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ABSTRACT

INTRODUCTION: In the literature, there is information regarding the accuracy of models generated by 
conventional impression materials and intraoral scanners, but data on the accuracy of 3D models generated 
from cone-beam computed tomography (CBCT) is still lacking.

AIM: The aim of this article is to investigate and compare the accuracy of tooth reconstructions made on 3D 
models generated from CBCT and intraoral scanning, as well as on plaster models from conventional im-
pression materials, to the results of intraoral measurements using a digital caliper.

MATERIALS AND METHODS: The study included a total of 38 individuals (16 males and 22 females). After 
the initial examination, we scheduled appointments for the approved participants to undergo clinical pro-
cedures and imaging studies in the following sequence: 1. placement of composite markers; 2. physical mea-
surements; 3. intraoral scanning; 4. CBCT; 5. capturing a conventional impression; 6. removal of compos-
ite markers. 

Following are the laboratory and measurement stages for the study: 7. casting gypsum models; 8. measure-
ments on gypsum models; 9. converting the DICOM files from CBCT scans to STL files; 10. conducting mea-
surements on digital models from CBCT and intraoral scanning.

RESULTS: Results from the reliability assessment of the researcher’s measurements for the studied modal-
ities indicate a correlation coefficient ranging from moderate to excellent with very high statistical signifi-
cance. Concerning accuracy, differences are observed between individual modalities. 

CONCLUSION: In summary, conventional methods and materials still outperform intraoral scanners in 
terms of the accuracy of the obtained reconstructions. 3D models generated from CBCT scans are general-
ly the least satisfactory among the tested modalities, with deviations typically within clinically acceptable 
values. 

Keywords: intraoral scanner, cone-beam computer tomography, conventional impression, accuracy, 
comparison

INTRODUCTION
Dental medicine is advancing at an exception-

ally fast pace, and one of the main reasons for this is 
the integration of digital technologies across its var-
ious fields (1,2). For instance, intraoral scanners, as 
an alternative to conventional impression techniques 
and materials (3) and the increasing use of cone-beam 
computed tomography (CBCT) scanners for every-
day dental practice needs (4) exemplify this trend. 
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However, in everyday practice, conventional meth-
ods, materials, and techniques are still widely used. 
A clear example is the use of impression materials, 
which are still commonly utilized. With the help of 
taken impressions, we can obtain plaster models that 
are replicas of the patient’s clinical situation, serv-
ing as a tool for more precise treatment planning and 
execution. Additionally, these models play a funda-
mental role in facilitating the communication be-
tween dental practitioners and dental laboratories.

Due to technological progress, various intra-
oral scanners (IOSs) are increasingly available on 
the market, offering the possibility to obtain dig-
ital models as an alternative to conventional meth-
ods. Working with IOS offers several advantages (5). 
The accuracy of various materials and modalities for 
taking impressions has been widely discussed by dif-
ferent authors, and to date, there is no unanimous 
consensus on whether conventional or digital tech-
niques are more accurate.

Digital technologies also significantly influence 
the field of dental imaging diagnostics. With the in-
troduction of CBCT, the possibilities for diagnosis, 
planning, and treatment in all areas of dental medi-
cine have expanded. Volume visualization programs 
allow the construction of 3D models from CBCT 
data using algorithms typically unique to each pro-
gram. The resulting 3D reconstructions (3D volume 
rendering) enable actions such as landmark identifi-
cation, measurements, bone fragment manipulation, 
and virtual osteotomies. Therefore, the accuracy of 
the obtained model is of paramount importance not 
only for diagnostic purposes but also for treatment 
planning and its outcomes.

AIM
The aim of this article is to investigate and com-

pare the accuracy of dental arch reconstructions 
made on 3D models generated from CBCT and in-
traoral scanning, as well as on plaster models from 
conventional impression materials, to the results of 
intraoral measurements using a digital caliper.

MATERIALS AND METHODS 
The clinical study was conducted after obtain-

ing approval from the Ethics Committee for Scientif-
ic Research at MU-Varna: protocol/decision No. 131, 

session held on May 11, 2023. All participants in the 
study have provided informed consent.

The study was conducted at the following loca-
tion: University Dental Medical Center at the Medi-
cal University of Varna

The study included a total of 38 individuals (16 
males and 22 females) with an average age of 29.8 
years (ranging from 18 to 75 years).

Inclusion criteria for participants:
 � signed informed consent;
 � age over 18 years;
 � gender: no preference;
 � individuals without active orthodontic 
treatment;

 � individuals with up to one missing tooth in the 
position of the first molars;

 � individuals with up to one prosthetic restora-
tion (crown) in the position of the first molars 
on a natural tooth;

 � individuals with the presence of first premolars 
and central incisors in the lower jaw;

 � good oral hygiene;
 � individuals in overall good health.
Exclusion criteria for participants:

 � individuals with severe systemic diseases;
 � pregnancy and breastfeeding;
 � age under 18 years;
 � mental health disorders;
 � individuals with missing first premolars and 
central incisors in the lower jaw;

 � individuals with prosthetic restorations 
(crowns) in the position of first premolars and 
central incisors on natural teeth;

 � individuals with restorations on implants in the 
lower jaw;

 � acute and chronic inflammatory processes in-
volving the hard and soft tissues in the oral cav-
ity in the examination area;

 � individuals with advanced periodontitis;
 � individuals currently undergoing radiation 
therapy or chemotherapy.

METHODS
A preliminary clinical examination was con-

ducted on each patient in order to analyze the exist-
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ing dentition (in the lower jaw) and to assess eligibil-
ity for participation in the study based on the inclu-
sion/exclusion criteria set.

Following the initial examination, for each of 
the approved participants, appointments were sched-
uled for clinical procedures and imaging studies, 
conducted in the following sequence:

1. placement of composite markers/buttons;
2. physical measurements;
3. intraoral scanning;
4. CBCT;
5. taking conventional impressions:

a) taking an impression with A-silicone;
b) taking an impression with polyether;

6. removing composite markers.
1. Placement of Composite Markers/Buttons
Before conducting intraoral measurements, 

composite markers were placed on the vestibular 
surfaces of teeth 36, 46, 34, and 44 to serve as refer-
ence points for individual measurements. A two-step 
etch-and-rinse protocol was used. The vestibular 
surface of the specified teeth was selectively etched 
in the area around the equator for 20 seconds, rinsed 
with water for at least 10 seconds, air-dried until a 
chalky white surface was visualized, and then a sin-
gle-component adhesive, Universal Viva Pen, was 
applied for 10 seconds, followed by drying for 10 sec-
onds and curing with a photopolymerization lamp 
(3M Elipar Deep Cure, 3M ESPE) for 20 seconds. Du-
al-cure composite material, Grandio Core Dual Cure 
(VOCO GmbH), was immediately applied after cur-
ing the bond, and the composite was cured for 20 
seconds following its application.

2. Physical Measurements
After creating the composite markers, direct 

physical measurements were taken intraorally using 
a digital caliper, Kinex (Kinex measuring, Czech Re-
public), with a range of 0–300 mm, a jaw length of 60 
mm, and a resolution of 0.01 mm. Linear distances 
in the lower jaw were measured between teeth 36 and 
46, 34 and 44, 36 and 34, 46 and 44, 34—the midline 
between 31 and 41, and 44—the midline between 31 
and 41. These values served as reference values for 
comparison. Measurements were recorded in mil-
limeters with a tenth of a millimeter precision. The 
caliper was zeroed and calibrated before each sub-

sequent measurement. When measuring distances 
between 34—midline between 31 and 41, and 44—
midline 31 and 41, one end of the jaws was placed 
on a point between the central incisors in the middle 
third of the respective teeth.

3. Intraoral Scanning
Intraoral scanning was performed using Trios 

4 (3Shape, Denmark, Copenhagen) following cali-
bration before each new scan, in accordance with the 
scanning strategy for the lower jaw recommended by 
the manufacturer. The resulting model was exported 
and saved as an .STL file. 

4. CBCT
Each volunteer in the study was scanned using 

a cone-beam computed tomograph, New Tom Giano 
HR Professional (2019), with the following parame-
ters: tube voltage 90V, current 4mA, exposure time 
8s, and a CMOS detector—a flat panel of amorphous 
silicon transforming X-ray energy into a digital sig-
nal. Prior to the imaging, informed consent for the 
imaging study was obtained. For image reconstruc-
tion, isotropic voxels with a size of 0.15 mm (150 mi-
crons) were used. The selected field of view (FOV) 
was 10x10. During scanning, the X-ray tube and de-
tector rotated 360 degrees around the patient’s head. 
Using an HP Z240 Tower Workstation with an In-
tel Xeon CPU E3-1270 v5, 3.60 GHz, 8.00 GB RAM, 
Windows 10 Pro, and NNT Viewer software, the ob-
tained image was reconstructed in multi-planar re-
construction (MPR) mode in three planes.

5. Taking Conventional Impressions
a) Taking an Impression with A-Silicone
We used Medesy (Italy) metal trays. Each tray 

was coated with Universal Tray Adhesive (Zher-
marck) and allowed to dry for 10 minutes before tak-
ing the impression. We used Elite HD+ Putty Soft 
Normal set (Zhermarck) in combination with Elite 
HD+ Light Body Normal Set (Zhermarck) (a one-
step two-phase technique). Elite HD+ Putty Soft was 
mixed in equal amounts, both for the base and cata-
lyst, measured using measuring spoons. Mixing was 
performed for 45–60 seconds in accordance with the 
manufacturer’s recommendations, using latex-free 
gloves to reduce the risk of inhibiting the silicone po-
lymerization process. The mixed putty material was 
then applied to the selected tray. The light body ma-
terial was mixed using a dispensing gun and mixing 
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cannulas in a 1:1 ratio and applied onto the putty ma-
terial before placing the tray in the patient’s mouth. 
After polymerization of the impression material, the 
tray was removed from the patient’s mouth, rinsed 
with running water, and disinfected.

b) Taking an Impression with Polyether
We used standard Rim-Lock metal trays with 

pre-applied Polyether Adhesive (3M ESPE), which 
was applied 10 minutes before taking the impres-
sion and allowed to dry thoroughly. The polyether 
impression material we used was Impregum Mono-
phase (3M ESPE), which was mixed using a Pentam-
ix 3 (3M ESPE) machine for automatic mixing. After 
polymerization of the impression material, the tray 
was removed from the patient’s mouth, rinsed with 
running water, and disinfected.

6. Removing Composite Markers
After performing physical measurements, tak-

ing digital and conventional impressions, and con-
ducting CBCT, we removed the composite markers 
placed on the vestibular surfaces of the lower first 
molars and first premolars. We used a white Arkan-
sas stone with a flame-shaped tip for a high-speed 
handpiece at 10,000 rotations per minute with water 
cooling for this purpose.

Subsequent laboratory and measurement 
steps include:

7. pouring gypsum models;
8. measurements on gypsum models;
9. converting DICOM to STL files from CBCT 

scans;
10. performing measurements on digital models 

from CBCT and intraoral scanning.
7. Pouring Gypsum Models
We poured the gypsum models within 12 

hours after taking the conventional impressions. 
We used class 4 hard gypsum with Fuji rock EP Pre-
mium Line Pastel Yellow, following the manufac-
turer’s recommended water-to-gypsum ratio. Mix-
ing was performed using a vacuum gypsum mixer 
Renfert Twister venturi for one minute at a speed of 
450 rpm, reaching 100% vacuum. The gypsum was 
then poured into the impressions placed on a Vi-
brax 230V/50Hz Renfert vibrating table at intensi-
ty level 3 and a low-frequency working module un-
til maximum gypsum flow within the impression 
was achieved. Subsequently, the mixed gypsum 

was poured into a rubber mold for models and the 
impression tray with the impression material was 
placed on the mold. The setting time for this plaster 
is between 9 and 12 minutes, but the models were re-
leased from the impressions 24 hours after casting.

8. Measurements on Gypsum Models
After the gypsum models had set and been re-

moved from the impressions, measurements were 
taken using a digital caliper, Kinex (Kinex measur-
ing, Czech Republic), with a range of 0–300 mm, jaw 
length of 60 mm, and a resolution of 0.01 mm. Lin-
ear distances on the lower jaw were measured be-
tween teeth 36 and 46, 34 and 44, 36 and 34, 46 and 
44, 34—the midline between 31 and 41, and 44—the 
midline between 31 and 41. The measurements were 
recorded in millimeters with a precision of one-tenth 
of a millimeter.

9. Converting DICOM to STL Files from CBCT 
Scans

We converted the generated DICOM files from 
CBCT scans into STL files to perform linear mea-
surements using suitable software. The conversion 
was done using InVesalius 3.1 software, with the 
original resolution set to 100%. The conversion pro-
cess included:

 � manually setting a threshold value for tissue vi-
sualization, ranging from 1600 to 7500, to re-
duce artifact presence in the resulting 3D mod-
el while improving the visibility of composite 
markers;

 � cropping unnecessary parts of the file volume 
using the Tools→Mask→Crop option;

 � applying the Create Surface command with the 
following parameters: method: context-aware 
smoothing, angle: 0.7, max. distance: – 1.20, 
min. weight: 0.5, n. steps: 10;

 � exporting and saving the resulting digital mod-
el as an STL file.
10. Performing Measurements on Digital 

Models from Intraoral Scanning and CBCT
To conduct measurements on digital mod-

els obtained from intraoral scanning and CBCT, we 
used 3Shape 3D Viewer. Since the software allows si-
multaneous measurement of up to three linear dis-
tances, the following approach was developed to op-
timize accuracy when measuring distances between 
teeth 36 and 46, 34 and 44, 36 and 34, 46 and 44, 
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34—the midline between 31 and 41, and 44—the 
midline between 31 and 41:

1. placing a digital marker on the midline between 
teeth 31 and 41;

2. placing a digital marker above the composite 
marker on the vestibular surface of tooth 34;

3. placing a digital marker above the compos-
ite marker on the vestibular surface of tooth 
36 and positioning a second marker over the 
first marker on the vestibular surface of tooth 
34, ensuring the markers align as accurately as 
possible;

4. placing a digital marker above the compos-
ite marker on the vestibular surface of tooth 
44 and positioning a second marker over the 
marker on the vestibular surface of tooth 34, 
aiming for maximum alignment accuracy;

5. moving the first marker from the vestibular 
surface of tooth 34 onto the marker on the ves-
tibular surface of tooth 44;

6. moving the second marker from the vestibular 
surface of tooth 34 onto the vestibular surface 
of tooth 46 above the composite marker;

7. moving a marker from the midline between 
teeth 31 and 41 onto the marker on the vestib-
ular surface of tooth 46, ensuring maximum 
alignment accuracy between the markers.
In this way, distances were measured in the fol-

lowing order:
1. 34—the midline between 31 and 41;
2. 34–36;
3. 34–44;
4. 44—the midline between 31 and 41;
5. 36–46;
6. 44–46.

For each intraoral scan and 3D model from 
CBCT, measurements were conducted in this se-
quence to reduce the possibility of placing markers 
in different positions each time.

RESULTS
From all 38 participants in the study, the fol-

lowing measurements were taken:
 � a total of 223 physical measurements;

 � 223 primary and 126 repeat measurements on 
digital models obtained from intraoral scan-
ning with a 3Shape Trios 4 IOS;

 � 217 primary and 126 repeat measurements on 
3D models generated from CBCT scans;

 � 223 primary and 126 repeat measurements on 
gypsum models obtained from impressions 
with A-silicone (Elite HD+ Putty Soft Normal 
Set, Zhermarck) in combination with Elite HD 
+ Light Body Normal Set (Zhermarck);

 � 223 primary and 126 repeat measurements on 
gypsum models obtained from impressions 
with polyether (Impregum Soft, 3M ESPE).
The reason for the lower number of primary 

measurements on 3D models generated from CBCT 
scans compared to the others is due to image distor-
tion in certain areas where there were strong radi-
opaque materials, making segmentation during con-
version (from DICOM to STL files) almost impossi-
ble with the software used in this study.

The distribution of measurements based on the 
measured distances and modalities is presented in 
Fig 1.

RELIABILITY
To assess the reliability of the investigated 

methodologies, we used the Pearson/Spearman cor-
relation coefficient. Results from the reliability as-
sessment of the researcher’s measurements for the 
studied modalities indicate a correlation coefficient 
ranging from moderate to excellent with very high 
statistical significance. These results are presented in 
Table 1.

Regarding reliability, all tested modalities have 
proven to be reliable. However, there was a tendency 
to overestimate the measured lengths when conduct-
ing repeated measurements.

Fig. 1. Distribution of measurements based on the mea-
sured distances and modalities.



Konstantin Kostadinov, Stefan Peev

Scripta Scientifica Medicinae Dentalis, 2023;9(2):42-60
Medical University of Varna

47

ACCURACY
Concerning accuracy, differences were ob-

served between individual modalities. Table 2 pres-
ents descriptive characteristics of the results obtained 
from measurements on the 3D reconstruction gener-
ated by CBCT and IOS, as well as on tooth recon-
structions using gypsum models made from elasto-
meric impression materials (Impregum Monophase 
and Elite HD+).

Table 3 summarizes the results of the conduct-
ed analyses for the statistical hypothesis testing of 
the difference between means of two dependent sam-

ples (Paired t-test/Wilcoxon test) and the effect size 
(Effect Size) using Cohen’s D.

RESULTS OF THE COMPARATIVE 
ANALYSIS BETWEEN THE INVESTI-
GATED MODALITIES
Results of the comparative analysis between the 

individual modalities for measuring linear distances 
between 46 and 36 are presented in Table 4.

There is no statistically significant difference 
between the individual modalities in measuring the 
linear distance between 46 and 36. Among the stud-
ied modalities, overestimation of measured values 

Linear 
Measurements N

IOS CBCT Impregum Elite HD+

r p r p r p r p

46x36, mm 21 0.995** <0.0001 0.977 <0.0001 0.981** <0.0001 0.995** <0.0001
44x34, mm 21 0.989** <0.0001 0.983 <0.0001 0.991** <0.0001 0.984** <0.0001
36x34, mm 21 0.958** <0.0001 0.803 <0.0001 0.834** <0.0001 0.740** <0.0001
46x44, mm 21 0.802** <0.0001 0.848 <0.0001 0.850** <0.0001 0.888** <0.0001
34x31/41, mm 21 0.971** <0.0001 0.969 <0.0001 0.965** <0.0001 0.956** <0.0001
44x31/41, mm 21 0.982** <0.0001 0.980 <0.0001 0.967** <0.0001 0.944** <0.0001

Table 1. Reliability assessment.

Linear 
Measurements Modalities N Mean SD SE

CI 95% for Mean
Min Max

Low Up

46х36, mm

Physical 
measurements 36 48.893 3.33 0.56 47.77 50.02 41.06 56.60

IOS 36 48.960 3.40 0.57 47.81 50.11 40.52 56.61
CBCT 33 49.015 3.37 0.59 47.82 50.21 41.62 56.50
Impregum 
gypsum models 36 48.889 3.31 0.55 47.77 50.01 41.21 56.90

Elite HD+ 
gypsum models 36 48.849 3.37 0.56 47.71 49.99 41.44 56.84

Total 177 48.919 3.32 0.25 48.43 49.41 40.52 56.90

44x34, mm

Physical 
measurements 38 36.59 2.80 0.45 35.67 37.51 30.53 41.53

IOS 38 36.45 2.88 0.47 35.51 37.40 29.75 41.39
CBCT 38 36.44 2.79 0.45 35.52 37.36 30.21 41.53
Impregum 
gypsum models 38 36.72 2.91 0.47 35.76 37.68 29.96 41.76

Elite HD+ 
gypsum models 38 36.65 2.90 0.47 35.70 37.61 29.78 41.74

Total 190 36.57 2.83 0.21 36.17 36.98 29.75 41.76

Table 2. Accuracy between different modalitities.
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is observed in the group of 3D models from CBCT 
compared to the others.

Results of the comparative analysis between the 
individual modalities for measuring linear distances 
between 44 and 34 are presented in Table 5.

From the conducted statistical analysis for the 
linear distance between 44 and 34, it was found that 
there was a statistically significant difference in the 
mean difference values between the groups of IOS-

Impregum, CBCT-Impregum, and CBCT-EliteHD. 
The mean difference values from measurements on 
elastomeric impression materials tend to be overes-
timated compared to the 3D models generated from 
CBCT. The same was observed for elastomers com-
pared to IOS.

Results of the comparative analysis between the 
individual modalities for measuring linear distances 
between 36 and 34 are presented in Table 6.

36x34, mm

Physical 
measurements 37 15.84 1.07 0.18 15.49 16.20 13.70 18.20

IOS 37 16.02 1.01 0.17 15.68 16.35 14.33 17.99
CBCT 36 16.11 1.06 0.18 15.76 16.47 13.97 18.15
Impregum 
gypsum models 37 15.94 0.98 0.16 15.61 16.26 13.85 17.87

Elite HD+ 
gypsum models 37 15.95 1.06 0.17 15.60 16.31 13.85 18.19

Total 184 15.97 1.03 0.08 15.82 16.12 13.70 18.20

46x44, mm

Physical 
measurements 36 15.41 2.29 0.38 14.63 16.18 8.47 20.39

IOS 36 15.64 2.46 0.41 14.81 16.47 8.15 20.94
CBCT 34 15.61 2.51 0.43 14.74 16.49 8.24 20.91
Impregum 
gypsum models 36 15.42 2.34 0.39 14.62 16.21 8.49 20.72

Elite HD+ 
gypsum models 36 15.41 2.34 0.39 14.62 16.20 8.50 20.19

Total 178 15.50 2.36 0.18 15.15 15.85 8.15 20.94

34x31/41, mm

Physical 
measurements 38 20.49 1.53 0.25 19.99 20.99 16.84 23.62

IOS 38 20.73 1.59 0.26 20.21 21.25 17.58 24.12
CBCT 38 20.70 1.56 0.25 20.18 21.21 17.60 24.79
Impregum 
gypsum models 38 20.48 1.61 0.26 19.95 21.01 16.60 24.70

Elite HD+ 
gypsum models 38 20.49 1.64 0.27 19.95 21.03 16.52 24.31

Total 190 20.58 1.57 0.11 20.35 20.80 16.52 24.79

44x31/41, mm

Physical 
measurements 38 20.69 1.57 0.26 20.17 21.21 17.35 24.16

IOS 38 21.04 1.56 0.25 20.53 21.56 18.06 24.52
CBCT 38 21.13 1.58 0.26 20.61 21.65 17.97 24.52
Impregum 
gypsum models 38 20.71 1.63 0.26 20.17 21.24 17.81 24.50

Elite HD+ 
gypsum models 38 20.75 1.64 0.27 20.21 21.29 17.96 24.56

Total 190 20.86 1.59 0.12 20.64 21.09 17.35 24.56



Konstantin Kostadinov, Stefan Peev

Scripta Scientifica Medicinae Dentalis, 2023;9(2):42-60
Medical University of Varna

49

Statistical Hypothesis and Effect 
Size for Dependent Samples

Control & IOS 3 
Shape

Control & 3D 
Reconstruction 

from CBCT

Control & 
Impregum Control & Elite HD

46x36
Statistical 
significance insignificant insignificant insignificant insignificant

Effect size small small very small very small

44x34
Statistical 
significance insignificant significant insignificant insignificant

Effect size small small small very small

36x34
Statistical 
significance insignificant significant insignificant insignificant

Effect size small moderate small small

46x44
Statistical 
significance significant significant insignificant insignificant

Effect size small moderate very small very small

34x31/41
Statistical 
significance significant significant insignificant insignificant

Effect size moderate moderate very small very small

44x31/41
Statistical 
significance significant significant insignificant insignificant

Effect size large large very small very small

Table 3. Summarized result from statistical hypothesis.

Modality comparison Mean Dif SE for 
Mean Dif P*

CI 95% for Mean Dif.*
Low Up

46х36, mm_IOS vs. 46х36, mm_CBCT -0.059 0.095 1.000 -0.347 0.229
46х36, mm_IOS vs. 46х36, mm_Impregum 0.036 0.077 1.000 -0.196 0.268
46х36, mm_IOS vs. 46х36, mm_EliteHD 0.106 0.075 1.000 -0.120 0.333
46х36, mm_CBCT vs. 46х36, mm_Impregum 0.095 0.071 1.000 -0.120 0.310
46х36, mm_CBCT vs. 46х36, mm_EliteHD 0.165 0.064 0.149 -0.028 0.359
46х36, mm_Impregum vs. 46х36, mm_EliteHD 0.071 0.043 1.000 -0.059 0.201
* Bonferoni correction

Table 4. Comparative analysis between the individual modalities for measuring linear distances between 46 and 36.

Modality Comparison Mean Dif
Low

SE for 
Mean Dif

Up
P*

CI 95% for Mean Dif.*

Low Up

44х34, mm_IOS vs. 44х34, mm_CBCT 0.010 0.059 1.000 -0.165 0.185
44х34, mm_IOS vs. 44х34, mm_Impregum -.270* 0.073 0.007 -0.487 -0.053
44х34, mm_IOS vs. 44х34, mm_EliteHD -0.201 0.077 0.137 -0.432 0.031
44х34, mm_CBCT vs. 44х34, mm_Impregum -.280* 0.054 0.000 -0.443 -0.118
44х34, mm_CBCT vs. 44х34, mm_EliteHD -.211* 0.061 0.013 -0.391 -0.030
44х34, mm_Impregum vs. 44х34, mm_EliteHD 0.070 0.042 1.000 -0.055 0.194
* Bonferoni correction

Table 5. Comparative analysis between the individual modalities for measuring linear distances between 44 and 34.
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From the conducted statistical analysis for the 
linear distance between 36 and 34, it was found that 
there was a statistically significant difference in the 
mean difference values between the group of 3D 
models from CBCT and EliteHD, with a tendency to 
underestimate the obtained values for the elastomer-
ic impression material compared to CBCT. There 
was no statistically significant difference observed 
between the measured mean difference values for the 
other modalities.

Results of the comparative analysis between the 
individual modalities for measuring linear distances 
between 46 and 44 are presented in Table 7.

There was no statistically significant differ-
ence in the mean difference values for measure-
ments of the fourth quadrant between the examined 
modalities.

Results of the comparative analysis between the 
individual modalities for measuring linear distances 
between 34 and 31/41 are presented in Table 8.

Modality Comparison Mean Dif SE for 
Mean Dif P*

CI 95% for Mean Dif.*
Low Up

36х34, mm_IOS vs. 36х34, mm_CBCT -0.105 0.055 0.659 -0.270 0.061
36х34, mm_IOS vs. 36х34, mm_Impregum 0.079 0.070 1.000 -0.130 0.289
36х34, mm_IOS vs. 36х34, mm_EliteHD 0.067 0.072 1.000 -0.149 0.283
36х34, mm_CBCT vs. 36х34, mm_Impregum 0.184 0.062 0.055 -0.002 0.371
36х34, mm_CBCT vs. 36х34, mm_EliteHD 0.171* 0.053 0.026 0.013 0.330
36х34, mm_Impregum vs. 36х34, mm_EliteHD -0.013 0.043 1.000 -0.143 0.117
* Bonferoni correction

Table 6. Comparative analysis between the individual modalities for measuring linear distances between 36 and 34.

Modality Comparison Mean Dif SE for 
Mean Dif P*

CI 95% for Mean Dif.*
Low Up

46х44, mm_IOS vs. 46х44, mm_CBCT 0.004 0.069 1.000 -0.205 0.213
46х44, mm_IOS vs. 46х44, mm_Impregum 0.185 0.086 0.393 -0.074 0.444
46х44, mm_IOS vs. 46х44, mm_EliteHD 0.181 0.078 0.265 -0.053 0.414
46х44, mm_CBCT vs. 46х44, mm_Impregum 0.181 0.071 0.156 -0.032 0.394
46х44, mm_CBCT vs. 46х44, mm_EliteHD 0.176 0.060 0.060 -0.004 0.357
46х44, mm_Impregum vs. 46х44, mm_EliteHD -0.004 0.051 1.000 -0.158 0.150
* Bonferoni correction

Table 7. Comparative analysis between the individual modalities for measuring linear distances between 46 and 44.

Modality Comparison Mean Dif SE for 
Mean Dif P*

CI 95% for Mean 
Dif.*

Low Up
34x31_41, mm_IOS vs. 34x31_41, mm_CBCT 0.036 0.049 1.000 -0.111 0.182
34x31_41, mm_IOS vs. 34x31_41, mm_Impregum 0.255* 0.062 0.002 0.070 0.441
34x31_41, mm_IOS vs. 34x31_41, mm_EliteHD 0.244* 0.058 0.002 0.071 0.418
34x31_41, mm_CBCT vs. 34x31_41, mm_Impregum 0.219* 0.058 0.006 0.046 0.393
34x31_41, mm_CBCT vs. 34x31_41, mm_EliteHD 0.209* 0.058 0.010 0.035 0.383
34x31_41, mm_Impregum vs. 34x31_41, mm_EliteHD -0.011 0.043 1.000 -0.138 0.116
* Bonferoni correction

Table 8. Comparative analysis between the individual modalities for measuring linear distances between 34 and 31/41.
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A statistically significant difference was ob-
served between the elastomer groups (Impregum 
and Elite HD) and IOS and 3D CBCT model groups, 
with a tendency to underestimate the mean differ-
ence values for the elastomers compared to the oth-
er two groups.

Results of the comparative analysis between the 
individual modalities for measuring linear distances 
between 44 and 31/41 are presented in Table 9.

A statistically significant difference was ob-
served between the elastomer groups (Impregum 
and Elite HD) and IOS and 3D CBCT model groups, 
with a tendency to underestimate the mean differ-
ence values for the elastomers compared to the oth-
er two groups.

DISCUSSION 
At present, in the literature, we do not find data 

from in vivo studies conducted in the manner we 
selected—physical measurements intraorally from 
the lower jaw, which serve as controls. Devan Nai-
du and colleagues compared the accuracy of IOS to 
measurements with a digital caliper, but on gypsum 
models created from previously taken alginate im-
pressions (6). The inconvenience of collecting patient 
data through physical measurements is the inability 
to repeat the measurements at any time. The place-
ment of buttons is a factor that can influence subse-
quent measurements, as it is difficult to control their 
exact positioning and size. This, in turn, can affect 
measurements with the caliper since we placed the 
jaws of the caliper precisely over the buttons dur-
ing measurements. Composite buttons are also reg-

istered during intraoral scanning, scanning with 
CBCT, and in elastomeric impressions, and their role 
is the same—to serve as reference points for mea-
surements on the obtained reconstructions of the 
lower jaw, which we compare to physical measure-
ments. To minimize the risk of composite buttons 
detaching, we used etch and bond before placing the 
composite on the buccal surfaces of the teeth. 

In the study we conducted, each participant 

represented a separate experimental setup. For each 
participant, the physical measurements (intraorally 
taken with a digital caliper with an accuracy of up 
to one-tenth of a millimeter) served as controls com-
pared to measurements on reconstructions from the 
examined modalities. Even the process of working 
with a digital caliper can influence the measured val-
ues, regardless of its sample device. Another impor-
tant aspect that can have an impact, especially con-
cerning measurements in the distal zones of the oral 
cavity, is the degree of mouth opening. Patients who 
can open wide find it much easier to measure inter-
dental distances between the first molars in the third 
and fourth quadrants. The most challenging to reg-
ister for all patients were the distances between the 
sixth and fourth teeth in the third and fourth quad-
rants due to the size of the caliper we used. A caliper 
with shorter jaws would be inconvenient for measur-
ing in the distal areas. 

In our study, we used the same CBCT machine 
for all participants and applied the same scanning 
parameters. Subsequently, the obtained DICOM files 
were converted into STL format using specialized 

Modality Comparison Mean Dif
SE for 
Mean 

Dif
P*

CI 95% for Mean 
Dif.*

Low Up
34x31_41, mm_IOS vs. 34x31_41, mm_CBCT -0.084 0.062 1.000 -0.270 0.102
34x31_41, mm_IOS vs. 34x31_41, mm_Impregum 0.335* 0.066 0.000 0.139 0.531

34x31_41, mm_IOS vs. 34x31_41, mm_EliteHD 0.292* 0.070 0.002 0.083 0.501

34x31_41, mm_CBCT vs. 34x31_41, mm_Impregum 0.419* 0.073 0.000 0.201 0.638
34x31_41, mm_CBCT vs. 34x31_41, mm_EliteHD 0.376* 0.071 0.000 0.165 0.588
34x31_41, mm_Impregum vs. 34x31_41, mm_EliteHD -0.043 0.039 1.000 -0.158 0.073
* Bonferoni correction

Table 9. Comparative analysis between the individual modalities for measuring linear distances between 44 and 31/41.
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software to perform similar linear measurements on 
the generated 3D reconstructions of the lower jaw.

One of the main sources of difficulty in visu-
alizing images obtained through CBCT scanners is 
the formation of artifacts of various origins (7). Beam 
hardening is a phenomenon that causes deforma-
tions in the images around highly radiopaque mate-
rials (metals, zirconium, and composites).

For certain participants in the study (those with 
zirconium crowns on lower sixth teeth—two of them 
on tooth 46 and one on tooth 36), it was impossible 
to perform linear measurements because the mod-
el in these areas had significant deformations. Thus, 
the generated reconstructions were primarily appli-
cable to patients without existing prosthetic restora-
tions (on natural teeth or implants).

It is important to note that the head’s position, 
when stable, does not directly impact the accuracy 
of the scanned object, as demonstrated in the liter-
ature (8,9). Despite this, great care was taken to en-
sure that all patients were as centered as possible dur-
ing scanning.

According to some researchers, the voxel size 
does not significantly affect the accuracy and reli-
ability of measurements on 3D models generated by 
CBCT (10,11). In our study, all scans were performed 
with isotropic voxels measuring 0.150 mm.

During scanning, we separated the patients’ 
jaws using a plastic plate that was bitten with the cut-
ting edges of the central incisors. This facilitated the 
visualization of interproximal areas (12). The volume 
of the scanning field was 10x10 since it is prescribed 
for medical reasons and requires the inclusion of the 
upper jaw, which was a limiting factor in our study. 
This may have an impact on the visibility of tooth 
surfaces and interproximal areas and affect the ac-
curacy of measurements on 3D models. According 
to Bassan Hassan, there is a significant loss of quality 
in 3D models with a large scanning field. We cannot 
confirm this claim as we have not investigated the in-
fluence of this factor (12).

In the work of Marcelo Lupion Poleti and col-
leagues (13), an in vitro study was conducted to assess 
the reliability and accuracy of linear measurements 
on 3D models generated from CBCT using standard 
preset thresholds in two software programs for seg-
mentation. The findings from this study showed that 

linear measurements on 3D models created from sur-
faces generated by standard preset thresholds in the 
Dolphin and InVesalius software are considered reli-
able and accurate when compared to physical mea-
surements. In our study, we used InVesalius version 
3.1 software to convert the DICOM files to an STL 
format, but we could not determine the specific in-
fluence of the software on the generated models. In 
our study, the models generated in this way were not-
ed to be the least accurate compared to the studied 
models, although we did not find this to have clini-
cal significance. 

Most studies establish high accuracy in linear 
measurements conducted on 3D models generat-
ed by CBCT (12,14–19). These studies use dry skulls 
and jaws for their experiments, with some including 
the simulation of soft tissues around the scanned ob-
ject. However, this type of experimental design can-
not fully replicate the conditions in real patients. J.K. 
Dusseldorp et al. (20) have pointed out that the ac-
curacy of segmenting 3D models of hard tissues in 
the craniofacial complex and the lower jaw, obtained 
from CBCT, may be affected by the presence of soft 
tissues, and their impact may be below the gener-
ally accepted level of clinical significance, around 1 
mm. In our study, we focused on the accuracy of in-
terdental distance measurements in the lower jaw, 
where precision requirements are not as high, but we 
still found statistically significant differences com-
pared to the controls. Despite the statistically signif-
icant differences, the results in our study were still 
within the generally accepted level of clinical signif-
icance, around 1 mm. Our study provides valuable 
data regarding the reliability of 3D models generat-
ed by CBCT scanners using real patients. This repre-
sents a significant step forward in understanding the 
capabilities and limitations of these models in clini-
cal applications. The fact that we used real patients 
contributes to the real-world reproduction of clini-
cal scenarios and adds complexity to the study. Addi-
tionally, our efforts to standardize the measurement 
process among different models, as well as the use 
of the same software, contribute to minimizing the 
possible variations and errors related to the different 
steps of the study.

Danielle R. Periago et al. (21) found that most 
of the linear measurements in their study statistically 
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differed from anatomical dimensions; however, most 
of them could be considered sufficiently accurate for 
clinical craniofacial analysis. This corresponds to the 
results of our study.

In CA Lascala et al.’s study (22) they found that 
the measured distances on CBCT files tended to un-
derestimate the measurements made with a digital 
caliper on dry skulls, but they were still reliable for 
linear measurements to evaluate structures closely re-
lated to dentofacial imaging. Sebastian Baumgaertel 
et al. (14) found that dental measurements conduct-
ed on 3D reconstructions from CBCT can be used for 
quantitative analysis, as they prove to be highly reli-
able, even though there is a tendency for these mea-
surements to slightly underestimate the anatomical 
truth. In our study, we observed a tendency to over-
estimate the measured distances, but we agree that 
3D reconstructions from CBCT are suitable for con-
ducting quantitative analyses.

In addition to accuracy, Mija Kim et al. (23) also 
assessed the reliability of measurements and found 
that values from repeat measurements exhibited ex-
cellent reliability with a high intraclass correlation 
coefficient, which corresponds to the results of our 
study. High intraclass correlation coefficients were 
also found by Thais Maria Freire Fernandes et al. (11) 
who cautioned that linear measurements on 3D im-
ages were reliable but not precise, which aligns with 
the results of our study.

Intraoral scanners have been the subject of re-
search by numerous authorship teams (24–29) and 
appear to be a reliable alternative to conventional 
methods for creating non-removable constructions, 
both on natural teeth (30–33) and implants (34,35). 

Every year, new IOS systems enter the market, 
making it challenging to study the accuracy and reli-
ability of each one of them. There are numerous fac-
tors that can influence these parameters in differ-
ent systems: the scanning process, the light source, 
the need for coating powder before scanning (36), 
the operational procedure, various contactless opti-
cal technologies (37), the type of the final file (38–
40), and others. Some of these factors are beyond the 
control of dental practitioners as they are related to 
the manufacturing process and technologies of dif-
ferent scanners. On the other hand, as operators, we 

can control certain aspects during scanning that may 
affect the accuracy of the generated models.

One of the most recognizable IOSs is the 3Shape 
Trios. This system has been the subject of research 
in some studies conducted so far (41,42), but there is 
still a lack of studies entirely focused on the perfor-
mance of a specific scanner under different clinical 
or laboratory conditions.

Most studies have been conducted under exper-
imental settings (28,42–44) where factors related to 
working on patients, such as the possibility of move-
ment during scanning, gag reflex, saliva, the pres-
ence of cheeks and tongue, and restrictions in mouth 
opening, were eliminated. This certainly has a posi-
tive impact on the accuracy of research results.

In our study, we used the Trios 4 IOS (3Shape) 
and scanned only the lower jaw of real patients while 
placing them in a stable position with the head stabi-
lized on the dental chair headrest. This way, we gen-
erated a digital diagnostic model on which we con-
ducted linear measurements resembling orthodon-
tic analysis (6). One of our goals was to determine 
the accuracy of linear measurements made on recon-
structions of the lower jaw from IOS compared to in-
traoral measurements with a digital caliper.

In clinical practice, there are numerous factors 
that can influence the accuracy of the created model. 
Gan Ning and his team demonstrated that even the 
width of the dental arch could affect scanning accu-
racy (45), but this is an aspect we cannot directly con-
trol. The bending of the lower jaw, known as man-
dibular flexure (46) can also affect the model’s accu-
racy compared to the real clinical situation, but there 
is no objective way to determine the degree of this 
bending. Therefore, during scanning, we encouraged 
patients not to open their lower jaw too wide. Saliva 
is a factor that can affect the model’s accuracy (47), 
so before each scan, we used a three-function spray 
handle to dry the area of the lower jaw and then used 
aspiration from the dental unit to remove saliva as 
best as possible.

Environmental factors like ambient light (48) 
and temperature (49) are also important consider-
ations when it comes to their influence on the accu-
racy of IOS. Some studies recommend turning off the 
light in the dental unit to minimize unwanted effects 
(48). The same principles for optimal color capture are 
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supported by the recommendations of 3Shape. In the 
context of our research, we conducted intraoral scans 
with the unit light turned off and maintained ambient 
temperature at levels around 22–24 degrees Celsius. 
The scanning strategy represents a factor that affects 
the accuracy of the digital impression and depends 
directly on the operator’s actions (50). According to 
observations by A. Ender and A. Mehl (51), available 
intraoral scanning systems demonstrate high accu-
racy in generating impressions for the entire dental 
arch when suitable scanning strategies are employed. 
Priscilla Medina-Sotomayar and her team conducted 
studies on various scanning strategies for four IOSs 
and found that this aspect had a stronger impact on 
the accuracy and precision of scanning for some de-
vices compared to others (52). Based on the find-
ings of these studies, we decided to follow a scanning 
strategy for the lower jaw according to the manufac-
turer’s recommendations. 

Studies by Peter Rehmann and colleagues (53) 
emphasized that calibrating IOS before use had a 
positive impact on scanning accuracy. For this rea-
son, we performed calibration before each scan. 

According to the results of Ji-Won Anh’s study 
(41) the alignment of teeth was not included as a de-
termining factor in patient selection for the current 
study. Patients wearing braces (38) and implants (54) 
were excluded from the study, because the presence 
of such elements could impact scanning results and 
would definitely affect the scanning process with 
CBCT.

Based on our observations regarding comfort 
and speed, the IOS we used performed exceptionally 
well, consistent with conclusions from other studies 
(20,55,56). The average time required for scanning 
was approximately 1 minute, which was definitely 
shorter than the time needed for conventional im-
pressions. We did not register any cases in which pa-
tients experienced a gag reflex. An additional advan-
tage of working with the 3Shape Trios 4 was the abil-
ity to rescan specific areas if the results were unsat-
isfactory without the need for an entirely new scan. 
This provided convenience and saved time. Further-
more, we had the opportunity to immediately assess 
the quality of the generated model in its true colors, 
which is not possible with conventional impression 
methods. 

To perform linear measurements on the creat-
ed models, we used specialized software (3Shape 3D 
Viewer). To guide the placement of markers between 
specific points, we utilized pre-attached composite 
buttons on the vestibular surfaces of teeth 46, 36, 44, 
and 34. Ensuring the accuracy of measurements re-
quired precise positioning of digital markers. It was 
essential to follow a specific sequence when placing 
markers and measuring between points, as this stage 
carried the potential for error. The protocol we ap-
plied was tailored to the limitations of the software, 
which allowed us to perform up to three linear mea-
surements simultaneously. The same software and 
protocol were used for measurements on 3D models 
generated through CBCT.

The limitations of measurements conducted in 
this manner were directly related to the limitations 
of the software used. One of the main challenges we 
encountered was the precise placement of more than 
one digital marker on the same point on the digital 
model’s surface. This could potentially influence the 
measurements conducted. 

Under these conditions, the models generat-
ed and the measurements conducted with IOS were 
satisfactory compared to the control measurements 
taken using a digital caliper directly in the mouths 
of the participants in this study. Similar conclusions 
were drawn in Devan Naidu’s study, despite differ-
ences in the study design (6). According to Andreas 
Ender and colleagues (57), digital systems do not sig-
nificantly differ in terms of accuracy when capturing 
the entire dental arch. However, high-precision con-
ventional impression materials provide higher accu-
racy than digital methods, which corresponds to the 
results of our studies. Several studies (29,49,55) have 
found that intraoral scanning systems show similar 
accuracy to that of models obtained from polyvinyl 
siloxane and polyether impression materials for sin-
gle teeth, and in some cases, even higher accuracy 
(58). Due to the limitations of our study, we cannot 
confirm or deny the claims made in these studies.

Ala Omar Ali conducted a study (59) compar-
ing the accuracy of digital impressions obtained with 
different digital impression systems. They found that, 
for a situation involving a three-unit fixed prosthe-
sis, some of the examined systems performed sim-
ilarly to scans using conventional impression mate-
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rials. However, other systems yielded less precise re-
sults than conventional methods. Andres Ender et al. 
conducted a clinical study and found that scanning 
a quadrant had a level of accuracy comparable to a 
model obtained from a conventional polyvinyl silox-
ane impression with a sectional tray (60). Conven-
tional impression methods with a rigid full-arch tray 
demonstrated the highest accuracy compared to all 
tested digital systems. There are differences in preci-
sion among various digital systems, but all fall with-
in the range where clinically satisfactory restorations 
can be created. In our study, we tested only one in-
traoral scanning system, but based on the results, 
we can confirm what Andres Ender established. A. 
Ender and A. Mehl compared conventional and dig-
ital impression methods for the entire dental arch. 
They reported similarity in accuracy and precision 
between polyether impressions and two IOSs (25). In 
another study (24), they concluded that the accura-
cy and precision of digital impressions for the entire 
arch were less precise than those of conventional im-
pressions with polyvinyl siloxane, which aligns with 
the results of our study. Although the results of scan-
ning with an IOS appear clinically satisfactory, we 
found higher accuracy in reconstructions from con-
ventional impression materials.

Impression-taking is a routine procedure for 
dental practitioners, with elastomeric materials be-
ing among the most commonly used. One of the pri-
mary qualities of impression materials is their volu-
metric stability and accuracy, which depend on the 
degree of completion of the chemical reaction be-
tween the primary components and the type of po-
lymerization reaction. Linear contraction in differ-
ent types of elastomers primarily differs due to the 
formation of low-molecular-weight secondary prod-
ucts. According to literature data, the contraction 
for 24 hours in various types of elastomers is 0.10% 
for polyethers and is lowest for addition silicones at 
0.05% (61). Volumetric stability of impression mate-
rials over time can be influenced by several factors: 
the completeness of the chemical reaction, the for-
mation and evaporation of low-molecular-weight 
secondary products (such as water, alcohol, and hy-
drogen), water imbibition (when the material is not 
hydrophobic), stress relaxation due to specific form 
and processing conditions, and temperature varia-
tions between body temperature and room tempera-

ture, as well as the impression technique, type of im-
pression tray used, and related factors (62).

For the purposes of the study, two impressions 
were taken from each participant using two differ-
ent elastomeric impression materials: A-silicone 
(Elite HD+) and polyether (Impregum Monophase). 
In the case of A-silicone impressions, a one-step du-
al-mix technique was used, while for polyether im-
pressions, a monophase technique was employed. 
This approach was chosen to optimize the conven-
tional impression-taking process and reduce the po-
tential accumulation of secondary deformations that 
may occur when using two-step methods, as men-
tioned in some scientific sources (61). Despite argu-
ments presented by some authors (63) for higher ac-
curacy of two-step methods, other studies (64,65) 
do not confirm significant differences between one-
step and two-step techniques. Based on the results of 
our study, we believe that the one-step technique for 
taking impressions with A-silicone and monophase 
technique with polyether leads to the casting of ac-
curate gypsum reconstructions of lower dental arch.

For A-silicone impressions, we used metal per-
forated trays to reduce the potential risk of deforma-
tion during impression-taking. This choice was made 
due to the high density of the paste, which could 
compress the surrounding tissues during impres-
sion-taking, as reported in the literature (61,66,67). 
In the case of polyether impressions, we opted for 
standard metal trays of the Rim-Lock type, as Imp-
regum Monophase is characterized by lower viscos-
ity and, consequently, a reduced risk of tissue com-
pression. Before taking the impressions, the tray sur-
faces were treated with an adhesive, which was al-
lowed to dry for a minimum of 10 minutes. Accord-
ing to T. J. Bomberg, this adhesive application pro-
cess on the tray is a critical phase in the impression-
taking procedure, contributing to more precise and 
consistent results (68).

The impression-taking procedure using both of 
the materials (A-silicone and polyether) under con-
sideration required approximately 5 minutes for each 
material, which proved to be more time-consuming 
compared to the time needed for intraoral scanning. 

When using analog impressions, there is a risk 
of deformation after processing with disinfectants 
(39,69). This is a mandatory step after removing the 
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impression tray from the patient’s mouth and rinsing 
it with running water to reduce the risk of spread-
ing infection to the dental laboratory (70). Addition-
ally, if optimal conditions are not maintained during 
transportation, analog impressions can be subject to 
deformations (61).

In comparison, IOSs are characterized by the 
absence of a risk of cross-contamination, as the 
transfer of information occurs digitally. Advantag-
es also include easier communication with the lab-
oratory, as the models can be reviewed immediate-
ly, whereas with conventional impressions, errors are 
often identified after the gypsum model has already 
been cast. The process of casting gypsum models is 
an additional step in conventional methods that can 
lead to the generation of hidden deformations.

A benefit of digital models is that they do not 
change during our work with them and do not re-
quire additional physical space, whereas gypsum 
models can break or get damaged during measure-
ments on them, as well as during transportation, and 
they require storage space.

CONCLUSION
In summary, conventional methods and ma-

terials still outperform IOSs in terms of the accura-
cy of obtained reconstructions. 3D models generated 
from CBCT scans are generally the least satisfactory 
among the tested modalities, with deviations typical-
ly within clinically acceptable values (under 1 mm). 
While impression materials and IOSs do not pose a 
direct health risk to patients and demonstrate great-
er accuracy in terms of obtained models, CBCT in-
volves X-ray exposure and requires additional pro-
cessing of the generated files before they can be used 
for analysis.

Regarding accuracy, we can summarize the re-
sults as follows:

 � most accurate method: Elite HD+;
 � second most accurate method: Impregum;
 � less accurate method: 3Shape Trios;
 � least accurate method: 3D model generated 
from CBCT study.
Given the limitations of this study, we believe 

that additional research is needed to gather more 
data on the subject. Conventional methods and mod-
ern technologies do not exclude each other but com-

plement each other, and we should strive to choose 
the best approach based on a given clinical situation.
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