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A b s t r ac t
Aim and objective: This research aims to evaluate the comfort during digital intraoral scanning, to summarize patients’ opinions for the procedure
of creation of digital models, and to investigate if this new procedure influences their motivation for orthodontic treatment.
Materials and methods: In this investigation, 159 patients from different age groups are included. All of them had digital casts, taken by
intraoral scanning and classic models, made by using machine mixed alginate material. The assessments were given by the patients by filling
in a questionnaire with a number measurement of the processes on a scale from 1 to 10 or positive answer “Yes” or a negative answer “No”.
Results: According to 81.14% of patients, the more informative method is digital and 18.86% still perceive that the classic gypsum models as a
reliable carrier of data. Patients feel greater discomfort while working with an alginate impression, rated on a scale of 3.30, while the discomfort
when intraoral scanning was made is rated 2.92. If the patients have the chance to choose only one of these procedures, they will prefer intraoral
scanning in 73.58% of the cases. For 94.33% of the interviewed patients, the intraoral scanning was of great interest and only a few patient
percepts it as clinical manipulation.
Conclusion: The patients are cooperative to the establishment of digital technology in modern orthodontics and they are ready to assist in this
process. The advantage of 3D files and virtual presentations are more demonstrative for the patients. The STL files give opportunities for greater
accuracy, the possibility for analysis, long-term storage, and transfers in contemporary orthodontic practice.
Clinical significance: All clinical manipulations and the final result of orthodontic treatment depend on the patient’s cooperation and the
patient’s direct participation in the process. Therefore, it is really important, during the first visits in orthodontic practice, that the patient feels
calm and in comfort. The use of innovative technologies in orthodontics is perceived by young patients as routine technologies because their
daily routine is more digitalized. In older patients, who are used to pass routine dental manipulations, the new technologies are associated with
more expensive and more incomprehensible treatment, which disturbs them. It is important to know their willingness toward the digitalization
of the orthodontic tests and manipulations and to receive feedback.
Keywords: 3D orthodontic caste, Alginate impressions, Intraoral scanning, Patient comfort.
World Journal of Dentistry (2021): 10.5005/jp-journals-10015-1824

I n t r o d u c t i o n
Contemporary dentistry uses intraoral scanners in many areas.
The accuracy of virtual models is most often used in restorative
dental medicine. During the last decay, they were introduced in
orthodontic practices for diagnosis and planning, fabrication of
appliances, and assessment of results.1,2 Intraoral scanning provides
the opportunity to work in the mouth during different phases of
orthodontic treatment, minimizing the time to achieve orthodontic
models.3
The orthodontic practices generate perhaps the largest number
of casts, which are biometric identifications of the patient and the
course of his treatment. The casts are made in the diagnostic stage,
the models are taken during the treatment, for proper control of the
treatment course, and they are obligatory at the end of treatment.
Many clinics take impressions in the retention phase, as evidence
or scientific material.
The diagnostic casts are stored in STL files, which are accessible
for use in different places; they are easy to store and process.
Therefore, the technologies that accompany our daily lives are
aimed at reducing the development of physical casts by imposing
digital models in everyday orthodontic practice. This explains the
existence of many developments in intraoral scanning devices.4
Intraoral scanning in orthodontics is different from that in
prosthetics and restorative dentistry because the entire upper and
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lower dental arch and occlusal relations between the two jaws are
scanned.5,6
The orthodontic patients are of all ages, from children in
early mixed dentition to adult patients. While imaging the distal
segments of the dental arches, the intraoral head of the scanner
requires access to the field, which means stretching of the buccal
soft tissues. Sometimes the space between the tooth surface and
intraoral scanner must be much bigger than soft tissue allows,
especially in children. Some scanners do not show a good image
while shooting from a greater distance between the scanner head
and teeth. Problems have been reported if shooting is from a greater
angle to the surfaces that are scanning. In these cases, the imaging
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process is lost and areas are repeated, which increases the imaging
process in the individual jaw.
Both the prolonged time for scanning and the soft tissue
stretching create discomfort for the patients.
Alginates are prone to distortion, because of expansion due
to imbibition of moisture or shrinkage due to waste of moisture.
In addition, at 100% dampness, the alginate impressions will
shrink, because of polymerization and synergies.7–11 Consequently,
alginate impressions are not stable and over time the accuracy of
sizes decreases. Thereby, the best results are achieved, when the
alginate impressions are cast between 10 minutes and 1 hour, which
require laboratory into the dental center. Therefore, conventional
alginate impressions are unstable in outlying laboratories and
would lead to inaccuracies in reported diagnostic results, so this
disadvantage gives an advantage to the entry of intraoral scanning
in daily practice. The public attitude toward the penetration of
digital technologies in every sphere of our lives facilitates the
perception of intraoral scanning by patients. A patient’s evaluation
of this type of cast is important for an orthodontist in structuring
his or her clinical practice.12,13
Developing our orthodontic practice, we need to involve new
procedures, which are favorable for the patients and make dentistry
work easier.
Therefore, we aim to make an investigation, among a randomly
selected group of orthodontic patients, for the comfort during
digital intraoral scanning and we summarize their opinion for the
procedure of creation of digital models and their motivation for
orthodontic treatment.

M at e r ia l s

and

M e t h o d s

The survey included 159 patients from 8 to 43 years. The average
age was 14.30 years. The females included in the study were 102
and the males were 57. The study included patients, treated in our
clinic for a period of 12 months. All of the patients, included in this
study, filled in the informed consent during their first visit. Digital
virtual models and plaster casts, made with machine-mixed alginate
material, were taken from all patients (Fig. 1).
The alginate, used in this research was Hydrogum 5 by
Zhermack, extra fast setting, 5 days’ dimensional stability, with
mangosteen scent. It was mixed with a Zhermack Hurrimix machine,
for 8 seconds in a special program for Alginate Hydrogum 5.

Fig. 1: Intraoral scanning and alginate mixing technique
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To every spoon of powder (7 g), we added 15 mL of water (1 level
with measuring cup). The alginate has a hardening period of 45 to
60 seconds.
Digital models were made by scanning the upper jaw, lower jaw,
left and right occlusion. We used Powder-Free Intraoral Scanner—
Emerald by Planmeca. The program name is Romexis, created by
Planmeca and assembles a three-dimensional image of the entire
occlusion, where all occlusal contacts and relationships can be
assessed. The average time for scanning a patient is between 4 and
6 minutes. During scanning, the images from the patient’s mouth
are observed by the orthodontist on the computer screen and by
the patient on a separate screen.
First, all the patients filled informed consent regarding all
forthcoming orthodontic diagnostic manipulations, discussed and
agreed by them, read the treatment plan, and filled the agreement
for using their personal data in scientific reviews.
After clinical examination, we made intraoral scanning (Fig. 2).
Afterward, the alginate impressions were taken (Fig. 3).
The evaluation of the two processes was done by them on their
next visit. The patients were not warned that they will evaluate
the processes. The patients were evaluated on a questionnaire
with seven questions, made by us. The survey is not anonymous
and requires a description of the gender and age of the patient
who completed it. Their answers to questions from one to five
required a number measurement on a scale from 1 to 10. The last
two questions required only a positive answer “Yes”, or a negative
answer “No”.
The survey data were processed with statistical system SPSS
15.00 for Windows statistical software.
Ethical approval from KENIMUS—Ethical commission of Medical
University of Sofia—No. 801/04.02.2021 was obtained. The study
protocol and design were approved by the KENIMUS.

R e s u lts
The patients’ assessments for both methods are with low grades,
although they were significantly different from each other. The
average values of the scores obtained from the patient survey are
presented in Table 1.
Discomfort during taking impressions with perfect (machine
mixed) consistency of the alginate mixture was assessed by patients
with an average value of 3.30 on a 10-scale system.

Fig. 2: Intraoral scanning
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Fig. 3: Alginate impression
Table 1: Results of the survey
No
1
2
3

4

5

6

7

Indicator
Discomfort during
manipulation
Calls for nausea and
vomiting
Which method according to the patients is
more informative (the
assessment is based on
the presentation of the
analysis)
Which of the two
procedures is with long
duration?
Which procedure is
more acceptable for you
and which would you
choose if only one of
the two procedures had
to be done?
Was it interesting to
watch your teeth during
the scanning procedure?
During the scanning
were caries found
that you did not know
about?

Impression with
alginate
Digital scanning
3.30
2.92
2.71

1.48

18.86% (30
patients)

81.14% (129
patients)

69.81% (111
patients)

30.19% (48
patients)

26.42% (42
patients)

73.58% (117
patients)

94.33%—Yes
5.67%—No
7.54%—Yes (12
patients)

The assessment on this indicator for digital scanning is
an average value of 2.92. Patients perceive the discomfort as
stretching the lips and cheeks, reducing the volume of the oral
cavity by introducing dental trays full of alginate relative to the tip
of the digital technique, reducing the ability to breathe normally,
accompanying the process of feeling anxious about the unknown
and others.
None of the patients had a complaint of pain in the TMJ. Two
patients complained that they could not “breathe” while taking an
alginate impression and these were the youngest patients. We have

not received any complaints of periodontal or tooth pain while
taking alginate impressions. Therefore, the level of assessment of
discomfort while taking impressions with an alginate mixture is
not much higher than digital scanning. Both scores are low on the
10-point scale, which indicates good tolerability of both methods.
Scanning is more favorable for patients with an increased
swallowing reflex. For indicator “nausea”, a higher score of 2.71 falls
on the alginate impressions, while the scanning has a lower score of
1.48. It is a surprise for us that both estimates are in the low values
of the used scale. While working with a machine-mixed alginate
mass, no undispersed dust remains from the material, which is
generally the cause of the urge to vomit. The tip of the digital device
is made with the maximum reduced size and shape. The head has
oval edges and does not irritate the delicate mucous membranes
of the alveolar ridges, lips, and cheeks. In our normal daily work,
it is very rare for patients to complain of an increased swallowing
reflex or an urge to vomit. Rare cases have always been associated
with taking an alginate impression.
To all patients in the study group, the orthodontic analysis was
presented, using both gypsum models and three-dimensional
computer images of digital models as evidence. The advantages of
the scanning technique are that immediately after the completion
of the process you can work on the digital model. Based on
these presentations, 81.14% of patients determine that the more
informative method is that of digital models against 18.86% of
patients, who believe that classic plaster models have a sufficient
degree of informativeness. Patients feel a lack of physical touch
and sensation as sensory in digital models, the perception is only
visual. Quite often patients in the past wanted to have their “plaster
cast”, and now this is possible for each of them by sending him an
STL file of his digital model. The file can also be used by another
specialist, who would be involved in interdisciplinary treatment
of the patient, such as for planning esthetic bonding, stripping,
prosthetic restoration, or other procedure.
The duration of the two procedures was assessed by the
patients on their second visit. A larger group of patients (69.81%)
considered that the alginate impression time was longer than
the two-jaw and occlusion scanning. This disorientation during
the procedures is due to the greater discomfort with the alginate
impression, which makes the procedure time perceived as longer.
The farther the time from the two procedures, the fewer patients
appreciate their duration, but rather the feeling they felt during
the procedures.
The patients were asked about their choice of procedure (if they
had to be impressed by only one method, which one would they
choose) 73.58% of them prefer digital scanning and only 26.42% still
trust the classic method of physical impression. The results can be
distributed because patients from the “orthodontic adults” group
have habits from the past with physical impressions, while younger
patients perceive scanning as another game of “play station”.
The perception of online images from one’s own mouth, by
observing the process on a TV screen, provoked different emotions
in the patients: from surprise, satisfaction, and delight. Therefore,
we are not surprised by the result of the question—“Is it interesting
to watch your teeth during the scan?”, to which 94.33% answered
“Yes”. Most of the patients put in this answer the interest they had
in the technology of transforming the real physical image (their own
oral cavity) into a television image. While the interest of others is
the position of their own teeth and occlusion, which they see most
adequately and immediately in this way. Most patients have no
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The patients saw intraoral scanning and alginate impression
as two different methods needed for diagnosis. None of the
patients had a complaint of pain in the TMJ during both methods.
Two patients complained that they could not “breathe” while
taking an alginate impression and these were the youngest
patients. We have not received any complaints of periodontal
or tooth pain while taking alginate impressions. Therefore, the
level of assessment of discomfort while taking impressions with
an alginate mixture is not much higher than digital scanning.
Both scores are low on the 10-point scale, which indicates good
tolerability of both methods.
While asking whether the patients have been had calls for
nausea and vomiting (Fig. 4) they answered similarly as regards the
alginate impressions (2.71) and oral scanning (1.48). It is a surprise
for us that both estimates are in the low values of the used scale.
While working with a machine-mixed alginate mass, no undispersed
dust remains from the material, which is generally the cause of
the urge to vomit. The tip of the digital device is made with the
maximum reduced size and shape. The head has oval edges and
does not irritate the delicate mucous membranes of the alveolar
ridges, lips, and cheeks. In our normal daily work, it is very rare for
patients to complain of an increased swallowing reflex or an urge
to vomit. Rare cases have always been associated with taking an
alginate impression.
Patients feel a lack of physical touch and sensation as sensory
in digital models, the perception is only visual. Quite often patients
in the past wanted to have their “plaster cast”, and now this is
possible for each of them by sending him an STL file of his digital
model. The file can also be used by another specialist, who would
be involved in interdisciplinary treatment of the patient, such as
for planning esthetic bonding, stripping, prosthetic restoration,
or other procedures.

Patients were asked about their choice of procedure (if they had
to be impressed by only one method, which one would they choose)
73.58% of them prefer digital scanning and only 26.42% still trust
the classic method of physical impression (Fig. 5). The results can be
distributed because patients from the “orthodontic adults” group
have habits from the past with physical impressions, while younger
patients perceive scanning as another game of “play station”.
The scanning process becomes a kind of clinical examination
with the participation of the patient for the overall therapeutic and
periodontal condition of his oral cavity. This motivates the patient
to rehabilitate the dentition before orthodontic treatment and to
improve oral hygiene.
In their research, Burhardt et al. establish that an intraoral
scanner is preferred by 51% of the patients and alginate impressions
from 29% of the participants.1 Not a small percentage form patients
included in the survey (20%) have not given their opinion on the
question. In our study, there are no patients, which have not given
their opinion, and the percentage of people who preferred digital
scanning is significantly higher—73.58%. This more significant
percentage is probably due to the new generation intraoral scanner,
which we used in the study—it does not require the use of talc,
which irritates and worries patients.
Sfondrini et al. find that patients feel more comfortable during
digital scanning and almost none of them have gag reflex during
this procedure.14 This coincides with our results. In contrast to our
research in the cited study, the patients say that digital scanning
is with long duration than alginate impressions taking. One of the
reasons for this difference is that our software and a digital scanner
are a new generation, and the time for procedures is reduced by
the manufacturer. Another reason is that our patients filled the
questionnaire a month after the manipulation, their memory about
the procedure is positive and that leaves them with the impression
that the digital scanning procedure is shorter than it actually is. Our
data are based on questionnaires of 159 patients, while in cited
research the research group involves 14 participants.
In their article, Schott et al. presented interesting results.15 The
research participants are 31 students. First, they are in the role of
patients, and according to their opinion, conventional impressions
decrease the comfort of the patient significantly more than digital
scanning. They thought that with alginate impressions it is more
likely to lead to difficulties during breathing. The same students
in the role of “doctors” assessed that the alginate impressions,
which they themselves were made, were with some defects such

Fig. 4: Questionnaire results

Fig. 5: Questionnaire results

real idea of the position of their teeth in the dental arch and their
occlusion, especially in the distal segments, and this visualization
changes their initial perception of the severity of future treatment.
We have witnessed reactions about the color, shape, or even
hygiene of their teeth.
The 12 of the patients (7.54%) were diagnosed with caries
lesions (mainly of the teeth in the distal segments), for which the
patients had no complaints or sensations.

D i s c u s s i o n
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as too much pressure in separate points, bubbles in the material,
or prematurely hardening of impressing material. Our clinical
experience shows also that there is a bigger probability to make a
mistake in printing while using the alginate method.
It is reported from Glisic’s review that the patients were
statistically better during intraoral scan compared with alginate
impression regarding comfort, gag reflex, breathing, smell/sound,
taste/vibration, and all statements concerning anxiety.16 In the
present research, the anxiety and stress levels are significantly
more expressed during alginate impressions, than during intraoral
scanning. The smell, texture, and taste of alginate material are
something new, strange, and confusing for kids and adolescents.
Most of the patients have the interest they had in the
technology of transforming the real physical image (their own oral
cavity) into a television image. While the interest of others is the
position of their own teeth and occlusion, which they see most
adequately and immediately in this way. Most patients have no
real idea of the position of their teeth in the dental arch and their
occlusion, especially in the distal segments, and this visualization
changes their initial perception of the severity of future treatment.
We have witnessed reactions about the color, shape, or even
hygiene of their teeth.

C o n c lu s i o n
The Bulgarian patient is open to the introduction of digital
technologies in modern orthodontics and is ready to assist in this.
Digital models allow more accurate and detailed diagnosis and
planning, as well as control of treatment at each stage. Storing
files do not require much physical space and are not limited in
time. The use of files can be done from different parts of the world
and this gives new opportunities to discuss plans and discussions.
Digital models can be used repeatedly without causing any physical
damage to their integrity. Working with intraoral scanning requires
less and less time with the new updated software and devices.

C l i n i c a l S i g n i f i c a n c e
The orthodontic treatment in the initial phase is connected with
increased tooth sensibility and even soreness/tenderness. If the
diagnostic phase, in which the impression taking is obligatory, is
connected with discomfort the trust in the doctor and the entire
treatment is significantly decreased.
Therefore, it is important for clinician, who is involving a new
procedure in daily practice, first to explore the patients’ perception
and assessment of it.
The thought connection between alginate impressions and a
lot of other unpleasant dental manipulations makes the patients
anxious and sensitive, especially on the first visit. The feeling of
control during intraoral scanning, which patients naturally feel,
because they watch the procedure on a TV screen and know what
exactly the doctor is doing, makes them calmer. The procedure may
be interrupted and alternates with breaks for rest, which creates in
patients a feeling of calmness. This is not possible during alginate
impressions taking.
During intraoral scanning, the trust in orthodontists increases
and affects the cooperation and success of the entire treatment.

Our observations are that modern society is open to the
penetration of technology in dental medicine. Patients trust digital
data.

References
1. Burhardt L, Livas C, Kerdijk W, et al. Treatment comfort, time
perception, and preference for conventional and digital impression
techniques: A comparative study in young patients. Am J
Orthod Dentofacial Orthop 2016;150(2):261–267. DOI: 10.1016/j.
ajodo.2015.12.027.
2. Zimmermann M, Koller C, Rumetsch M, et al. Precision of guided
scanning procedures for full-arch digital impressions in vivo. J Orofac
Orthop 2017;78(6):466–471. DOI: 10.1007/s00056-017-0103-3.
3. Lecocq G. Digital impression-taking: Fundamentals and benefits
in orthodontics. IntOrthod 2016;14(2):184–194. DOI: 10.1016/j.
ortho.2016.03.003.
4. M a r t i n C , Ch a l m e r s E , M cI nt y r e G , e t a l . O r t h o d o nt i c
scanners: what ’s available? J Or thodont 2014(2):1–9. DOI:
10.1179/1465313315Y.0000000001.
5. Christensen LR. Digital workflows in orthodontics. J Clin Orthod
2018;52(1):34–44.
6. Goracci C, Franchi L, Vichi A, et al. Accuracy, reliability, and efficiency
of intraoral scanners for full-arch impressions: a systematic review of
the clinical evidence. Eur J Orthod 2016;38(4):422–428. DOI: 10.1093/
ejo/cjv077.
7. Cesur MG, Omurlu IK, Ozer T. Evaluation of digital model accuracy
and time-dependent deformation of alginate impressions. Niger J
Clin Pract 2017;20(9):1175–1181. DOI: 10.4103/1119-3077.197012.
8. Wadhwa S, Mehta R, Duggal N, et al. The effect of pouring time on
the dimensional accuracy of casts made from different irreversible
hydrocolloid impression materials. Contemp Clin Dent 2013;4(3):313–
318. DOI: 10.4103/0976-237X.118368.
9. Alcan T, Ceylanoğlu C, Baysal B. The relationship between digital
model accuracy and time-dependent deformation of alginate
impressions. Angle Orthod 2009;79(1):30–36. DOI: 10.2319/100307475.1.
10. Walker MP, Burckhard J, Mitts DA, et al. Dimensional change over time
of extended-storage alginate impression materials. Angle Orthod
2010;80(6):1110–1115. DOI: 10.2319/031510-150.1.
11. Torassian G, Kau CH, English JD, et al. Digital models vs plaster
models using alginate and alginate substitute materials. Ang Orthod
2010;80(4):474–481. DOI: 10.2319/072409-413.1.
12. Yuzbasioglu E, Kurt H, Turunc R, et al. Comparison of digital and
conventional impression techniques: evaluation of patients’
perception, treatment comfort, effectiveness and clinical outcomes.
BMC Oral Health 2014;14(1):10. DOI: 10.1186/1472-6831-14-10.
13. Grünheid T, McCarthy S, Larson B. Clinical use of a direct chair side oral
scanner: an assessment of accuracy, time, and patient acceptance.
Am J Orthod Dentofacial Orthop 2014;146(5):673–682. DOI: 10.1016/j.
ajodo.2014.07.023.
14. Sfondrini MF, Gandini P, Malfatto M, et al. Computerized casts for
orthodontic purpose using powder-free intraoral scanners: accuracy,
execution time and patient feedback. Biomed Res Int 2018(4):1–8.
DOI: 10.1155/2018/4103232.
15. Schott T, Arsalan R, Weimer K. Students’ perspectives on the use
of digital versus conventional dental impression techniques in
orthodontics. BMC Med Educ 2019;19(1):81. DOI: 10.1186/s12909-0191512-3.
16. Glisic O, Hoejbjerre L, Sonnesen L. A comparison of patient experience,
chair-side time, accuracy of dental arch measurements and costs of
acquisition of dental models. Angle Orthod 2019;89(6):868–875. DOI:
10.2319/020619-84.1.

World Journal of Dentistry, Volume 12 Issue 3 (May–June 2021)

177

