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ABSTRACT
Statement of problem. Conventional impression-making methods are being replaced by intraoral
digital scanning. How long dental professionals take to master the new technologies is unknown.

Purpose. The purpose of this human subject study was to compare the experience curves of 2
intraoral scanners among dental hygienists and determine whether repeated scanning experience
could change the scan time (ST).

Material and methods. A total of 29 dental hygienists with more than 3 years of working expe-
rience were recruited (group 1: 3-5 years; group 2: >6 years of clinical experience) to learn the iTero
and Trios systems. All learners scanned the oral cavities of 4 human participants (participants A, B, C,
and D) 10 times (T1-T10) throughout the learning sessions and the experimental dentoform model
twice at the beginning and end of the 10 sessions. ST was measured, and changes in ST were
compared between the 2 devices.

Results. The average ST for 10 sessions was greater with iTero than with Trios, but the decrease in
the measured ST was greater for iTero than for Trios. Baseline and postexperience STs with iTero
showed statistically significant differences, with a decrease in time related to the clinical experience
levels of the dental hygienists (group 1: T2 and T4, P<.01; group 2: T2 and T5, P<.01). The experience
curve with iTero was not influenced by the human participant’s intraoral characteristics, and greater
ST was shown for participants B and C than for participants A and D with Trios.

Conclusions. Although the learning rate of iTero was rapid, the average ST for iTero was longer
than Trios, and clinical experience levels influenced the operator’s ability to manipulate the device.
In contrast, the learning rate of Trios was slow, and measured ST was shorter than iTero, and was
not influenced by clinical experience. (J Prosthet Dent 2016;116:221-230)
Three-dimensional (3D) digital
intraoral scanning is gaining
popularity in various fields of
dentistry, including prostho-
dontics, orthodontics, im-
plant dentistry, and oral and
maxillofacial surgery.1-7 Con-
ventional impression-making
methods in restorative den-
tistry for generating casts
involve the use of elastomeric
materials and various labora-
tory procedures.8 However,
with the advent of 3D digital
scanners, conventional tech-
niques are being replaced by
digital technologies.9,10

The use of 3D intraoral
scanners for recording im-
pressions offers advantages
such as less potential for a gag
reflex, no potential deforma-
tion of the impression, limited

risk of spreading infections, and decreased working
time.11-13 Thus, 3D scanners can increase working effi-
ciency and convenience and resolve many limitations
of conventional impression making.9 However, clinicians
Basic Science Research Program through the National Research Founda
ions Technologies and Future Planning grant 2013R1A1A1076022.
dent, Graduate School of Clinical Dentistry, Ewha Womans University, Se
ciate Professor, Department of Prosthodontics and Dental Research Instit
ofessor, Graduate School of Clinical Dentistry, Ewha Womans University, S
epartment of Prosthodontics and Dental Research Institute, Seoul Nationa
epartment of Medical Statistics, Catholic University of Daegu, School of M
aduate School of Clinical Dentistry, Ewha Womans University, Seoul, Kore

L OF PROSTHETIC DENTISTRY
are required to invest time in learning to effectively use
these devices.14,15 The learning, defined as behavioral
changes caused by experimenting through repetition
and trial and error, is required to achieve satisfactory
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Figure 1. Dentoform model attached to mannequin head for model
scanning.

Clinical Implications
Evaluation of experience curves and progressive
learning rates for competent use of intraoral
scanners are important factors to consider before
changing from conventional to digital impressions
in clinical practice.

222 Volume 116 Issue 2
results.16,17 The phenomenon of increased efficiency
achieved when the working time is shortened as a result
of increased proficiency or competence obtained through
repetitive actions is called the learning effect.17 When
the time course of this experience is plotted, it yields
the learning curve, or experience curve, indicating the
proficiency of using newly introduced equipment.18

In the field of medicine, several studies have investi-
gated the learning curve for users when new techniques,
such as the da Vinci surgical system (Intuitive Surgical,
Inc), are introduced.19-22 Prasad et al23 determined the
learning curve for repeated laparoscopic surgeries by
using computer-assisted and robotic surgical systems.
However, most studies in the field of dentistry focus only
on comparing the accuracy of digital and conventional
Figure 2. Images of four human participants using Trios intraoral scanner.
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impression making, and studies evaluating the experi-
ence curves for newly introduced equipment are lack-
ing.24,25 Recent studies have attempted to compare the
Kim et al



Figure 3. Clinical practice setting for intraoral scanner experience. A, iTero scanner group. B, Trios scanner group.
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preferences for and working times of conventional and
digital impression methods, but no study has confirmed
the extent of improvement in proficiency through
repeated intraoral scanning.26,27

This study compared experience curves for two 3D
digital intraoral scanners, iTero (Align Technology, Inc)
and Trios (3Shape A/S), by evaluating the initial scan
time (ST) and decrease in the average ST after repeated
scanning for a total of 10 times by dental hygienists with
more than 3 years of clinical experience.
MATERIAL AND METHODS

The study was approved by the Institutional Review
Board of Ewha Womans University Mokdong Hospital
(ECT 14-02A-27). The number of learners was selected
by analyzing a pilot test with software (G Power v3.1.3;
University of Düsseldorf).28 Dental hygienists with no
experience using 3D digital intraoral scanners and who
were currently working in clinical practice were recruited.
To investigate the differences in ST according to the years
of clinical experience, that is, direct exposure to dental
practice, the learners were divided into 2 groups, one
group with 3 to 5 years of clinical experience and the
other group with 6 or more years of clinical experience.
Kim et al
A total of 32 dental hygienists applied for this study.
Three of them did not attend the appointment after 1 or 2
visits and were counted as dropouts as they could not
complete the learning process. A total of 29 hygienists
were thus eventually included.

An experimental model was created by attaching
a dentoform model (D85DP-CHO.1; Nissan Dental
Products, Inc) to a mannequin head (model D15DP-
TRM125;Nissan Dental Products Inc), which was placed
on the unit chair in the supine position (Fig. 1). The
rationale for this experimental model was to assess
and compare the proficiency of scanners without the
potential patient factors such as saliva, cheek movement,
and limited mouth opening.

Four human participants were assigned to the
learners for scanning. The learner scanned the oral cavity
of the same participant 10 times (Fig. 2). Participant A
had 28 teeth and 1 restoration, with a mouth opening of
45 mm; participant B had 28 teeth and 0 restoration, with
a mouth opening of 42 mm; participant C had 24 teeth,
0 restoration, and a lingual fixed retainer in the
mandibular anterior region, with a mouth opening of
41 mm; and participant D had 28 teeth and 9 restora-
tions, with a mouth opening of 45 mm. All participants
were scanned on the unit chair in the supine position.
THE JOURNAL OF PROSTHETIC DENTISTRY
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Figure 4. Intraoral scan time with iTero. *Horizontal line indicates standard time for conventional impression-making procedures (1482 seconds).
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Two 3D digital intraoral scanners, iTero (Align Tech-
nology Inc) and Trios (3Shape A/S), were used according
to the manufacturer’s instructions. The scanners were
assigned to each learner (Fig. 3).

The learners first observed a scanning procedure of
a quarter of the arch in an experimental model and
went through instructional slides for the assigned scan-
ner. Then, to compare their proficiency before and after
scanning, the intraoral cavity of the mannequin was
scanned before the first and after the tenth actual scan.
The experience curve was plotted using the overall ST
values for the 10 scanning sessions (time T1-T10).

Learner fatigue was expected to influence ST29;
therefore, learner visits were spread out over 4 days, and
the maximum number of scans per day was limited to 3.
On the first day, after the learner observed the dentoform
model scanning and went through the instruction slides,
the dentoform model was scanned once, and the oral
cavity of the assigned participant was scanned twice
using the assigned scanner. On the second and third
days, the oral cavity of the same participant was scanned
3 times. On the fourth day, the oral cavity of the same
participant was scanned twice, and the dentoform model
was scanned once.

To obtain images of a predetermined quality, the ST
was measured until the scanned image was satisfactory
THE JOURNAL OF PROSTHETIC DENTISTRY
with reference to the standard quality. When the
scanned image was not satisfactory, scanning was
repeated until it met the standard requirements. When
editing was not possible, the defective or substandard
portion was deleted and scanned again. The time
required for the additional scanning procedures imple-
mented because of errors was included in the ST. The
measured time in seconds was reflected in the experience
curve. The standard requirements were as follows: an
accurate occlusal scan of the entire dentition, scanning of
2 to 3 mm of gingiva apical to the gingival margin, and
the presence of fewer than five 4×3-mm gaps per arch.
Scanned images that did not meet the standard re-
quirements were those with overlapped teeth, different
actual crown lengths, overturned images of the maxilla
and mandible, erroneous scans due to wrong occlusal
arrangement that could not be rectified, and scanned
images that required more than the assigned number of
scans (for iTero: occlusal and buccal sides, within 22
scans; lingual side, within 22 scans; buccal bite, within 10
scans; for Trios: within 1000 scans for each jaw and
within a maximum of 1400 scans). The following factors
were assessed: changes in ST when the experimental
model was scanned with iTero and Trios before and after
the actual scanning; changes in ST when the actual oral
cavity was scanned with both devices; the measured STs
Kim et al
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Table 1. Comparison of scan time (s) with iTero and Trios

Scanner

Session Number, Mean (±SD) F (P)

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 Time Time Group
Time ×
Group

iTero
(n=14)

1677 (285) 1444 (251) 1673 (263) 1415 (169) 1364 (238) 1426 (290) 1310 (210) 1245 (156) 1327 (155) 1231 (143) 13.625b

(<.001)a

1,3>2,4,
5,6,7,8,
9,10d

9.444c

(<.001)a

1,2,3,4,
5,6>7,8,
9,10d

102.904c

(<.001)a

3.605c

(<.001)a

1,2,4,5,6,
7,10>3,
8,9d

Trios
(n=15)

1043 (226) 882 (184) 820 (159) 897 (272) 891 (231) 860 (262) 799 (127) 839 (213) 878 (274) 780 (255) 1.676b

(.047)
1>2,3,
4,5,6,7,
8,9,10d

aStatistically significant, P<.05. bResult by repeated measure 1-factor analysis. cResult by repeated measure 2-factor analysis. dResults of multiple comparison.
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for both devices; and effects on the ST of the clinical
experiences of the learners and intraoral characteristics of
the participants.

One-factor analysis was conducted to investigate
the decrease in ST with learning. Differences in the
average ST between the 2 scanners were analyzed
using repeated measure 2-factor analysis, which was
also used to analyze the influence of intraoral partici-
pant characteristics and the learner’s clinical experience
on the ST. Quantitative data are average values and
standard deviations, whereas qualitative data are
Kim et al
numbers and percentages. All statistical analyses were
conducted with software (SPSS v19.0; SPSS, Inc)
(a=.05).
RESULTS

With iTero, the mean ST for 10 sessions was 23 minutes
and 21 seconds (Fig. 4). The difference between ST for
the first session (T1) and that for the last session (T10)
was 7 minutes and 26 seconds. Assuming that the
time taken to record a conventional impression is
THE JOURNAL OF PROSTHETIC DENTISTRY
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Figure 6. Comparison of scan time between iTero and Trios.
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24 minutes and 42 seconds (1482 seconds), an ST less
than this time was achieved 88 times (62.9%) of a total of
140 times (Fig. 4).13,30,31 With Trios, mean ST for 10 ses-
sions was 14 minutes and 25 seconds (Fig. 5). The dif-
ference between the ST for the first session (T1) and that
for the last session (T10) was 4 minutes and 23 seconds.
An ST of less than 1482 seconds was achieved 148 of
50 times (98.7%) (Fig. 5). The ST significantly decreased
from the second (T2) and fourth (T4) sessions with iTero
(P<.01) and from the second session (T2) with Trios
(P=.047) (Table 1). Regardless of scanner type, the
measured ST significantly decreased after the seventh
session (T7) (P<.01). In addition, the mean ST values for
the 10 sessions were significantly different between the
2 scanners (P<.01), as were the changes in ST values
(interaction effect, time×group). These findings indicated
that the improvement in learning ability was influenced
by scanner type.

With iTero, an ST value higher than that in the pre-
vious session was noted in the third (T3, the first scan on
the second day), sixth (T6, the first scan on the third day),
and ninth sessions (T9, the first scan on the third day),
while that with Trios was noted in the fourth (T4, the
second scan on the second day), eighth (T8, the third
scan on the second day), and ninth sessions (T9, the first
scan on the third day) (Fig. 6).
Table 2. Comparison of scan time (s) for experimental model with iTero and

Scanner

Before and After Learning,
Mean (±SD)

Before Learning After Learning Tim

iTero (n=14) 1600 (344) 1185 (237) 12.706b

Trios (n=15) 847 (287) 657 (170) 5.071b

aStatistically significant, P<.05. bResult by repeated measure 1-factor analysis. cResult by repeated
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The mean ST in dentoform model scanning signifi-
cantly decreased after learning for iTero (P=.003)
(Table 2). Significant differences in mean ST of model
scanning before and after learning were also observed
for Trios (P=.041) (Table 2). Regardless of scanner type,
there were significant differences in ST values before
and after learning (P<.01). Differences between the 2
scanners before and after learning were also considered
(P<.01). However, there were no significant difference
in interaction effects (time×group) between scanner
type and STs between the 2 devices, indicating that
there was no influence of scanner type on the
improvement in learning ability (P=.126) (Table 2,
Fig. 7).

To investigate the differences in ST according to the
years of clinical experience, the measured ST with iTero
was compared between the 3 to 5 year and the >6 year
groups (Table 3). A significant decrease in time was
observed from the second and fourth sessions (T2 and
T4; P<.01) in the 3- to 5-year group and from the second
and fifth sessions (T2 and T5; P<.01) in the >6-year
group. Average ST values for the 2 groups are shown
in Figure 8. In the case of Trios, there were no significant
changes in ST values in the 10 sessions in either group
(P=.230, P=.291). The average ST values for the 2 groups
are shown in Table 4 and Figure 8.

The ST values measured with iTero were compared
among participants A, B, C, and D (Table 5, Fig. 9). In
participant B, the measured ST significantly decreased
from the seventh session (T7; P<.01), whereas in partic-
ipant C, the ST significantly decreased from the
second and fourth sessions (T2 and T4; P<.01). In the
case of Trios, the average ST significantly decreased
from the third and sixth sessions (T3 and T6; P=.03) in
participant D. Participants B and C had a greater ST,
while participants A and D had a lesser ST, in the same
order (Table. 6, Fig. 9).

DISCUSSION

This study compared the experience curves associated
with two 3D intraoral scanners used by dental hygienists
with more than 3 years of clinical experience making
digital impressions and determining whether repeated
scanning could change the ST. The study closely replicated
clinical conditions, and unlike other studies that used
models,13,26 scanning was conducted using human
Trios

F (P)

e Time Group
Time ×
Group

(.003)a
18.059c (<.001)a 86.364c (<.001)a 2.489c (.126)

(.041)

measure 2-factor analysis.

Kim et al
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participants, and the number of scanning sessions was
larger than those in other studies.13,26,27 The learners in
the present study were dental hygienists with no experi-
ence using 3D scanners but with more than 3 years of
overall clinical experience. Dental students have partici-
pated in other studies,26,27 but dental hygienists may
be more appropriate test participants as they are the pri-
mary users of 3D scanners in dental clinics.

The average ST for the 10 sessions decreased with
both the iTero and the Trios systems, as did the STs for
the dentoform models before and after learning. A larger
decrease in the ST indicates higher proficiency and the
fact that the learners were improving through repeated
practice. In a study by Yohannes et al,21 which evaluated
the learning curves for the da Vinci surgical system
(Intuitive Surgical Inc), the suturing time for laparoscopic
surgery decreased after repeated practice. Our study was
similar, although the procedure was intraoral scanning
and not surgical. In addition, Blavier et al20 verified
improved workmanship through repeated practice using
the da Vinci Surgical System. However, their study
Table 3. Comparison of scan time (s) according to clinical experience with iT

Experience

Session Number, Mean (±

T1 T2 T3 T4 T5 T6

3w5 y (n=6) 1727 (370) 1521 (251) 1658 (266) 1380 (205) 1349 (323) 1523 (412)

>6 y (n=8) 1639 (223) 1386 (252) 1684 (280) 1441 (145) 1376 (174) 1354 (147)

aStatistically significant, P<.05. bResult by repeated measure 1-factor analysis. cResult by repeated

Kim et al
differed from ours in that it did not measure the time
taken but the fulfillment score.

The decrease in ST was greater with iTero, indicating
that learning with iTero was more efficient than that with
Trios. Although Trios uses a rendering method that is
faster than the scanning method of iTero and is easier to
handle, iTero showed a consistent decrease in ST because
of the stable software. In other words, the scanning
speed of iTero was lower than that of Trios, but the
learning proficiency with iTero was better. However, the
scan speed of Trios was faster, although it showed lower
learning efficiency.

The difference in the mean ST values between the
oral cavity and the dentoform model was greater with
Trios than with iTero. This was because the real-time
rendering system of Trios made scanning difficult in the
actual oral cavity because of the movement of the par-
ticipant’s tongue and lips during the procedure. With
Trios, the difference was greater before learning and
smaller after learning, indicating that repeated practice
helped in overcoming the effects of the lips, cheeks,
tongue, surrounding tissues, and mouth opening.

The measured ST with iTero was significantly
different between groups divided according to clinical
experience. ST measured in the 3- to 5-year group
increased at the first session in the first, second, and third
day, and that in the >6 years group increased at the
first session in the first and second days. This result
indicated that ST tended to increase at the first session
of each day and dental hygienists with greater clinical
experience had higher learning efficiency with iTero.
Trios had a lower learning efficiency but scanned accu-
rately regardless of clinical experience. However, for
iTero, clinical experience and repeated learning were
necessary to scan accurately.

The experience curve of iTero was not influenced by
the human participant’s intraoral characteristics, whereas
that of Trios was. With Trios, participants B and C had a
higher ST, whereas participants A and D had lower ST, in
the same order, indicating that the learning rate can differ
according to the participant’s intraoral characteristics.
Participant B’s oral cavity was difficult because of a
ero

SD) F (P)

T7 T8 T9 T10 Time Time Group
Time ×
Group

1313 (248) 1244 (167) 1387 (157) 1220 (174) 8.26b

(<.001)a

1,3,6>2,
4,5,7,8,
9,10d

13.386c

(<.001)a

1,3>2,4,
5,6,7,8,
9,10d

0.551c

(.591)
0.863c

(.561)
1308 (195) 1246 (160) 1282 (147) 1239 (127) 6.685b

(<.001)a

1,3,4>2,
5,6,7,8,
9,10d

measure 2-factor analysis. dResults of multiple comparison.

THE JOURNAL OF PROSTHETIC DENTISTRY
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smaller mouth opening (42 mm) and several black tri-
angles. Although participant C had fewer teeth than the
other participants, the mouth opening was smallest
(42 mm), and the fixed retainer was on the lingual side of
the mandibular anterior teeth. As a result, scanning
participant C’s intraoral cavity was difficult and took a
long time. In contrast, participant D had a larger mouth
Table 4. Comparison of scan time (s) according to clinical experience with T

Experience

Session Number,
Mean (±SD)

T1 T2 T3 T4 T5 T6 T

3w5 y (n=10) 1048
(245)

891
(216)

828
(181)

874
(282)

907
(276)

863
(280)

75
(10

> 6 y (n=5) 1035
(207)

865
(118)

805
(122)

942
(275)

860
(118)

855
(256)

89
(12

aResult by repeated measure 1-factor analysis. bResult by repeated measure 2-factor analysis.

Table 5. Comparison of scan time (s) with iTero among four participants

Participant

Session Number,
Mean (±SD)

T1 T2 T3 T4 T5 T6

Participant A
(n=2)

1518 (434) 1019 (91) 1334 (101) 1165 (121) 1041 (85) 1372 (5)

Participant B
(n=5)

1809 (338) 1593 (145) 1726 (213) 1511 (114) 1533 (190) 1540 (465)

Participant C
(n=5)

1582 (193) 1461 (178) 1650 (124) 1347 (85) 1296 (200) 1356 (176)

Participant D
(n=2)

1742 (272) 1453 (354) 1937 (514) 1594 (131) 1433 (198) 1373 (74)

aStatistically significant, P<.05. bResult by repeated measure 1-factor analysis. cResult by repeated
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opening (45 mm) and no black triangles or fixed appli-
ances, so the scanning was easier.

Patzelt et al13 evaluated photographic scanning with
iTero, which took 20 minutes and 17 seconds for scan-
ning the entire mouth; Bluecam (Cerec Acquisition
Center, Bluecam; Sirona), which could not scan the entire
mouth; and the real-time rendering method of Lava COS
(Chairside Oral Scanner; 3M ESPE), which took 17 mi-
nutes and 20 seconds for the entire mouth. Lee and
Gallucci 26 used iTero and needed 23 minutes and 31
seconds to scan oral cavities with 24 to 28 teeth. In the
study by Yuzbasioglu et al,27 ST measurements for
scanning the entire mouth were obtained in 24 patients
by using Omnicam (Cerec Omnicam; Sirona Dental
GmbH), and took 4 minutes and 8 seconds. The results
of the previous studies indicated that the ST of the
photographic scanners was longer than that of real-time
rendering method scanners.13,26,27 This is because scan-
ners of the former type needed more time to capture
every single picture without shaking, whereas those of
the later type continuously make and process images
regardless of shaking. The ST measured using Trios in
our study was 14 minutes and 29 seconds, which was 10
minutes less than that of iTero. When the results were
compared with the real-time rendering scanning method
from other studies, Lava COS had the longest ST (17
minutes and 20 seconds), which was only 2 minutes less
rios

F (P)

7 T8 T9 T10 Time Time Group
Time ×
Group

3
6)

860
(243)

928
(303)

797
(281)

1.33a

(.230)

1.678b

(.102)
0.065b

(.802)
0.474b

(.890)
3
4)

800
(153)

778
(195)

748
(218)

1.26a

(.291)

F (P)

T7 T8 T9 T10 Time Time Group
Time ×
Group

1202 (157) 1150 (77) 1203 (74) 1 185 (157) 2.09b

(.14)

1.301c

(<.001)a

1,3>2,4,
5,6,7,8,
9,10d

3.652c

(.052)
1.035c

(.434)

1464 (196) 1374 (172) 1470 (160) 1354 (117) 3.39b

(<.001)a

1,2,3,4,
5,6,9>7,
8,10d

1153 (151) 1155 (95) 1282 (75) 1123 (100) 14.35b

(<.001)a

1,3,5>2,
4,6,7,8,
9,10d

1425 (103) 1243 (124) 1204 (94) 1238 (95) 1.77b (.20)

measure 2-factor analysis. dResults of multiple comparison.

Kim et al
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Figure 9. Average scan time for four participants.
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than that for iTero, for scanning the entire mouth.24,27

This reduction was because Lava COS, although it uses
a real-time rendering method, has a short focal distance
and requires the teeth to be at a certain distance that
causes frequent pauses in the scanning process. More-
over, additional time to spray powder is required when
it is contaminated with saliva.

Most other studies reported a shorter ST than those
in this study because they used a lower number of
scanned abutments or teeth. Moreover, no standard was
used to control the quality of scanning in these
studies.13,26,27 Therefore, additional scanning or
rescanning time was not included. Another reason is
that the studies by Patzelt et al13 and Lee and Gallucci26

used an experimental model rather than the actual
mouth. Therefore, there was no influence of surround-
ing structures such as saliva, cheeks, and tongue.
Although absolute comparison is difficult because each
study had different scanning environments, iTero
needed a longer ST and Trios required shorter ST than
the other scanners. Nevertheless, these results indicate
Table 6. Comparison of scan time (s) with Trios among four participants

Participants

Session Number,
Mean (±SD)

T1 T2 T3 T4 T5 T6

Participant A
(n=7)

967 (197) 892 (173) 858 (139) 878 (255) 862 (153) 1002 (307)

Participant B
(n=2)

1367 (149) 1147 (16) 967 (275) 1031 (76) 967 (126) 908 (63)

Participant C
(n=1)

1105 (-) 782 (-) 605 (-) 1476 (-) 1024 (-) 818 (-)

Participant D
(n=5)

1009 (223) 783 (154) 752 (100) 753 (202) 873 (372) 651 (89)

aStatistically significant, P<.05. bResult by repeated measure 1-factor analysis. cResult by repeated
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that the 2 scanners can be efficiently applied in the
actual clinical setting.

Compared with the conventional impression-making
method, if the time required for making digital impres-
sions with the scanner is shorter, the efficiency of the
digital scanner in the clinical area will be predictable. In
the study by Patzelt et al,13 impression making of the
maxillary and mandibular jaws with elastomeric impres-
sion materials took an average of 24 minutes and 42
seconds. To compare the efficiency of digital scanning
with conventional impression-making procedures, the
standard time for conventional impression-making pro-
cedure was set as 1482 seconds based on this study.
Following this standard, only a few learners were able to
scan within the standard time with iTero from the
beginning. However, with Trios, all learners completed
the scanning within the standard time without repeated
learning. Therefore, Trios tends to be more efficient than
existing impression-making procedures.

This study has some limitations. First, the learning
rates for both scanners were fast in the beginning but
gradually slowed down by the end of the study. These
features are different from the general experience curve.18

In the study by Feldman et al,22 when 16 students used
the Fundamental of Laparoscopic Surgery (FLS)
pegboard 40 times, their learning curve was compared
with the expected learning curve. The students’ learning
plateau reached an approximate score of 90, achieved
approximately after the sixth session. However, in this
study, although the learning rate was irregular and
decreased gradually, it never reached a plateau. In the
entire experience curve, ST decreased until the ninth (T9)
and tenth (T10) sessions, and there was a great possibility
of a plateau being achieved with continuous practice. In
short, the number of scanning sessions was too small to
achieve a plateau. Second, the learning period was
distributed over 4 days because of the risk of learner fa-
tigue. Differences in learning rate can occur between
experiments involving 12 sessions a day and those
involving 3 sessions a day for 4 days. In the actual results
F (P)

T7 T8 T9 T10 Time Time Group
Time ×
Group

835 (165) 858 (111) 921 (295) 906 (290) 0.45b

(.90)

3.458c

(<.001)a

1,4,5,
8>2,3,
6,7d

5.224c

(.017)a

B,C>
A>Dd

1.659c

(.038)
1,2,4,5,
7,8,9,

10>3,6d

848 (8) 927 (100) 1230 (298) 869 (258) 3.15b

(.05)

604 (-) 1432 (-) 722 (-) 576 (-) -

770 (45) 660 (79) 708 (61) 610 (83) 2.44b

(.03)a

1,2,4,5,
9>3,6,
7,8,10d

measure 2-factor analysis. dResults of multiple comparison.
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for iTero in this study, the first session took the longest
time each day, and the ST decreased in the second and
third sessions, in the same order. Because there were no
restrictions on the gap between the study days, learning
was not achieved continually. It can be assumed that this
gap had an effect on the experience curve. Therefore, in
follow-up studies, to achieve the general form of the
experience curve, the number of learning sessions should
be greater with a regular learning period.

CONCLUSIONS

Based on the results of this study, it was concluded that
ST decreased after repeated scanning with both iTero and
Trios and that scanning proficiency increased. Although
the learning rate for iTero was faster, the average ST for
iTero was greater than that for Trios. This result was
influenced by clinical experience. However, the learning
rate for Trios was slow, but the mean ST was less and
was not influenced by clinical experience. The learning
rate for Trios differed with the participant’s intraoral
characteristics.
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