five 

linear and angular measurements were compared with the reference values 

(CMM), and the data were analysed via one-way ANOVA and two-sample t-

test. Mean linear and angular deviations for the TrueDef from CMM 

measurements were from 5.38 ± 12.61 μm to –26.97 ± 50.56 μm and from 0.16º 

± 0.04º to –0.43º ± 0.1º, respectively. Experienced observers performed 

significantly better than inexperienced ones (p = 0.006), and scan distance 

(quadrant) significantly affected scanning accuracy (p = 0.003). Visible length 
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of the scanbody affected measurement accuracy (p = 0.0001), while implant 

angulation did not (p = 0.757). The TrueDef scanner provided measurements 

within clinically accepted limits. Yet scanbody visibility, observer experience, 

and scan length remained relevant factors affecting accuracy. 9 

 

6) A study was conducted to assess how the various geometries of scan bodies 

and different scan strategies affect the quality of digital impressions of implants. 

A titanium master model containing three Nobelreplace SelectTM implants 

(Nobelbiocare Services AG, Zurich, Switzerland) was digitized using an ATOS 

industrial non-contact scanner. Digitization was repeated three times with 

different types of scan bodies integrated into the implants: 3Shape A/S, nt-

trading GmbH, and Teamziereis GmbH. These three scans served as virtual 

master models. The titanium master model was then scanned with the TRIOS3 

digital intraoral scanner (3Shape A/S, Copenhagen, Denmark), which was used 

for two different scanning strategies. Strategy A was a one-step procedure that 

included both the titanium master model and the integrated scan bodies. 

Strategy B comprised two steps. First, a digital overlay was performed with a 

scan of the titanium master model without integrated scan bodies. A second 

scan was performed with the titanium master model and integrated scan bodies. 

By repeating both strategies 10 times for each type of scan body, 60 scans were 

generated and the corresponding standard tessellation language data sets 
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overlaid with the corresponding virtual master model. Deviations in the 

resulting superimpositions were calculated and evaluated separately in the 

individual axes (x, y, z) and in three-dimensional space (Euclidean distance). 

Statistical evaluation was performed using the R project software. Level of 

significance was determined at P0.05.  With regard to the geometry of the scan 

bodies, strategy A significantly influenced the accuracy of the digital implant 

impression in regards to Euclidean distance (P=0.003). No significant difference 

was found for strategy B in this context. Comparing the two scan strategies 

revealed that strategy A achieved significantly higher accuracy overall 

(P=0.031). The quality of digital intraoral impressions seems to be influenced 

by both the geometry of the scan body and the scan strategy. For clinical 

practice, the one-step scan strategy seemed beneficial. 4 

 

7) An in vitro study aimed to compare the digital implant impression trueness 

among models with different implant angulations and scan body materials. Six 

partially edentulous mandibular models with dental implants on the right second 

premolar and second molar areas were categorized according to the implant 

angulation of the distal implant (parallel, or 15° mesially or lingually tilted 

compared to the mesial implant) and scan body materials (polyetheretherketone 

or titanium). After scanning each model with intraoral scanners, the root mean 

square and within-tolerance values were calculated with respect to the reference, 



13 

 

and nonparametric statistical tests were performed (α= .05). Scan data from 

models with the mesially tilted distal implant showed better trueness than the 

corresponding parallel and lingually tilted groups in terms of root mean square 

values (p< .017). The root mean square value in the titanium scan body group 

was lower than that in the polyetheretherketone scan body group (p< .001).  The 

percentage within a tolerance of ± .1 mm was higher in the polyetheretherketone 

scan body group than in the titanium scan body group (p= .001). Intraoral scan 

data of models where the terminal implant was mesially tilted showed better 

trueness. 10 

 

8) An in vitro study was conducted to evaluate the effects of 4 scanning 

techniques and 5 intraoral scan bodies (ISBs) on the trueness, precision, and 

scan time in a completely edentulous arch with 4 implants. Five different ISB 

systems: AF, NT, DE, C3D, and ZI, and 4 different scanning techniques: 

unmodified master model (NO), glass fiduciary markers placed on the 

edentulous ridge (GB), pressure-indicating paste brushed over the ridge and 

palate (PP), and floss tied between the scan bodies (FL), were evaluated. Scan 

bodies were attached to an edentulous maxillary model with 4 dental implant 

analogs and scanned by using a structured blue light industrial scanner, and 5 

consecutive digital scans of the model were made by using an intraoral scanner 

and 1 of the 4 techniques (n=5). The scans were superimposed on the master 
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reference model, and the distance deviation and angular deviation of the scan 

bodies was calculated. The scan time was also recorded. A 2-factor ANOVA 

was used to examine the effect of scan body and technique on the trueness and 

scan time, with subsequent Tukey honestly significant difference or Bonferroni-

corrected Student t tests. Precision was evaluated by tests for homogeneity of 

the variances between groups. Reliability for the entire study was evaluated 

using the intraclass correlation coefficient (a=.05 for all tests). The overall 

reliability of the study according to intraclass correlations was 0.999. In terms 

of trueness, no statistically significant interaction was found between the effects 

of scan body and technique on the distance deviation (P=.246); however, the 

scan body (P=.031) and technique. The scan body (P=.031) and technique 

(P<.001) had a significant effect independently. A statistically significant 

interaction was found between the effects of the scan body and technique on 

angular deviation (P<.001). Testing for the homogeneity of variances 

demonstrated significant differences in the precision among the groups in terms 

of distance deviation (P<.013) and angular deviation (P<.003). No statistically 

significant interaction was found between the effects of the scan body and 

technique (P=.076) on the scan time. The scan body alone was found to have a 

significant effect (P<.001). The accuracy (trueness and precision) of complete-

arch digital implant scans using ISBs was affected by both the scan body and 

scan technique when using an intraoral scanning system. The ZI scan body had 

significantly less distance deviation, whereas splinting scan bodies with floss 
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led to significantly more distance deviation. The scan techniques with different 

surface modifications were not found to improve the scan accuracy. The use of 

different ISBs led to significant differences in the scan time. 3 

 

9) An invitro study to evaluate the accuracy of a digital impression system 

based on parallel confocal red laser technology, taking into consideration 

clinical parameters such as operator experience and angulation and depth of 

implants was conducted. A maxillary master model with six implants (located 

bilaterally in the second molar, second premolar, and lateral incisor positions) 

was fitted with six polyether ether ketone scan bodies. One second premolar 

implant was placed with 30 degrees of mesial angulation; the opposite implant 

was positioned with 30 degrees of distal angulation. The lateral incisor implants 

were placed 2 or 4 mm subgingivally. Two experienced and two inexperienced 

operators performed intraoral scanning. Five different interimplant distances 

were then measured. The files obtained from the scans were imported with 

reverse-engineering software. Measurements were then made with a coordinate 

measurement machine, with values from the master model used as reference 

values. The deviations from the actual values were then calculated. The 

differences between experienced and inexperienced operators and the effects of 

different implant angulations and depths were compared statistically. Overall, 

operator 3 obtained significantly less accurate results. The angulated implants 
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did not significantly influence accuracy compared to the parallel implants. 

Differences were found in the amount of error in the different quadrants. The 

second scanned quadrant had significantly worse results than the first scanned 

quadrant. Impressions of the implants placed at the tissue level were less 

accurate than implants placed 2 and 4 mm subgingivally.  The operator affected 

the accuracy of measurements, but the performance of the operator was not 

necessarily dependent on experience. Angulated implants did not decrease the 

accuracy of the digital impression system tested. The scanned distance affected 

the predictability of the accuracy of the scanner, and the error increased with the 

increased length of the scanned section.11 

10) An invitro study was conducted to evaluate the influence of implant 

scanbody (ISB) material, position, and operator on the accuracy of a confocal 

microscopy intraoral scanning (IOS) for complete-arch implant impression. An 

edentulous maxillary model with 6 internal hexagonal connection analogues 

was scanned with an extraoral optical scanner to achieve a reference file. Three 

ISBs made of different materials (polyetheretherketone (Pk), titanium (T) and 

Pk with a titanium base (Pkt) were scanned with IOS by 3 operators. The 

resulting 45 test files were aligned to the reference file with a best fit algorithm. 

Linear (ΔX, ΔY and ΔZ-axis) and angular deviations (ΔANGLE) were assessed. 

Absolute values of the linear discrepancies were summed up to obtain a global 
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measure of linear absolute error (ΔASS). Influence of ISB material, position and 

operator was statistically assessed using the mixed general linear model. 

 At multivariate analysis, when ΔASS was considered as response variable, it 

was identified a significant influence of material (p < 0.0001) and position 

 (p = 0.0009) while no significant operator effect was detected. 

When ΔANGLE was considered as response variable, material and position 

significantly influenced the expected ΔANGLE (p = 0.0232 and p < 0.0001) and 

no operator effect was identified. The investigated IOS for complete-arch digital 

impression was influenced by the ISB material with peek reporting the best 

results on both linear and angular measurements followed by titanium, peek-

titanium resulting as the less accurate. Implant angulation affected significantly 

the linear deviations while implant position the angular deviations. Operator did 

not show any significant effect on the IOS accuracy.12 

 

11) In vitro study was done to measure the discrepancies of the implant replica 

positions of the virtual definitive implant cast obtained by using 3 different scan 

body designs when performing a digital scan.  

A partially edentulous typodont with 3 implant replicas (Implant Replica RP 

Branemark system; Nobel Biocare Services AG) was prepared. Three groups 

were determined based on the scan body system evaluated: SB-1 (Elos Accurate 

Nobel Biocare), SB-2 (NT Digital Implant Technology), and SB-3 (Dynamic 

Abutment). Each scan body was positioned on each implant replica of the 
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typodont, and was digitized by using an intraoral scanner (iTero Element; 

Cadent) as per the manufacturer’s scanning protocol at 1000 lux illuminance.  

A standard tessellation language (STL) file was obtained. Before the scan 

bodies were removed from the typodont, a coordinate measuring 

machine (CMM Contura G2 10/16/06 RDS; Carl Zeiss Industrielle Messtechnik 

GmbH) was used to measure the scan body positions on the x-, y-, and z-axis. 

The linear and angular discrepancies between the position of the scan bodies on 

the typodont and STL file were calculated by using the best fit technique with a 

specific program (Calypso; Carl Zeiss Industrielle Messtechnik GmbH). The 

procedure was repeated until 10 STL files were obtained per group. The 

Shapiro-Wilk test revealed that the data were not normally distributed. The data 

were analyzed by using the Mann-Whitney U test (α=.05). 

The coordinate measuring machine was unable to measure the scan body 

positions of the magnetically retained SB-3 group because of its mobility when 

palpating at the smallest pressure possible. Therefore, this group was excluded. 

No significant differences were found in the linear discrepancies between the 

SB-1 and SB-2 groups (P>.05). The most accurate scan body position was 

obtained on the z-axis. The SB-1 group revealed a significantly higher XZ 

angular discrepancy than the SB-2 group (P<.001).13 

 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/intraoral-scanner
https://www.sciencedirect.com/topics/medicine-and-dentistry/respiratory-distress-syndrome
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12) An invitro study was conducted to compare 2 implant scan bodies with 

different geometry on the accuracy of the virtual alignment process in the digital 

workflow. A master model of the edentulous maxilla with 6 implants and 

multiunit abutments (MUA) inserted was fabricated. Six dome-shaped and 

cuboidal scan bodies were mounted on the MUAs, respectively, and 

consecutively scanned by a laboratory scanner 10 times. The original scans 

were imported to a dental-specific CAD software and virtually aligned with the 

default CAD model in the implant library. Thus, 10 aligned models were 

created. Both the original scans and the aligned models were evaluated by an 

inspection software for deviation of the scan body surfaces, the centroids of 

scan body and MUA, the scan body centre-axis, and the inter-MUA 

distances/angles. The two-sample T-test/Mann–Whitney U test were used to 

analyse the data with the level of significance set at 0.05. The cuboidal group 

showed significant greater deviations of the model surface (13.9 µm vs. 

10.7 µm) and the MUA centroids (31.7 µm vs. 22.8 µm) but smaller deviation 

of the inter-MUA angle (0.047° vs. 0.070°) than those of the dome-shaped 

group (p < .05). No significant differences in the deviation of scan body 

centroids, center-axis, and the inter-MUA distances between the 2 groups were 

found. Virtual alignment of implant scan body affected the accuracy of the 

digital workflow for complete-arch implant-supported prostheses (up to 

~30 µm/0.09°). Different geometries of the implant scan body could also 

influence the transfer accuracy in the CAD process. 14 
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13)In vitro study was performed to compare the accuracy of different implant 

impression techniques of the maxillary full arch with tilted implants of two 

connection types.  Two maxillary edentulous acrylic resin models with two 

different implant connections (internal or external) served as a reference model. 

Each model had two anterior straight and two posterior angulated implants. 

Ninety impressions were made using an intraoral scanner (Trios 3Shape) with 

scan bodies for digital impression (groups DII and DIE), a custom open tray 

with additional silicone for the conventional direct group (groups CDI and 

CDE), and a custom closed tray with additional silicone for the conventional 

indirect group (groups CII and CIE) from both internal and external models, 

respectively. A coordinate-measuring machine (CMM) was used to measure 

linear and angular displacement for conventional specimens. For digital groups, 

an optical CMM was used to scan the reference model. STL data sets from the 

digital specimen were superimposed on STL reference data sets to assess 

angular and linear deviations. Data were analysed with three-way ANOVA 

and t-test.  There were significant angular and linear distortion differences 

among three impression groups (P<0.001), angular distortion differences 

between internal and external connections (P<0.001), and between straight and 

tilted implants for either linear (P<0.001) or angular (P=0.002) distortion. The 

type of the connection and implant angle did not have any effect on linear and 

angular distortion of the digital technique (P>0.05). Minimum angular and 
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linear distortion was seen for tilted implants in DII and DIE groups 

(0.36° ± 0.37 and 0.16 ± 0.1 mm). Impression techniques (digital versus 

conventional) affected the transfer accuracy. Digital techniques demonstrated 

superior outcome in comparison with conventional methods, and the direct 

technique was better than the indirect conventional technique. Connection type 

and implant angulation were other factors that influenced accuracy. When 

digital impression was applied, accuracy was not affected by the type of 

connection and angulation. 15 

 

14) An invitro study to compare the three-dimensional (3D) accuracy of 

conventional impressions (CIs) with digital scans (DSs) using an intraoral 

scanner (IOS) with intraoral scan bodies (SBs) and varying buccolingual 

interimplant angulations was conducted. A secondary aim of this study was to 

measure the scanbody machining tolerance and height with and without 

application of torque.  Three master models (MMs) with two implants 

simulating an implant-supported three-unit fixed partial denture for bone-level 

implants were used. The implants had buccolingual interimplant angulations of 

0, 10, and 20 degrees. Test models for the CI test groups were made with 

impression copings and polyether impressions. Scan bodies were attached to the 

MMs, tightened to 15-Ncm torque, and scanned by an IOS for the DS test 

groups (six test groups, n = 5). A coordinate measuring machine measured 

linear distortions (dx, dy, dz), 3D distortions (dR), angular distortions (dϴx, 
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dϴy), and absolute angular distortions (Absdϴx, Absdϴy) of the physical CI 

test models and STL files of the DS virtual models relative to the MMs. 

Metrology software allowed both physical and virtual measurement of 

geometric targets that were comparable and allowed computation of relative 

displacements of implant centroids and axes. Mean dR ranged from 31 ± 14.2 to 

45 ± 3.4 μm for DS and 18 ± 8.4 to 36 ± 6.5 μm for the CI test groups. Mean 

Absdϴx ranged from 0.041 ± 0.0318 to 0.794 ± 0.2739 degrees for DS and 

0.073 ± 0.0618 to 0.545 ± 0.0615 degrees for the CI test groups. Mean Absdϴy 

ranged from 0.075 ± 0.0615 to 0.111 ± 0.0639 degrees for DS and 0.106 ± 

0.0773 to 0.195 ± 0.1317 degrees for the CI test groups. Two-way analysis of 

variance showed that the impression technique (P = .012) and implant 

angulations (P = .007) had a significant effect on dR. Distortions were mostly in 

the negative direction for DS test groups. Perfect coaxiality of the SB with the 

implant was never achieved. For SB to implant machining tolerances, the mean 

absolute horizontal displacement ranged from 4 ± 1.2 to 7 ± 2.3 μm. The SB dz 

was –5 ± 3.2 μm, which increased in the negative direction to –11 ± 4.9 μm 

with torque application (P = .002). Distortions were found for both DS and CI 

test groups. The best accuracy was obtained with CIs for parallel implants. With 

angulated implants, conventional and DSs were not significantly different. 

Excessive torque application that causes negative dz for SB fit would position 

the virtual implant at a deeper location compared with reality, resulting in 

possible framework misfit.16 
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15)A study was carried out  to assess the influence of the scan body geometry 

bevel location and implant angulation and position of complete-arch implant 

digital scans. Two definitive casts with 4 implant analogs placed parallel 

(P group) or angulated up to 30° (NP group) were fabricated. Five subgroups 

were created based on the scan body geometry bevel position: facial, mesial, 

distal, lingual, or random (F, M, D, L, and R subgroup). Casts were digitized 

using a laboratory scanner (reference) (7Series Desktop Scanner) and 

an intraoral scanner (TRIOS 3). The implant position discrepancies between the 

reference and experimental scans were calculated. Data was analysed using 3-

way ANOVA and Tukey tests (α = .05). The scan body geometry bevel position 

(P < .001) and the inter-implant distance (P < .001) were shown as significant 

predictors of the linear discrepancies obtained. The L subgroup had a 

significantly lower discrepancy compared with the other subgroups. Implant 

angulation (P < .001), the scan body geometry bevel position (P < .001), and the 

inter-implant distance (P < .001) were all significant predictors on the angular 

discrepancies obtained. The scan body geometry bevel location and implant 

angulation and position influenced the accuracy of the IOS tested. The lingual 

orientation obtained significantly better accuracy values compared with the 

other positions. The parallel implant analog position obtained better accuracy 

than the angulated positions. Lastly, the implant positioned in the dental arch 

https://www.sciencedirect.com/topics/medicine-and-dentistry/angulation
https://www.sciencedirect.com/topics/medicine-and-dentistry/intraoral-scanner
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where the intraoral digital scan was finished obtained significantly higher 

distortion than the contralateral implant. 17 

 

16)  An invitro study was conducted to evaluate whether geometric 

modifications on implant scan bodies (nonmodified, subtractively modified, and 

additively modified ISBs) affect the trueness and scanning time of complete-

arch intraoral implant digital scans. A completely edentulous maxillary cast 

with 2 anterior parallel and two 17-degree posteriorly tilted implant abutment 

analogs was prepared. A digitized reference was created from this cast 

with polyetheretherketone (PEEK) (CARES Mono Scanbody for screw-retained 

abutment) ISBs by using a desktop scanner (E3). Three different groups were 

created: nonmodified (NM group), subtractively modified (SM group), and 

additively modified (AM group). For the NM group, no modifications were 

made to the ISBs. For the SM group, 4 round-shaped grooves were created on 

the buccal, lingual, mesial, and distal sides. For the AM group, PEEK beads 

were printed and cemented on the same areas of the ISB of the SM group. 

Fifteen consecutive scans were captured with an intraoral scanner (TRIOS 3) 

for each group, and the scanning time was recorded. By using a metrology 

software program, scans of each group were superimposed on the reference file 

to determine the 3D surface, linear, and angular position discrepancies of each 

ISB. Repeated-measures analyses of variance followed by univariate 

https://www.sciencedirect.com/topics/medicine-and-dentistry/contralateral
https://www.sciencedirect.com/topics/medicine-and-dentistry/polyetheretherketone
https://www.sciencedirect.com/topics/medicine-and-dentistry/intraoral-scanner
https://www.sciencedirect.com/topics/medicine-and-dentistry/univariate-analysis


25 

 

analysis and Bonferroni multiple comparison tests were performed to analyze 

the data (α=.05). To compare the mean time among groups, 1-way analysis of 

variance was performed followed by the Tukey post hoc tests. Significant 3D 

surface, linear, and angular position discrepancies were found when measuring 

trueness among the NM, SM, and AM groups (P<.001). Discrepancies in 3D 

surface deviation were highest for the AM group (0.266 ±0.030 mm), and the 

lowest mean angular deviation values were for the SM group (0.993 ±0.062 

degrees). However, the mean scanning time was not significantly different 

among the groups tested (P=.237). For complete-arch intraoral implant digital 

scans, subtractive modifications on ISBs enhanced scanning trueness, while 

additive modifications on ISBs decreased scanning trueness. Implant scan body 

geometric modifications did not affect scanning time.18 

17) A study was conducted to check the influence of impression methods, 

polymer materials, and implant angulation on the accuracy of the definitive 

working model for the production of implant-supported dental restorations, 

based on the analysis of results obtained using different impression methods, 

materials, and parallel and angulated implants. The study findings indicated that 

all aforementioned factors impact the accuracy of the definitive working model. 

Specifically, 20° implant angulation in relation to the vertical plane has a 

greater impact on the impression accuracy compared to parallel implants. The 

open and splint method in combination with addition silicone, as well as the 

https://www.sciencedirect.com/topics/medicine-and-dentistry/univariate-analysis
https://www.sciencedirect.com/topics/medicine-and-dentistry/post-hoc-analysis
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splint method and polyether combination yielded more accurate results when 

using implants under 20° angulation compared to other method and material 

combinations. The splint method in combination with addition silicone resulted 

in the smallest mean deviations from the centre of the parallel implant base 

compared to other combinations of methods and materials. Analysis results 

further revealed statistically significant differences in the measured indicators 

across impression methods, implants, and polymer materials. 19 
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                                      MATERIALS AND METHODS 

This study was conducted to evaluate the impact of different scan body 

geometries on the accuracy of full arch digital impression for implants placed at 

different angulation and depth assessed with an intra oral scanner. 

This study was carried out in: 

 Department of Prosthodontics, Crown and Bridge and Implantology, 

SDM College of Dental science and hospital, Dharwad. 

 KLE Technological University, Vidyanagar, Hubballi. 

 Oral 3D Dental diagnostic centre. 

Armamentarium used for study 

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

 Protractor-180° helix 

 Gold stone (plaster stone) Type 3 yellow 

 Zhermack-Gingifast elastic addition silicone C401500 

 Hindustan Modelling Wax No. 2 

 Dental Analog: RS5737-RS internal hex 2.4mm  

 Scan body: SBADRS- RS0089-10mm rectangular 

 Scan body: SB-IH5019-10mm flat cylinder 
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Coordinate measuring machine configuration 

      FARO ® Gage Portable Coordinate measuring machine (CMM) 

manufactured in Singapore. 

 Model- Gage- Plus 

 Product code-F04-B2-14-44546 

 ISO certified 10360-2- 10 + 16L/1000 

 Certification date-Jun 24, 2014 

 Single point- 0.018mm 

 Volumetric-+/- 0.025mm 

 Accuracy-0.005 mm 

 Measuring Volume- 1200 mm (48”) sphere 

 Measuring Sphere size- 6 mm diameter 

 

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  
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 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 G3 15 3579 

 Model Number-G3 15 3579 

 Dimensions(mm) -50.80 x 34.90 x7.60 

 Weight (kg)-2.53 

 Operating system- Windows 10 

 Display size- 15.60-inch full HD 144Hz IPS display 

 Processor- Intel core i7 8750 H 

 Graphics card: NVIDIA® Discrete Graphic 

 Memory- 8 GB RAM 

 Storage- SSD- 128GB 

 Disk: 1TB SSD (or more) 

 Keyboard: Regional, depending on availability 

Software used:  

EXOCAD Dental CAD software 
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                                       DIGITAL WORKFLOW 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

   

 

A maxillary cast containing 6 inter-foraminal internal connection 

implant analogs placed at different angulation and depth to 

mimic routinely occurring clinical situation. 

 CONTROL 

Implant analog angulation and depth 

measured using coordinate 

measuring machine which acts as 

true/reference value. 

6 scan bodies of 2 different geometry 

mounted on 6 implant analogs scanned 

using intra oral scanner. 

STL file is obtained 

GEOMETRY 1 GEOMETRY 2 

STL file transferred to exocad software to 

check the angle and depth by selecting 

measurement tool option in the tool bar. 

Obtained values are compared with CMM 

counterparts (control).  

       TEST 
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  MODEL PREPARATION AND REFERENCE DATA COLLECTION  

 

 A maxillary edentulous stone cast containing six inter-foraminal internal 

connection implant analog (RS5737-RS internal hex 2.4mm) with 

different angulation and depth, soft tissue simulation was attained using 

silicone (zhermack-gingifast elastic addition silicone C401500) 

was fabricated to mimic a routinely occurring clinical situation. The analogs 

were placed at #12, #15, #17, #22, #25, #27 (FDI teeth numbering system). The 

analog angulation and depth were as follows: 

 analog #12 was placed with 85.3° angulation to x-axis/horizontal axis 

(straight without tilt) and 2mm subgingival depth. 

 analog #15 was placed with 32.5° angulation to x-axis/horizontal axis and 

2 mm subgingival depth. 

 analog #17 was placed with 85° angulation to x-axis/horizontal axis 

(straight without tilt) and 4 mm subgingival depth. 

 analog #22 was placed with 90° angulation to x-axis/horizontal axis 

(straight without tilt) and 4 mm subgingival depth. 

 analog #25 was placed with 40.5° angulation to x-axis/horizontal axis and 

4 mm subgingival depth. 

 analog #27 was placed with 42° angulation to x-axis/horizontal axis and 2 

mm subgingival depth. 
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          Technique       

A maxillary edentulous silicone mould (EDE1001-UL-MO) was taken 

and 6 sites were marked for placement of implant analogs at different 

angulation and depth to mimic a routinely occurring clinical situation. A 

180° helix protractor and modelling wax (Hindustan Modelling Wax No. 

2) was used to obtain different angulation and sub gingival depth 

respectively.  Dental stone was mixed and poured according to 

manufacturer’s instruction to obtain a master model mimicking all on 6 

concept. To obtain reference measurements industrial portable coordinate 

measuring machine (FARO ® Gage Portable CMM, Singapore) with ISO 

10360-2 certified accuracy of 0.005mm was used. The three- dimensional 

coordinates of the implant analog represented by an implant analog centre 

and longitudinal axis were obtained using CMM’s high accuracy probe of 

6 mm diameter. These angular and depth measurements obtained by 

CMM provided gold standard implant analog 3D coordinates. 
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DIGITAL IMPLANT-LEVEL IMPRESSION WITH INTRAORAL 

SCANNER 

On the master model consisting of 6 implant analogs of different angulation and 

depth, six high precision scan bodies of two different geometries were mounted 

to carry out intra oral scanning using 3Shape: Trios 3 intraoral scanner with 

trueness (accuracy) of 6.9 ± 0.9 µm and precision (consistency) of 4.5 ± 0.9 µm 

to obtain digital impression.  

The entire digital impression procedure was carried out between two groups 

consisting of two different geometries of scan body for assessment and 

comparison of accuracy. 

Group 1 consisted of flat cylindrical geometry high precision polyether ether 

ketone scan body (PEEK) (SB-IH5019-10mm). Six of these scan bodies were 

mounted on implant analog #12, #15, #17, #22, #25 and# 27 and intraoral 

scanning was carried out using 3 Shape:Trios scanner, each of the scan bodies 

were captured through tilting the camera and drawing a circle around scan 

cylinder.  

 

Group 2 consisted of rectangular geometry high precision titanium scan body 

(SBADRS- RS0089-10mm). Six of these scan bodies were mounted on implant 



34 

 

analog #12, #15, #17, #22, #25 and# 27 and intraoral scanning was carried out 

using 3 Shape:Trios scanner, each of the scan bodies were captured through 

tilting the camera and drawing a circle around scan cylinder.  

The scanning of both the groups was performed by a well skilled technician 

having around 5 years of experience with chairside intraoral scanning and has 

individually performed more than 1500 impressions. He independently repeated 

the full- arch scan six times for both the groups. The scanning protocol for both 

the groups were carried out in accordance to manufacturer’s instructions with 

the scanner camera parallel to the ridge around all the scanbodies following 

same circular pattern until capturing the entire span. Following scanning a 

standard triangulation language (STL) file was obtained for both the groups for 

further evaluation and comparison. 

 

                  ACCURACY ASSESSEMENT AND COMPARISON 

The 3D implant analog coordinates obtained by 3 Shape:Trios scanner were 

compared to their CMM gold standard counterparts for evaluation of accuracy. 

The 3 Shape:Trios scan data obtained by both the groups were imported into 

computer- aided design software (EXOCAD software) as a standard 

triangulation language (STL) surface mesh file for data analysis. 
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STL files were saved on the desktop and then opened on the EXOCAD software 

following which the position of each scan body and implant analog was 

automatically detected using the software. 

 Tools option followed by measurement tool option was selected in expert mode 

in the software. Under measurement tools option, angle assessment tool was 

selected and two distinct points, one on the scan region portion of the scan body 

and other on the deepest portion of the sulcus of the edentulous ridge were 

selected on all the six virtual implant analogs and the scan bodies of both the 

scan groups in order to obtain accurate measurements. Angulation of each 

implant analog was obtained by joining two distinct points on the implant 

analog. Same procedure was carried for all the six implant analogs of both the 

scan groups.  

In the same way subgingival depth was also calculated by distance measuring 

tool option for both the scan groups.  

Subsequently, the obtained 3 Shape:Trios angular and linear depth 

measurements for both the scan group,  that is group 1 consisting of flat 

cylindrical geometry scan body and group 2 consisting of rectangular geometry 

scan body were compared with CMM counterparts to assess the impact and of  

scan body geometries on accuracy of full arch digital impression. 
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           STL file transferred to exocad software to check the angle and depth by selecting 

measurement tool option in the tool bar 

             

                        

                                                      GEOMETRY 1 

                     

                      

                                                      GEOMETRY 2 
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COLOUR PLATES 

                                   

                                      

 

 

                                   

       

                                             

 

 

                                              

  

Dental Analog:RS5737-RS 

Maxillary edentulous silicone    

mould with dental analogs 
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 Master model with dental analogs 

Intraoral scan bodies of two 

different geometries  

A- Rectangular-RS0089-10mm 

B- Flat, cylindrical-SB- IH5019-

10mm 

B 

A 
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Master model with scan bodies 

group 1 

Master model with scan bodies 

group 2 
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   Workstation setup 
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Master model digitized with high-precision 

Trios 3 scanner with flat- cylindrical 

geometry scan body. 

Master model digitized with high-precision 

Trios 3 scanner with rectangular geometry 

scan body. 
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STL files exported to software for 

measuring (group 1-flat and cylindrical 

geometry) 

STL files exported to software for 

measuring (group 2- rectangular 

geometry) 
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                                                       Statistical analysis 

All the obtained data was segregated and tabulated in Microsoft excel spreadsheet and was sent 

for analysis using statistical software (SPSS 22 software). The data was initially subjected to 

descriptive statistics namely mean and standard deviation. 

Data homogeneity of all the variable factor such as analog angle, depth, and scan body 

geometry (group 1 and 2) was measured using Karl Pearson's and Weighted Kappa analysis 

with p value <0.05. 

Comparison of accuracy between two groups consisting of two different geometry of scan 

bodies was done using the independent sample t-test. 

Statistical analysis using the independent t-test was performed to evaluate the significance of 

any difference between the mean accuracy of reference group versus group 1 and group 2 

(geometry) groups respectively. For all the analysis, p value<0.05 was considered statistically 

significant. 
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                                                            RESULTS 

   

  Results of different angle measurements for group 1 and group 2 scan geometry scan bodies

 

 

 

  Results of different depth measurements for group 1 and group 2 scan geometry scan bodies 
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   Correlations among two groups with angle scores by Karl Pearson's correlation coefficient 

Groups Correlations among two groups with angle scores 

r-value r2-value t-value p-value 

Reference vs group 1 0.9983 0.9965 33.9843 0.0001* 

Reference vs group 2 0.9974 0.9948 27.6814 0.0001* 

*p<0.05 

            Weighted Kappa agreement among two groups in assessment of angle scores  

Agreement between Agreement Expected 

Agreement 

Kappa Std. Err. Z-value P-value 

Reference vs group 1 85.00% 63.89% 0.5846 0.2285 2.5600 0.0053* 

Reference vs group 2 85.00% 63.89% 0.5846 0.2285 2.5600 0.0053* 

*p<0.05 

                   Intra-class Correlation of two groups in assessment of angle scores 

Intraclass 

Correlation 

95% Confidence Interval F Test with True Value 0 

Lower Bound Upper Bound Value df1 df2 p-value 

0.9990 0.9940 1.0000 2007.6520 5.0000 10.0000 0.0001* 

*p<0.05 
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                        Comparisons of two groups with angle scores by dependent t test 

Groups Mean Standard deviation Mean Diff. SD Diff. t-value p-value 

Reference 62.60 26.83     

Group 1 63.73 26.81 -1.13 1.58 -1.7566 0.1393 

Reference 62.60 26.83     

Group 2 64.08 26.70 -1.48 1.93 -1.8710 0.1203 

  

 

Overall, angular deviation of 1.58 mm and 1.93 mm was obtained on comparison of reference 

values (CMM values) with group 1 values (flat cylindrical geometry scan body) and group 2 

values (rectangular geometry scan body) respectively. Intra class correlation and agreement 

between two groups was significant with p value= 0.0001 and 0.0053 respectively. There was 

no significant difference on comparison between the two groups with the reference group. Scan 

deviation in comparison between two groups with the reference group was slightly less in group 

1 when compared to group 2.  
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                      Boxplot representing comparisons of two groups with angle scores 

            

 

       Correlations among two groups with depth scores by Karl Pearson's correlation coefficient 

Groups Correlations among two groups with depth scores 

r-value r2-value t-value p-value 

Reference vs group 1 1.0000 1.0000 - 0.0001* 

Reference vs group 2 1.0000 1.0000 - 0.0001* 

*p<0.05 
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                 Weighted Kappa agreement among two groups in assessment of depth scores  

Agreement between Agreement Expected 

Agreement 

Kappa Std. Err. Z-value P-value 

Reference vs group 1 100.00% 50.00% 1.0000 0.4082 2.4500 0.0072* 

Reference vs group 2 100.00% 50.00% 1.0000 0.4082 2.4500 0.0072* 

*p<0.05 

 

                                Intra-class Correlation two groups in assessment of depth scores 

Intraclass 

Correlation 

95% Confidence Interval F Test with True Value 0 

Lower Bound Upper Bound Value df1 df2 p-value 

1.0000 1.0000 1.0000 - 5.0000 - 0.0001* 

*p<0.05 

                               Comparisons of two groups with depth scores by dependent t test 

Groups Mean Standard deviation Mean Diff. SD Diff. t-value p-value 

Reference 3.00 1.10     

Group 1 3.00 1.10 0.00 0.00 0.0000 1.0000 

Reference 3.00 1.10     

Group 2 3.00 1.10 0.00 0.00 0.0000 1.0000 

 

Overall, there was no depth deviation noted on comparison of reference values (CMM values) 

with group 1 values (flat cylindrical geometry scan body) and group 2 values (rectangular 
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geometry scan body) respectively. Intra class correlation and agreement between two groups 

was significant with p value= 0.0001 and 0.0072 respectively. There was no significant 

difference on comparison between the two groups with the reference group. There was no scan 

deviation noted in comparison between two groups with the reference group. 

 

                  Boxplot representing Comparisons of two groups with depth scores 
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                                                      DISCUSSION 

With the introduction and application of CAD-CAM technology in implant dentistry, an 

entirely digital workflow is possible using intraoral scanners and intraoral scan bodies when 

fabricating implant-supported prostheses, thus eliminating the need for a physical cast and to 

obtain more accurate and precise implant impression. Passive fit is an important goal for any 

implant-supported prosthesis, an accurate impression free from distortion is crucial and is 

achievable because of introduction of latest CAD- CAM technology in implant dentistry.20 

 

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). 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. 

increased accuracy and precision seem to be one explanation for the immense popularity of 

intraoral scanners.21 

 

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 ceramics.22 
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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 completely replace the conventional impression for restorative procedures 

because of limited technological resources and practicability in the prosthetic workflow. 

Determining how digital technology can be applied in a digital workflow is essential during 

treatment procedure.23 

 

Intraoral scanning is the most recent and popular technology when it comes to digital 

impressions. The most essential component in intraoral scanning technique for implant is 

intraoral scan bodies (ISB). Recent studies have shown significant relationship between certain 

scan body features as in geometry and accuracy of the resulting digital impressions. The 

number of published studies is limited because of the relatively short time that intraoral scan 

bodies have been used in implant dentistry.20-23 Hence, the present study was conducted to 

check the specific scan body geometry and their relationship with scanning accuracy. Although 

the data is limited in relation to specific scan body features, digital impressions with intraoral 

scan bodies appear to be similar in accuracy to their conventional implant impression 

counterparts. Although similar in accuracy, digital implant impressions using intraoral scan 

bodies offer other advantages, such as an improvement in patient-centred outcomes and 

reduced operation time.  
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Digital impressions using intraoral scan bodies are easy and problem free, however, limitations 

do exist concerning to both the placement and scanning of an intraoral scan bodies. in implant 

dentistry, mismatches between the abutment connection and certain implant internal 

connection designs have been shown to affect the amount of abutment displacement. 

Additional studies are necessary to investigate if this finding applies to intraoral scan bodies. 

 

Even after properly aligning intraoral scan body within the fixture, other factors may influence 

the ability and accuracy of scans. These factors may be related to the positioning within the 

arch and adjoining structures, as well as the scanning technology and physical features of the 

intraoral scan bodies being used.24 One of the most important physical feature includes scan 

body geometry, which is not much talked about. All these factors magnify when it comes to 

full arch digital implant impression. The accuracy (trueness and precision) of complete arch 

digital implant scans using ISBs was affected by both the scan body and scan technique when 

using one specific IOS system.20 Keeping all the above data in mind the present study was 

fabricated, which included the most important physical feature of scan bodies, the scan body 

geometry, and its impact on accuracy of full arch digital impression. 

 

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

considered but their accuracy remains questionable for long span implant-based 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 accuracy. 25 
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In case of long span implant-based prosthesis implant angulation, distance and depth play a 

certain amount of role in achieving accurate impression. Studies have reported less accurate 

digital as well as conventional impressions with angulated implants than with straight implants 

when 4 to 6 implants are placed in edentulous arch. On the other hand, few studies that used 2 

or 3 implants reported no angulation effect on the accuracy of impressions. When multiple 

implants are placed with different angles, the distortion of the impression may increase. Also, 

this effect may be magnified by an increasing number of implants. To determine the relation 

between the angulation effect and the numbers of the implant, more studies are required.22-27 

Therefore, in the present study six implants were placed at different angulations to create a full 

arch situation. 

 

Chia et al 28 stated that greater the scanning area the greater is the inaccuracy. They found out 

strong dependency between the positioning error in distance with the relative position of the 

implants, with greater errors happening the greater the distance and angulation between the 

scanned implants. As seen before, the inaccuracy of the digital impressions may be reduced by 

more scan bodies (implants) on the arch. Also, intraoral scanner found it difficult to identify 

the correct position of the intraoral scanbody when identical. 

 

Mizumoto et al 3 assessed different scanners and scan bodies in an edentulous arch which was 

rehabilitated with 4 implants, and, even though the implants were fewer, the standard deviation 

values found were greater than 0.17mm in distance and 0.5° in angulation. This suggested that 

smaller length could be scanned successfully to obtain a passive fit prosthesis. Additionally, 

the author also suggests to study the maximum length that could be achieved to obtain well 

fitted prosthesis over implants. 
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Previous studies have indicated that the distance between the intraoral scan bodies, the depth 

of the implant, the scan body visibility, location within the scan, and the operator’s experience 

can affect the accuracy of digital implant scans with multiple intraoral scan bodies.2 In addition 

to these factors, the results of present study also suggests that the scan body geometry itself 

may influence the accuracy of the scan.  

 

Mercedes et al 29 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 edentulous patients should still be 

considered. 28 In the present study we have placed six implants and recorded the digital 

impression of these six implant scan bodies with two different geometries. 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 the results of our study shows that by increasing the 

number of implants and by decreasing the distance between scan bodies, accuracy is better. 
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Coming to geometry of scan bodies and their influence on accuracy motel et al conducted study 

to check impact of different scan bodies and scan strategies on the accuracy of digital implant 

impressions assessed with an intraoral scanner. They concluded that quality of digital intraoral 

impressions seems to be influenced by both the geometry of the scan body and the scan 

strategy.4  

 

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 dimensional displacement of 

implant components.  In the present study coordinate measuring machine was used to obtain 

true/reference values of implant placement which were later compared with values obtained by 

intraoral scanner. Coordinate measuring machine captures deviations along all three axes (x, y, 

and z), as well as the Euclidean distance (dXYZ). The Euclidian distance, on the other hand, 

describes the deviation in three-dimensional space, which is calculated as a vector calculation 

of three-dimensional offset. 4  

 

Overall quality of the digitized data mainly depends on the measuring system used, another 

significant factor that can affect point cloud density is the characteristics of the surface to be 

scanned.29 The quality of a digitized surface reconstruction and any consequent measurements 

are generally accepted to be shape dependent, whereas the type of material affects the number 

of points attained.30,32 The complete shape, known as the primary structure, remains easier to 

digitize than the finer details seen on secondary and tertiary structures.31,32 Dull, smooth, and 

opaque surfaces are easier to scan than shiny, rough, or translucent ones, which can be 

especially challenging in the mouth due to saliva.33 Studies have showed that deep, undercut, 
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steep, sharp, angled, or crowded surfaces are also more difficult to scan, leading to less accurate 

point clouds.3 Hence, it may be essential to create scan bodies with precise characteristics for 

intraoral situations. A narrow iSB, for example, may be more effective in situations with 

limited interproximal space. Likewise, a shorter iSB may be easier to capture in full arch 

scenarios. The interplay between scanner technology and iSB design must also be considered 

when attempting to generate a point cloud, which in turn affects the accuracy of scans. 3 

 

The intention of this in-vitro study was to study the accuracy and precision of intraoral scanner 

when two different geometries of scan bodies were mounted on implant analogs placed at 

different depths and angulation in a full arch scenario. Two different geometries of scan body 

of same implant system were chosen for this study.  

 

Pan et al 33 in their study compared two implant scan bodies with different geometry on the 

accuracy of the virtual alignment process in the digital workflow concluded that virtual 

alignment of implant scan body affected the accuracy of the digital workflow for complete-

arch implant-supported prostheses (up to ~30 µm/0.09°). Different geometries of the implant 

scan body could also influence the transfer accuracy in the CAD process.  

 

An in-vitro setup was selected to assess the impact of different scan body geometries on the 

accuracy of full arch digital impression for the fabrication of implant prosthesis under 

standardized EXOCAD software.  
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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.  

 

Only a few scientific studies have been published regarding the accuracy of digital impression 

system and influence of different implant scan bodies for implant rehabilitations.  The present 

study revealed flat cylindrical scan bodies have slightly higher accuracy with angular deviation 

of 1.58 mm from reference value when compared to rectangular scan bodies having angular 

deviation of 1.93 mm from reference value though both were from the same manufacturer. One 

of the reason could be the narrow and parallel design of the scan body which was easy to 

capture during intraoral scanning, rectangular scan bodies are broad and tapered which in turn 

affected the capture ability of an intraoral scanner. 

 

Similar studies have revealed that, the scan bodies with a comparatively flatter and simpler 

geometry were associated with significantly smaller deviations within the digital impressions 

and tapered and broad scan bodies are critical to scan and affect the final accuracy of the scans. 
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Further, this study also assessed the accuracy of digital full arch impression when implants are 

placed at different angulations and depths.  

It was revealed that parallel and straight implants with no degree of tilt have least angular 

measurement discrepancies and are accurately captured when compared to implants with 

certain degree of tilt whereas depth of implant placement had no impact on the accuracy. 

Similar studies revealed that parallel implant analog position obtained better accuracy than the 

angulated positions.17 The amount of visible scanbody affected the final accuracy of the digital 

impression. Some authors have recommended longer scan bodies in deeply placed implants in 

clinical scenarios.2 However, present study revealed no relevance between the implant depth 

and final accuracy of digital impression. 

 

Present study is one of the initial studies that investigates the impact of different scan body 

geometries on the accuracy of full arch digital impression for implants placed at different 

angulations and depths. The results indicate that scan body geometry, implant angulation and 

position have an impact on accuracy of digital impression. Therefore, the null hypothesis was 

rejected, So, this study advocates combination of different geometries of scan bodies along 

with implants placed at different depths and angulations and their combined impact on accuracy 

of digital impression and the passivity of prosthesis.  

 

The purpose of this study to present new data on this topic and give clinicians a basis for 

decision making was served.  
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Further studies focusing on the in-vivo and in-vitro use of scan bodies and other implant 

components and their individual effects with study protocols to reliably assess impression 

accuracy are needed. The performance of clinical studies and RCTs is suggested to raise 

evidence level for latest impression procedures. 
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                                        LIMITATIONS OF THE STUDY 

1. The distance between scan bodies should have been considered. 

2. The material of scan body was not considered. 

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 had 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. CMM measuring sphere of 6mm was used to measure the angulation. Measuring sphere 

with lesser diameter can be used for further studies to yield better accuracy and 

precision. 

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

was significant for a comparative analysis of impact of different scan body geometries on 

the accuracy of digital impression. Hence, further studies in the same area coupled with 

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

digital implant impressions. 
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                                          SCOPE OF THE STUDY  

The future scope of the current study is evaluating the accuracy of digital impression when 

different geometries of scan bodies, other than the ones used in the present study to check 

their efficiency so that they can be preferred and used more often by the clinicians, variable 

number of implants at varying distances and other parameters in long span edentulous 

arches. A study designed to evaluate the accuracy of digital impressions in-vivo and in-

vitro is the need of the hour. 
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                                              CONCLUSION 

1. The ISB’s (intraoral scan bodies) characteristics and its location play an important role in 

the accuracy of the digital implant impressions. 

2. The geometry of the scan body has an impact on accuracy of digital impression, flat 

cylindrical scan bodies were slightly more accurate when compared to rectangular scan 

bodies. 

3. Accuracy of digital impression was influenced by implant angulation and was independent 

of implant depth. 
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                                                          SUMMARY 

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

accurately and passively fitting restoration is significant on their mating implants to prevent 

complication such as screw loosening, bone loss, and abutment fracture during function. 

Standard implant prosthetic techniques rely on many factors one of them is implant prosthetic 

components that are involved in implant impression, which includes intraoral scan body. These 

scan bodies come in different sizes and geometries. The difference in design of ISBs has an 

impact on the accuracy of digital implant impression especially in full arch scenarios. The 

workflows and processes using ISBs can be completely or partially digital. Therefore, the 

position, design and geometry of scan bodies becomes an integral prerequisite for obtaining 

accurate digital impression which is the key for fabricating an accurately and passively fitting 

prosthesis. literature reviews and in-vitro studies have revealed the importance of scan body 

designs and the implant position in obtaining accurate digital impression Therefore a study 

assessing the impact of different scan body geometries on the accuracy of full arch digital 

impression for implants placed at different depths and angulation contribute to validation of 

digital impression techniques. Hence the purpose of this study was to assess the impact of 

different scan body geometries on accuracy of full arch impression and to understand which 

geometry of scan body is preferable by clinician for digital full arch impression. Two types of 

scan bodies were compared one was flat cylindrical and other was rectangular, between two 

groups there was no significant difference on comparison between the two groups with the 

reference group. Scan deviation in comparison between two groups with the reference group 

was slightly less in group 1 when compared to group 2 and there was no significant difference 

on comparison between the two groups with the reference group. There was no scan deviation 

noted in comparison between two groups with the reference group. 
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Dear Dr. Sad hvi N Pandit, 

Da te: 26.02 .2021 

Research title: Impact of different scan body geometries on the accuracy of full arch digi1al 
impression for imp lants placed at different angulat ions and depths assessed with an intraora l 
scanner: An in vitro study 

At the Institutional Ethics Committee meeting held on 16.02.202 1 where your study was 
presented and discussed, the committee has decided to approve and grant ethical clearance for the study 
to be carried out by you as Principal Investigator and Dr. Gouri Anehosur as guide at SOM College of 
Dental Sciences and Hospital, Sanur, Dharwad. 

The following documents were rev iewed: 

(a) Research synopsis (i ncluding protocol amendments/ changes made). submined date 15.02.2021 

All the members of the ethics committee were present at the meeting held on 16.02.2021. 3.00pm. 
Salhsanga Hal l ofSDM College of Dental Sciences and Hospital (date, lime. place). 

We approve the study to be cond ucted in its presented form . 

The SDMCDSH- lEC expects to be informed aboul the progress of the study. 
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