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Abstract: 

Objective: This study aims to measure the accuracy of post space scans using 2 post space depths 1.7millimeters 

2.10millimeters. Materials and Methods: A total of 14 human mandibular premolar teeth with similar root form and root 

canal shape averaging cervico-occlusal length of the crown about 8+/-0.5 mm and 14.5+/-0.5 mm for root length were 

collected for this study , endodontic treatment was performed for all teeth followed by coronal decapitation 2mm above CEJ 

and post space preparation , After the preparation of each root, the corresponding teeth were allocated randomly to two groups 

(n=7/ group) according to the depth of the preparation. Group A: 7 mm and Group B: 10 mm. All teeth were scanned using the 

(inEos X5 Sirona- Germany) to produce a reference scan, then scanning of post space directly using intraoral scanner for all 

teeth. Results: Samples with 10 mm post space (106.19±38.94) had a significantly higher RMS value than samples with 7 mm 

post space (70.39±28.63) (p=0.005). Conclusion: On the basis of the results and conditions of this study, the following 

conclusions can be drawn, diverse depths of the post space preparation showed varying degrees of trueness compared to the 

reference scan. Samples with 10 mm post space had a lower trueness value than samples with 7 mm post space. 
 

Introduction:  

reatment of endodontically treated teeth is 

considered a challenge owing to their brittleness 

and significant loss of tooth structure. In fact such 

teeth are prone to higher rate of fractures compared to vital 

teeth. Aesthetic and functional rehabilitation of 

endodontically treated teeth with substantial tooth 

structure loss often requires a post for the retention of the 

core and the overall prognosis of the fixed prosthesis.
1
 

Root channels are variable in shapes and anomalies 

influencing the restoration. They could have different oval 

shapes, cavities, previous restorations with excessive 

preparations, over instrumentation, incomplete root 

formation, internal resorption or developmental anomalies. 

Many types of posts are available with different 

characteristics. They can be generally classified into 

ready-made prefabricated posts and custom-made posts. 

Ideally, posts should have mechanical properties 

comparable to that of the dentin, and should be cemented 

with a uniform, thin, and bubbles free layer of cement to 

increase the longevity of the post-endo restoration. 

One of the main problems is the mismatch between the shape 

of the prefabricated post and its post space which leads to the 

formation of a non-uniform layer of cement, with a 

consequent higher probability for structural discontinuity. 

Moreover, the raised polymerization contraction creates 

internal stresses responsible for post debonding and fractures
2
. 

The stress produced as a consequence of the polymerization 

shrinkage has been identified as one of the main reasons for 

post based restoration failures 

Due to advancement of digital and electronic technology, 

and the advancement in the manufacturing technology in 

the field of dentistry, Computer-aided design (CAD) and 

computer aided manufacturing (CAM) have been used in 

restorations fabrication. 
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Contemporary scanners yield different accuracies, as 

different scanning technologies are implemented. The 

most important element to be considered when comparing 

scanners should be defined as “accuracy” the quality of the 

data derived from scanning”, beyond the operational and 

clinical differences (the need of scanning reflective 

powder, speed of use, size of the scanner) and cost 

(purchase and maintenance) between different machines.  

Accuracy is the combination of measurement of two 

elements, both important "trueness" and “precision”. The 

term “trueness” describes to the ability of a measurement 

to match the actual value of the measured quantity. 

Precision is defined as the ability of the scanner to ensure 

repeatable outcomes in other words the ability of a 

measurement to be consistently repeated. 

Virtual models can be created for the post space 

preparation, which are required for the fabrication of 

CAD/CAM custom post and core by direct intraoral 

scanning, or impression scanning, or by scanning of the 

stone models
3
. 

The latest reports have proposed use of computer-aided 

design/computer-aided manufacture (CAD/CAM) 

generated post and core restorations, and various studies 

have investigated CAD/CAM-produced zirconia post and 

core mechanisms.
4,5,6 

Fiber-reinforced composite blocks 

were also utilized to CAD/ CAM-generate fiber posts for 

large root canals or irregularly shaped ones.
7,8

 
 

Materials and Methods: 

Sample preparations 

Fourteen Freshly extracted Single rooted lower second 

premolars due to orthodontic reasons were selected and 

endodontically treated using Wave-One
 

single file 

technique taper 6% with apical size iso 25. Obturation was 

done using Continuous Wave Condensation technique 

with master cone iso 25 taper 6% followed by Obtura root 

canal filling system,  

Teeth were then mounted in acrylic blocks parallel to long 

access using a dental surveyor below level of CEJ by 2mm 

then the Teeth were decoronated to a level above CEJ by 

2mm, 

T 
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- Drilling of post spaces using dental surveyor to two 

different depths: 

1. Group (A) 7 millimeters  

2. Group (B) 10 millimeter  

Sequential drilling of the post space was done using the 

Olident- Poland fiber post drills kit. The first drill used 

was the red coded drill with a tip diameter of 1.2 

millimeters followed by the blue coded drill with a tip 

diameter of 1.4 millimeters and finally the green coded 

drill with a diameter 1.6 millimeters. All drilling was done 

using a dental surveyor and a syringe with a coolant. 

Reference Scanning 

In order to obtain a reference STL file, each sample was 

scanned with the desktop scanner InEos X5. 

The scanning procedure was performed with each of the 

14 samples to produce 14 reference scans, samples were 

numbered A1 to A7 and B1 to B7. 

Intraoral scanning 

Primescan 

Primescan AC (acquisition center) with the mobile cart 

was used with the software version 5.1.2. The scanner was 

regularly calibrated before every group scanning. For 

every scan, a new case was created, and all the data were 

entered. 

Scanning workflow 

The first step included the administration phase where 

information about the restorations and their type were 

created. 

The second step included the acquisition; where all 

information was displayed in the page palette and scanning 

process began by activating the foot control. 

The scanning approach began with the occlusal surface of 

the prepared tooth and the scanner head was 0 to 5 mm 

away from the teeth surface, as shown in Figure (15). The 

scanner head was moved in a mesial direction, 45 to 90 

degrees tilt was done on the buccal surface and the scanner 

head was moved in a distal direction passing over the 

prepared tooth then the head was tilted to a maximum 90 

degrees over the lingual surface in a mesial direction, then 

the proximal surfaces of the prepared tooth were scanned 

by moving the scanner head using a wave motion with 15 

degrees tilt on the occlusal, buccal, and lingual. 

During the scanning a separate operator recorded the time 

taken with a digital stopwatch, and all times were averaged 

around 7 to 10 seconds. 

After the scanning was completed the model was created 

after rendering the acquisition phase. The data were 

exported with STL format. 

The scanning procedure was performed with each of the 

14 samples to produce 14 scans. The scans were 

numbered: D.S A1 to A7 and D.S B1 to B7. 

The Trueness measurement 

A reverse engineering software Geomagic control X 2018 

was employed to superimpose the reference STL file 

obtained from the InEos X5 desktop scanner to each STL 

file of 14 files obtained from each scanner from each 

subdivision. 

Import and align datasets 

The reference data was imported and trimmed to remove 

any data that is not related to the desired scan, then the 

measurement data was imported which is one of the STL 

files of the corresponding scanner. 

The initial alignment feature with enhancement of the 

accuracy of the alignment was selected then the best fit 

alignment was selected to ensure the 2 models data sets are 

positioned in one common coordinate system with the 

least possible mean deviation. 

3D Compare 

The 3D compare was done only for the merged area which 

is the area of interest with the shortest projection of 

deviation and auto maximum deviation. 

A color map was drawn with maximum deviation range of 

0.15 mm and -0.15 mm minimum deviation and no 

specific tolerance. The green meant perfectly matching 

surface, the red meant test model surface was positively 

positioned relative to reference model and the blue meant 

test model surface was negatively positioned relative to 

reference model. 

When two scans were superimposed, the square of the 

phase difference between a number of points in 3-D space 

was calculated (x-, y-, and z-axis). The sum of these 

squares was divided by the number of points, and Root 

mean square (RMS) was calculated as the square root of 

this value as show in the equation below. This may be a 

more reliable and accurate value than a general arithmetic 

mean because the difference between each data point is 

represented by both a positive value (red in the color-

difference map and a negative value (blue in the color-

difference-map. The reliability of arithmetic means is 

limited in cases of simple sums. 

 

Reports Generation 

PDF and excel reports were created with all the calculated 

data collected from the superimposition process. 

Results: 

Statistical analysis: 

Numerical data were explored for normality by checking 

the data distribution using Shapiro-Wilk tests. Data 

showed parametric distribution so; they were represented 

by mean and standard deviation (SD) values. Two-way 

ANOVA followed by Tukey’s post hoc test was used to 

study the effect of different tested variables and their 

interaction. Comparison of main and simple effects were 

done utilizing bonferroni correction. The significance level 

was set at P ≤0.05 within all tests. Statistical analysis was 

performed with IBM® SPSS® Statistics Version 26 for 

Windows. 
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Effect of post space: 

Mean and standard deviation (SD) values of RMS for 

different post spaces were presented in Table (1) and 

Figure (1). 

Table (1): Mean ± standard deviation (SD) of RMS in 

microns for different post spaces. 

Root mean Square  

(mean ± Standard deviation) p-value 

7 mm 10 mm 

70.39±28.63
 

106.19±38.94
 

0.005* 

*; significant (p ≤ 0.05) ns; non-significant (p>0.05) 

 

 

 

 

 

 

 

 

Figure (1): Bar chart showing average RMS for different post spaces 

Samples with 10 mm post space (106.19±38.94) had a 

significantly higher RMS value than samples with 7 mm 

post space (70.39±28.63) (p=0.005). 

Discussion: 

The use of computer-aided design and computer aided 

manufacturing (CAD/CAM) has been increasing for 

fabricating indirect restoration. CAD/CAM production 

systems facilitate laboratory procedures and overcome the 

disadvantages of casting. However, manufacturers have not 

paid sufficient attention to the development of this 

technology for milling of custom-made post and cores. The 

digital design of post and cores using CAD technology 

allows more in-depth planning of the clinical treatment 

while the CAM process offers an expeditious and precise 

fabrication of the post and core, substantially reducing 

treatment cost.
9
 

The aim of this study was to evaluate the accuracy of 

scanning different post space depths. Considering the 

better features of an anatomic endodontic post, such as the 

root dentin preservation
10

, reduced cement layer
11

, 

increased post retention
12,

 and fracture resistance
13,14

.  

In this study the possibility of producing an anatomic 

endodontic post scan through the use of different scanning 

techniques have been investigated.  

Chiu et al.
15

 stated that the clinically acceptable marginal 

discrepancy value for CAD-CAM generated restorations 

was between 50 and 100 microns. As the first step in the 

digital workflow, an accurate digital scan is essential to 

keep the marginal discrepancy under 100 microns.
16

 The 

tested IOSs in their study, showed statistically significant 

differences regarding scanning accuracy, suggesting that 

when scanning deep cavities for custom made CAD/CAM 

post and core, endocrowns, inlays, or onlays, scanning 

technique selection may be crucial. Moreover, according 

to the present study’s results, scanning accuracy should be 

taken into consideration when adjusting preparation depth 

for CAD-CAM restorations. 

Every CAD CAM procedure has multiple steps, with each 

step a potential source of error. As a result, each procedure 

in any CAD CAM Workflow is very important and can 

affect the overall performance that’s why trueness and 

precision are among the essential factors, and it is 

important to highlight its effects. As trueness parameters 

cannot be evaluated in vivo yet due to missing reference 

structures
17

, so we chose our study to be done in-vitro. 

In this study, we used freshly extracted single rooted and 

single canal lower second premolars, that were 

endodontically treated, decoronated and mounted inside 

acrylic resin blocks
18

. This was followed by drilling of the 

post space to two depths of 7 and 10 mm
5
. All sample 

teeth were prepared by the same operator using dental 

drills specific for post space preparation.  

The InEos X5 was assigned to be the reference scanner 

because it has accuracy of less than 15 µm which is 

considered as a minimum deviation according to literature 

and almost equivalent to the accuracy of PVS 

impression.
19,20

 Nulty et al.
21

 reported a trueness value of 

(0.0 ± 1.9) when comparing full arch trueness of nine 

intraoral scanners and four lab digital scanners. 

Expressing the accuracy in terms of trueness and precision 

is a common method, applied in previous studies.
22  

3D Compare Analysis, a method superimposing two 

surfaces after best-fit-alignment, has been adopted from 

engineering and used in several in vitro studies
23.

 Although 

other methods for the evaluation of the trueness and 

precision are reported in literature for example using 2D 

point to point length compare tool or 2D surface area 

compare tool and more recently computed tomography all 

these methods are used more frequently when the tested 

sample have a specific geometrical shape and dimension 

for example implant scan body
 24

, another drawback of the 

2D comparison systems is that the readings are performed 

usually through measurements of sliced samples at specific 

locations. Thus, the linear method may limit the analysis 

of data and has the potential shortcoming of introducing 

bias as how the points are selected and if the points are 

representative in the analysis.
 
The superimposition of the 

STL files were imported to a reverse engineering 3D 

analysis software “Geomagic control X, (3D systems, 

Morsiville, NC)” in accordance with Renne et al
23

, and 

Nedelcu et al
25

. This superimposition of test and reference 

datasets was performed employing a “best fit alignment”. 

Due to the lack of reference shapes, this was the best 

methodological compromise to obtain the objectives 

defined in this study. Best fit alignments were already used 

in several other studies as an approach for 3D dataset 

comparison
26,27

. Using this “best fit matching”, positive 

and negative deviations between reference and test objects 

occur. This makes the interpretation of the results difficult, 

as negative deviations will not occur in the oral cavity 

when restorations are seated. As well, calculating the 

arithmetic mean from positive and negative deviations 

leads to results close to zero and is not displaying the real 
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divergences sufficiently. The approach employed in the 

present study uses the mean positive and negative 

deviations and the standard deviation to estimate the 

proximity of each test dataset in relation to the reference. 

From these values, one mean value for each group was 

calculated. The mean positive and negative values for each 

group could be interpreted as the trueness. 

STL files of each group were superimposed 1 by 1 on the 

imported reference STL file of our model to calculate the 

Trueness and the data of the root mean square (RMS) of 

each superimposition was collected
28

 to evaluate 

quantitative accuracy, since it shows a high estimate of the 

average error, and an average value was calculated. 

Samples with 10 mm post space (106.19±38.94) had a 

significantly higher RMS value than samples with 7 mm 

post space (70.39±28.63) (p=0.005). 

Specifically, the scanned post spaces depths of 7mm 

achieved higher trueness value compared to the 10mm 

post space scans respectively with all scanning techniques 

used. 

This was in agreement with Pinto et al
18

. Since they 

reported that the digital impression showed lower 

capability to read the post-space depths compared to the 

traditional impression and as the depths of the preparation 

is increased the accuracy of the scan produced is 

decreased. 

This was also in agreement with Gurpinar et al.
29

 who 

concluded that a pulpal chamber extension depth with a 2 

mm depth showed significantly better scanning trueness 

than that with a 5 mm depth. 

Improvements in scanners and scanning techniques will 

remain day after day paving the road for a more accurate 

scans and more applications maintaining the door open for 

future research to evaluate their accuracy and precision. 

Conclusion: 

Diverse depths of the post space preparation showed 

varying degrees of trueness compared to the reference 

scan. Samples with 10 mm post space had a lower trueness 

value than samples with 7 mm post space.  

References: 

1. Ferrari M, Cagidiaco MC, Grandini S, De Sanctis M, 

Goracci C. Post placement affects survival of 

endodontically treated premolars. J Dent Res. 

2007;86(8):729–734.  

2. Schmage P, Pfeiffer P, Pinto E, Platzer U, Nergiz I. 

Influence of oversized dowel space preparation on the 

bond strengths of FRC posts. Oper Dent. 2009;34(1):93–

101.  

3. Özkurt Z, Işeri U, Kazazoǧlu E. Zirconia ceramic post 

systems: A literature review and a case report. Dent Mater 

J. 2010;29(3):233–245. 

4. Awad MA, Marghalani TY. Fabrication of a custom-

made ceramic post and core using CAD-CAM technology. 

J Prosthet Dent. 2007;98(2):161–162.  

5. Nino T, Juloski J, Michele C, Goracci C, Allesandro V, 

Grandini S, et al. Influence of different scanning 

techniques on in vitro performance of CAD-CAM- 

fabricated fiber posts. J Oral Sci. 2018;60(2):262–268.  

6. Lee JH, Sohn DS, Lee CH. Fabricating a fiber-

reinforced post and zirconia core with CAD/CAM 

technology. J Prosthet Dent. 2014;112(3):683–685.  

7. Liu P, Deng XL, Wang XZ. Use of a CAD/CAM-

fabricated glass fiber post and core to restore fractured 

anterior teeth: A clinical report. J Prosthet Dent. 

2010;103(6):330–333.  

8. Chen Z, Li Y, Deng X, Wang X. A novel computer-

aided method to fabricate a custom one-piece glass fiber 

dowel-and-core based on digitized impression and crown 

preparation data. J Prosthodont. 2014;23(4):276–283.  

9. Luthardt RG, Holzhüter MS, Rudolph H, Herold V, 

Walter MH. CAD/CAM-machining effects on Y-TZP 

zirconia. Dent Mater. 2004;20(7):655–662.  

10. Kuttler S, McLean A, Dorn S, Fischzang A. The 

impact of post space preparation with Gates-Glidden drills 

on residual dentin thickness in distal roots of mandibular 

molars. J Am Dent Assoc. 2004;135(7):903–909.  

11. Ferracane JL. Developing a more complete 

understanding of stresses produced in dental composites 

during polymerization. Dent Mater. 2005;21(1):36–42.  

12. Pirani C, Chersoni S, Foschi F, Piana G, Loushine RJ, 

Tay FR, et al. Does hybridization of intraradicular dentin 

really improve fiber post retention in endodontically 

treated teeth? J Endod. 2005;31(12):891–894.  

13. Lassila LVJ, Tanner J, Le Bell AM, Narva K, Vallittu 

PK. Flexural properties of fiber reinforced root canal 

posts. Dent Mater. 2004;20(1):29–36.  

14. Le Bell AM, Lassila LVJ, Kangasniemi I, Vallittu PK. 

Bonding of fibre-reinforced composite post to root canal 

dentin. J Dent. 2005;33(7):533–539.  

15. Chiu A, Chen YW, Hayashi J, Sadr A. Accuracy of 

CAD/CAM digital impressions with different intraoral 

scanner parameters. Sensors (Switzerland). 2020;20(4). 

16. Michelinakis G, Apostolakis D, Tsagarakis A, 

Kourakis G, Pavlakis E. A comparison of accuracy of 3 

intraoral scanners: A single-blinded in vitro study. J 

Prosthet Dent. 2020;124(5):581–588.  

17. Güth JF, Runkel C, Beuer F, Stimmelmayr M, Edelhoff 

D, Keul C. Accuracy of five intraoral scanners compared 

to indirect digitalization. Clin Oral Investig. 

2017;21(5):1445–1455.  

18. Pinto A, Arcuri L, Carosi P, Nardi R, Libonati A, 

Ottria L, et al. In vitro evaluation of the post-space depth 

reading with an intraoral scanner (IOS) compared to a 

traditional silicon impression. ORAL Implantol. 

2017;10(4):360–368.  

19. Kim JE, Hong YS, Kang YJ, Kim JH, Shim JS. 

Accuracy of Scanned Stock Abutments Using Different 

Intraoral Scanners: An In Vitro Study. J Prosthodont. 

2019;28(7):797–803.  



 
 
 

March 2022 – Volume 9 – Issue 1 31 Mansoura Journal of Dentistry 

 

 

 

Faculty of Dentistry – Mansoura University 
 

20. Lim JH, Park JM, Kim M, Heo SJ, Myung JY. 

Comparison of digital intraoral scanner reproducibility and 

image trueness considering repetitive experience. J 

Prosthet Dent. 2018;119(2):225–232.  

21. Nulty AB. A comparison of full arch trueness and 

precision of nine intra-oral digital scanners and four lab 

digital scanners. Dent J. 2021;9(7).  

22. Ender A, Mehl A. In-vitro evaluation of the accuracy 

of conventional and digital methods of obtaining full-arch 

dental impressions. Quintessence Int (Berl). 2015;46(1):9–

17.  

23. Renne W, Ludlow M, Fryml J, Schurch Z, Mennito A, 

Kessler R, et al. Evaluation of the accuracy of 7 digital 

scanners: An in vitro analysis based on 3-dimensional 

comparisons. J Prosthet Dent. 2017;118(1):36–42.  

24. Sacher M, Schulz G, Deyhle H, Jäger K, Müller B. 

Comparing the accuracy of intraoral scanners, using 

advanced micro computed tomography. In: Müller B, 

Wang G, editors. Developments in X-Ray Tomography 

XII. SPIE; 2019. p. 59.  

25. Nedelcu R, Olsson P, Nyström I, Rydén J, Thor A. 

Accuracy and precision of 3 intraoral scanners and 

accuracy of conventional impressions: A novel in vivo 

analysis method. J Dent. 2018;69:110–118.  

26. Steinhäuser-Andresen S, Detterbeck A, Funk C, 

Krumm M, Kasperl S, Holst A, et al. Pilot study on the 

accuracy and dimensional stability of impression materials 

using industrial CT measurements. J Orofac Orthop. 

2011;72(2):111–124.  

27. Ender A, Mehl A. Full arch scans: conventional versus 

digital impressions--an in-vitro study. Int J Comput Dent. 

2011;14(1):11–21.  

28. Ender A, Mehl A. Accuracy of complete-Arch dental 

impressions: A new method of measuring trueness and 

precision. J Prosthet Dent. 2013;109(2):121–128. 

29. Gurpinar B, Tak O. Effect of pulp chamber depth on 

the accuracy of endocrown scans made with different 

intraoral scanners versus an industrial scanner: An in vitro 

study. J Prosthet Dent. 2020;  


