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Abstract

Objective: To compare the accuracy of complete-arch scans and quadrant scans obtained using a direct chairside
intraoral scanner.

Material and methods: Intraoral scans were obtained from 20 adults without missing teeth except for the third
molar. Maxillary and mandibular complete-arch scans were carried out, and 4 quadrant scans for each arch were
performed to obtain right posterior, right anterior, left anterior, and left posterior quadrant scans. Complete-arch
scans and quadrant scans were compared with corresponding model scans using best-fit surface-based registration.
Shell/shell deviations were computed for complete-arch scans and quadrant scans and compared between the
complete-arch scans and each quadrant scans. In addition, shell/shell deviations were calculated also for each
individual tooth in complete-arch scans to evaluate factors which influence the accuracy of intraoral scans.

Results: Complete-arch scans showed relatively greater errors (0.09 ~ 0.10 mm) when compared to quadrant scans
(0.05 ~ 0.06 mm). The errors were greater in the maxillary scans than in the mandibular scans. The evaluation of
errors for each tooth showed that the errors were greater in posterior teeth than in anterior teeth. Comparing the
right and left errors, the right side posterior teeth showed a more substantial variance than the left side in the
mandibular scans.

Conclusion: The scanning accuracy has a difference between complete-arch scanning and quadrant scanning,
particularly in the posterior teeth. Careful consideration is needed to avoid scanning inaccuracy for maxillary or
mandibular complete-arch, particularly in the posterior area because a complete-arch scan might have potential
error than a quadrant scan.
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Introduction
The introduction of an intraoral scanner improved on
the many shortcomings of the traditional alginate im-
pression using the tray and materials [1]. Intraoral scan-
ning is now available for many branches of dentistry and
performing a complete-arch scan directly in the patient’s
mouth is more common in orthodontics.

The accuracy of intraoral scanners has been evaluated
for both single tooth [2–8] and short-span-fixed dental
prostheses [9–12]. To determine the accuracy of
intraoral scanners, researchers have performed in vitro
studies using reference models [13–18]. Although short-
span intraoral scans have exhibited excellent accuracy,
only a few studies have investigated the accuracy of
in vivo intraoral scans for a complete-arch scan [19].
Considering that a complete-arch scan is more useful
for orthodontic application than quadrant scan, research
regarding the comparative accuracy between complete-
arch scans and quadrant scans is needed. The purpose
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of the present study was to assess the accuracy of
complete-arch scans and quadrant scans by standardiz-
ing the measurements using a reference model and then
comparing these variances between the two different
scans.

Material and methods
The present study was approved by the Institutional Re-
view Board of the Chonnam National University Dental
Hospital, Gwangju, Korea. The inclusion criteria were
(1) a fully erupted permanent dentition except for the
third molars in both jaws, and (2) no prosthetic restora-
tions such as metal crown or bridges on the molars.
Twenty patients had complete-arch scans with an

intraoral scanner (TRIOS, 3Shape, Copenhagen, Denmark).
In addition, 4 quadrant scans were obtained from the right
posterior, right anterior, left anterior, and left posterior
areas for each arch. The scan data were reprocessed as a
stereolithography file format by using OrthoAnalyzerTM

software program (3Shape) (Fig. 1).
A model scan was used as the gold standard to com-

pare accuracy of the complete-arch scans and quadrant
scans. Maxillary and mandibular alginate impressions
(Cavex Impressional, Cavex Holland BV, Haarlem, the

Netherlands) were taken and immediately poured with
dental stone (New Plastone II White, GC Corporation
Tokyo, Japan). The models were then scanned by using
a desktop scanner (Orapix, Seoul, Korea), and scan files
were converted to 3D (three-dimensional) images by a
reverse engineering software program (Rapidform, 3D
Systems, Rock Hill, SC).
Each complete-arch scans and quadrant scans were

superimposed with a model scan using best-fit surface
feature-based registration. The initial registration in-
volved the selection of three corresponding points in
each of the two scans, after which the program’s auto-
matic fine registration function was employed to finalize
the matches. In a complete-arch scan, incisal midpoint
and mesiobuccal cups of the right and left first molar
were used as three reference points. The buccal cusp of
the first premolar and lingual cusp of the second pre-
molar, and the mesiobuccal cusp of the second molar
were used in the quadrant posterior scan. The canine
cusp, lingual zenith of lateral incisor, and labial zenith of
central incisor were used in the quadrant anterior scan.
Using the “shell/shell deviation” function in the pro-
gram, the average surface differences between intraoral
scan and the model scan were computed at all points on

Fig. 1 Intraoral scans obtained from each patient. a, b Complete-arch scan; c–j Quadrant scan
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the surfaces. The average surface differences were calcu-
lated also for each individual tooth in complete-arch
scans to evaluate factors which influence the accuracy of
intraoral scans. In addition, these differences were visu-
alized by means of color-mapping chart (Fig. 2).

Statistical analysis
The calculation of sample size was based on the previous
study [20]. Shell/shell deviations were computed for
complete-arch scans and quadrant scans and compared
between the complete-arch scan and each quadrant scan
using the paired t test. ANOVA was used to detect dif-
ferences among 4 quadrant scans for each arch. Also, a
paired t test was used to detect the significant difference
between complete-arch scans and quadrant scans. The
statistical analyses were performed using the SPSS soft-
ware package (version 23.0; IBM, Armonk, NY).

Results
The errors of the complete-arch scans and model scans
showed 0.10 mm in maxillary scans and 0.09 mm in man-
dibular scans. The errors were larger in the maxillary scan

images than in the mandibular scan. In the case of quad-
rant scans, the errors ranged from 0.05 to 0.06 mm. For
each segmental area, the differences in the errors were sta-
tistically significant in both arches (Table 1). The
complete-arch scan showed more variation than the quad-
rant scan in both arches. The evaluation of the individual
teeth showed that the variation was greater in the poster-
ior teeth than in anterior teeth. The right side of the pos-
terior teeth showed a greater variation than the left side in
the mandibular arch scans; however, there was no signifi-
cant difference between the right and left sides (Fig. 3).

Discussion
Different branches of dentistry require different levels of
variance when scanning is compared to the alginate im-
pression. For instance, a 0.12 mm margin discrepancy
has been reported to be the limit for a clinically accept-
able crown margin in prosthetics [21], whereas for or-
thodontics, a difference in tooth size measurement
within 0.27 mm was reported to be clinically insignifi-
cant [22]. Although silicone-based impression materials
are known to be more precise than alginate impression,

Fig. 2 Three-dimensional superimposition with the laser-scanned image and color-coded visualization charts showing shell/shell deviation in
complete-arch scan (a, b) and quadrant scan (c, d) images. Right posterior scan images were presented as an example of quadrant scan images
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the alginate impression is generally used for the diagno-
sis of patients in orthodontic clinics. In this study, the al-
ginate impression was used for comparing a complete-
arch scan and quadrant scan.
The results of this study showed that the errors of the

full arch scans were statistically more significant than
those of the quadrant scans. The largest difference from

the quadrant scans was 0.04 mm. This finding is clinic-
ally acceptable, considering that the result also reflects
the variance in the impression acquisition and the
manufacturing process of the plaster model. The errors
in the posterior areas were larger than those in the an-
terior area. One possible explanation for this finding is
that there is more saliva in the posterior areas of the

Table 1 Average surface difference with reference model scan in each complete-arch scan and quadrant scan (mm)

Complete-
arch scan

Quadrant scan

Right posterior Right anterior Left anterior Left posterior Difference

Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Maxilla 0.10 ± 0.02 0.06 ± 0.01 0.05 ± 0.02 0.05 ± 0.01 0.06 ± 0.02 P < 0.05

Mandible 0.09 ± 0.01 0.06 ± 0.02 0.05 ± 0.01 0.05 ± 0.01 0.06 ± 0.02 P < 0.05

Difference P < 0.05 P = 0.895 P = 0.527 P = 0.847 P = 0.645 P < 0.05

SD standard deviation

Fig. 3 Graphic presentation of shell/shell deviation of individual tooth in complete-arch scan. a Maxilla. b Mandible
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mouth. The dryness of the tooth during scanning is crit-
ical for scanning accuracy. Additionally, the scanning se-
quence and the process of stitching the scanned images
may affect the accuracy in the molar areas. TRIOS sys-
tems captured single images of the tooth and produced
an assembled virtual model of the whole dentition.
Smaller tooth surfaces, those seen in incisors, have lim-
ited overlap area between captured images. Scanning
and stitching can accumulate variance in the scans. This
variance was more pronounced in the mandibular arch
than in the maxillary arch, which was thought to be in-
accuracy due to the tongue during mandibular arch
scanning. In other words, the variance introduced during
stitching may be more likely to occur in the mandibular
arch than in the maxillary arch. When we looked at the
variation between left and right in this study, the error
tended to be larger on the right side than on the left
side, although the difference was not statistically signifi-
cant. This difference is also thought to be a result of the
scanning direction. Scanning direction may also be a fac-
tor in these differences. In this study, scanning started
from the left side of the arch, based on the manufac-
turer’s recommendation. As the scanner moved from the
left side to the right, the variances might have accumu-
lated on the right side and in the posterior areas.
The results suggest entirely removing saliva during the

scans to increase the accuracy of complete-arch scans
when compared with the quadrant scans. If careful ad-
justment is made to reduce the stitching error, such as
scanning the labial or lingual side of the incisal edge
possible during anterior scanning, this will help to im-
prove the accuracy of the complete-arch scans. Accuracy
can also be affected by the clinician’s skill during
intraoral scanning. In the present study, the intraoral
scans were obtained by the same examiner experienced
in intraoral scanning with over 100 patients. Scanning
times tend to decrease as operator experience increased.
Long scanning time may exacerbate variance due to the
stitching process of captured images.
The scanning accuracy has a difference between

complete-arch scanning and quadrant scanning, particu-
larly in the posterior teeth. The error was greater in the
posterior teeth than in the anterior teeth. The errors in
the right side posterior teeth appeared a substantial vari-
ance than the errors on the left side when the scanning
was started from the left side. Based on the results, clini-
cians should pay more attention to the accuracy of the
complete-arch scanning when performing intraoral scan-
ning for the purpose of orthodontic treatment, particu-
larly for the fabrication of removable appliances. Careful
consideration is needed to avoid scanning inaccuracy for
maxillary or mandibular complete-arch, particularly in
the posterior area because a complete-arch scan might
have potential error than a quadrant scan.

Conclusion
The scanning accuracy has a difference between
complete-arch scanning and quadrant scanning, particu-
larly in the posterior teeth. Careful consideration is
needed to avoid scanning inaccuracy for maxillary or
mandibular complete-arch, particularly in the posterior
area because a complete-arch scan might have potential
error than a quadrant scan.
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