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PART B – TECHNICAL DETAILS 

1 Title of the dissertation  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 intraoral scanner: An in 

vitro study 

 

2 Introduction  

A. Problem statement Prosthesis misfit remains a major concern in 

implant dentistry due to conventional dental 

mailto:gourisdm@yahoo.com


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. 

B. Rationale 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. 

C. Novelty Combination of different geometries of scan 

bodies along with implants placed at different 

depths and angulations to assess the accuracy of 

full mouth digital impression with an intra oral 

scanner. 

D. Expected outcome and application The accuracy of full mouth digital impression 

assessed with an intra oral scanner when different 

scan body geometries are used may affect the 

passivity of the prosthesis. 

The purpose of this study is to present new data 



on this topic and give clinicians a basis for 

decision making. 

3 Research question(s) Does geometry of scan bodies affect the accuracy 

of digital implant impression made with an intra 

oral scanner? 

4 Research hypothesis (es), if any Null hypothesis- Accuracy of digital impressions 

will not differ based on the geometry of the scan 

bodies when implants are at different depths and 

angulations. 

5 Objectives of the Study: 
A. Primary objective(s) 
B. Secondary objective(s) 

Primary objective-To study the accuracy and 

precision of intra oral scanner when two different 

geometries of scan bodies are used. 

Secondary objectives-1) To compare the accuracy 

of digital implant impression at different implant 

depths. 

2)To compare the accuracy of digital implant 

impression at different implant angulations. 

6 1. Review of literature 1)Since sufficient data is not currently available 

on how the various geometries of scan bodies and 

different scan strategies affect the quality of 

digital impressions of implants. This study was 

done to present new data on these two topics. A 

titanium master model containing three 

Nobelreplace Select implants (Nobelbiocare 

Services AG, Zurich, Switzerland) was digitized 

using an ATOS industrial noncontact scanner. 



Digitization was repeated three times with 

different types of scan bodies integrated into the 

implants: ELOS 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 (ELOS 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 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 p ≤ 0.05. 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).1 

2)This study was done to evaluate the 

performance and the factors affecting the clinical 

performance of a recently released 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, and this acted as the “true,” or reference, 

values of the study. Six corresponding cylindrical 

PEEK scan bodies 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 analyzed via one‐way ANOVA 

and two‐sample t‐testMean 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 of the scan body affected 

measurement accuracy (p = 0.0001), while 

implant angulation did not (p = 0.757).2 

3) The purpose of this study was to determine the 

relevant reports pertaining to ISBs with regard to 

design and accuracy and to describe their 

evolution and role in the digital dentistry 

workflow. A MEDLINE/PubMed search was 

performed to identify relevant reports pertaining 

to ISB usage in dentistry. This search included but 

was not limited to scan body features and design, 

scan body accuracy, and scan body techniques 

and the role of ISBs in computer aided design and 

computer-aided manufacturing (CAD-CAM) 

processes. Commercially available scan bodies 

were examined, and a patient situation was shown 

highlighting the use of ISBs in the digital 



workflow. Deficiencies in the reports were found 

regarding various scan body topics, including ISB 

features/design, accuracy, and the role of ISBs in 

CAD-CAM processes.3 

7 2. Methodology  

A. Study design In vitro study 

B. Study participants (human, animals or 
both) 

N/A 

i. Inclusion criteria 
ii. Exclusion criteria 
iii. Withdrawal criteria, if any (trial-

related therapy, follow-up and 
documentation are terminated 
prematurely as it is indicated to 
ensure safety of the participants)
   

iv. Rescue criteria, if applicable 
(starting symptomatic therapy 
either to control symptoms of 
disease or to overcome lack of 
adequate efficacy of the study drug 
or placebo)                                                                    

v. Number of groups to be studied, 
identify groups with definition 

 

 

 

 

 

N/A 

C. Sampling  
a. Sampling population 
b. Sample size calculation 
c. Sampling technique 

a. Eight groups and Nine samples each. 

Final sample size Seventy-Two. 

b. Sample size was estimated based on deviation 

in microns by using G. power sample size 

estimation software 

c.t tests - Means: Difference between two 

independent means (two groups) 

Analysis: A priori: Compute required sample 

size  

Input: Tail(s) = Two 

 Effect size d =



 1.8739423 

 α err prob = 0.01 

 Power (1-β err prob) = 0.80 

 Allocation ratio N2/N1 = 1 

Output: Noncentrality parameter δ =

 3.9752319 

 Critical t =

 2.9207816 

 Df = 16 

 Sample size per group  = 9 

 

Formula for sample size estimation: 

 

N =        2 Sp2    [ Z 
1- α/2     + Z  1-  β ]  2        /            μ 

d  
2 

 

Sp = pooled standard devition,     μ d  = Mean difference 
 

 

 

 

 

D. Randomization details (for 
interventional studies)- Intervention 
details with standardization 
techniques (drugs / devices / invasive 
procedures / noninvasive procedures 
/ others) 

N/A 

E.  Ethical Clearance from the Institution’s 
Ethics Committee Obtained? (Copy to be 
Attached) 

Yes 

F.  Study Procedure Six implants at various depths and angulations 



will be placed in an edentulous model, of which 

the first three implants will be placed at 0-degree 

angulation and 2mm depth and other three will be 

placed at 30-degree angulation and 4mm depth. 

Six corresponding scan bodies of two different 

geometries will be mounted onto the implants. 

Following which the implants will be measured 

with a coordinated measuring machine (CMM) 

and this will act as the “true” or reference, values 

for the study. One calibrated operator 

independently will repeat the full arch intra oral 

scan 9 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 will be automatically 

detected using the software. The obtained 

measurements from an intraoral scanner will be 

compared with their CMM counterparts, and 

differences will be calculated by subtracting the 

CMM measurements from the data obtained by an 

intra oral scanner. The data obtained will be 

analyzed 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. 

E. Data collection methods including Data analysis will be done by standard 



settings and periodicity triangulation language (STL) surface mesh file 

and the obtained data will be compared with 

CMM counterparts and differences will be 

calculated by subtracting the CMM measurements 

from the measurements obtained from an intraoral 

scanner. Positive deviation will be considered 

when intra oral scanner measurements are larger 

than CMM, and the opposite will be constituted as 

negative result. 

F. List of statistical tests to be used for 
data analysis 

Descriptive statistics: Mean and standard 

deviation, Median and Interquartile range of 

discrepancy will be done for the eight sub-groups.  

Inferential statistics:  Comparison of discrepancy 

from ideal for each sub-group will be compared 

by Kruskal-Wallis test. Pairwise comparison 

between the groups will be done by Mann-

Whitney test.  

Probability value of less than 0.01 will be 

considered to be statistically significant.  

 

G. If it’s a Clinical Trial: Clinical Trials 
Registry of India or equivalent 
registration number to be mentioned 

N/A 

8 3. List risks and benefits of the study There are no risks involved in this study. 

This study aims to present new data on impact of 

different scan body geometries on the accuracy of 

full arch digital impression for implants placed at 



different angulations and depths which benefits 

the clinicians by giving basis for decision making. 
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