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Abstract: Although digital impression using an intraoral scanner (IOS) has been applied for remov-
able partial denture (RPD) fabrication, it is still unclear how the morphology of a residual ridge
recorded by digital impression would differ from that recorded by conventional impression. This
in vivo study investigated the morphological difference in the recorded residual ridge between digital
and conventional impressions. Vertical and horizontal displacements (VD and HD) in residual ridges
recorded by digital and conventional impressions were assessed in 22 participants (15 female; mean
age 78.2 years) based on the morphology of the tissue surface of in-use RPD. Additionally, the mucosal
thickness of the residual ridge was recorded using an ultrasound diagnostic device. VD and HD were
compared using the Wilcoxon signed-rank test, and the correlation of mucosal thickness with VD
and HD was analyzed using Spearman’s ρ. The VD of digital impression was significantly greater
than that of a conventional impression (p = 0.031), while no significant difference was found in HD
(p = 0.322). Meanwhile, the mucosal thickness showed no significant correlation with the recorded
morphology of the residual ridge, regardless of the impression techniques. It was concluded that the
digital impression would result in a greater displacement in the height of the residual ridge from the
morphology of in-use RPD than the conventional impression.

Keywords: digital impression; intraoral scanner; mucosal thickness; removable partial denture;
residual ridge; selective pressure impression

1. Introduction

Recently, the digital impression technique using an intraoral scanner (IOS) has been
clinically applied for the fabrication of removable partial dentures (RPD) [1,2]. Conven-
tionally, a selective pressure impression is recommended to fabricate well-fitted RPD with
extension base(s) for Kennedy class I and II arches [3]. For conventional impressions,
silicone or zinc oxide eugenol-based impression materials have been clinically used [4]. On
the other hand, an IOS never places any pressure on the residual ridge while taking digital
impressions because it is a non-contact system. Therefore, applying the digital impression
technique to fabricate RPD for patients with Kennedy class I and II dental arches has been
clinically suspicious, leading to the limitation of the application of the digital impression
technique at the current moment [5].
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In previous clinical reports with the application of digital workflow to RPD fabrication
for Kennedy class I and II dental arches, clinicians have applied the conventional impression
technique to obtain the definitive impression [6,7] or taken the definitive impression via
an altered cast technique using an occlusion rim or a framework fabricated on the cast
based on the initial digital impression [8]. In these procedures, using the combination
of conventional impression techniques and digital workflow, the following benefits of
digital workflow could not be obtained: reduction of physical material waste, higher cost-
effectiveness, smaller number of clinical appointments, and relief of discomfort during
impression taking [5].

To finalize the definitive impression of Kennedy class I and II dental arches using only
the digital impression technique, data modification subsequent to the digital impression
taking to reproduce the morphology of the residual ridge during RPD functioning would be
a potential breakthrough. The conventional impression technique with selective pressure
has been clinically accepted over the ages; therefore, the preference is to deal with the
morphology of the residual ridge recorded using the conventional impression technique
as the reference for the digital impression technique. However, no previous study has
strictly compared the morphology of the recorded residual ridge between the digital and
conventional impression techniques. Additionally, the mucosal thickness of the residual
ridge would affect the displacement of denture-bearing mucosa under functional pres-
sure [9], implying the importance of clarifying the influence of the mucosal thickness on
the morphological displacement of the recorded residual ridge during impression taking.

In this study, the vertical and horizontal displacement in the residual ridge recorded
using the digital and conventional impression techniques were assessed based on the
shape of the tissue surface of in-use RPD as the measures of morphological evaluation.
Additionally, the mucosal thickness of the residual ridge was assessed. This study aimed to
investigate the morphological difference in the recorded residual ridge between the digital
and conventional impression techniques, as well as the correlation of the mucosal thickness
with the morphology of the residual ridge recorded using the digital and conventional
impression techniques. The tested null hypotheses were as follows: (1) there would be
no significant difference in the morphology of the residual ridge between the digital and
conventional impression techniques, and (2) there would be no correlation of the mucosal
thickness with the morphology of the recorded residual ridge regardless of the impression
technique selection.

2. Materials and Methods
2.1. Participants

Participants were recruited from partially edentulous patients who visited the
prosthodontics clinic at the Tokyo Medical and Dental University Hospital. The in-
clusion criteria were as follows: mandible classified class I or class II based on the
Kennedy classification of partially edentulous dental arches [10]; continuous use of
mandibular RPD for at least 1 month without any complaints; and the existence of all
the anterior teeth. The exclusion criteria were as follows: acute dental and periodontal
disease; severe mobility of RPD abutment teeth; mucosal lesion in the residual ridge;
and the existence of overdenture abutments. All participants were informed of the study
purpose in written descriptions of the research protocol before they provided consent
to be enrolled. All experimental procedures followed the principles of the Declaration
of Helsinki, revised in 2013, and were approved by the Ethics Committee of the Tokyo
Medical and Dental University (authorization no. D2020-064). The data were collected
from January 2022 to September 2023.

2.2. Digital Impression Data

Each participant was instructed not to wear the mandibular RPD starting 24 h before
digital impression taking so that the denture-bearing mucosa compressed by the functional
pressure would be recovered. The mandible of each participant without RPD placement
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was digitally scanned using an IOS (TRIOS3; 3Shape, Copenhagen, Denmark) with full-arch
scanning, and the acquired digital data were defined as the “digital impression data”. In
accordance with a previous study, the scans were initiated from the RPD abutment tooth
directly facing the target mucosal area toward the other side over the occlusal surfaces of
posterior teeth and mucosal area(s) with straight motion and the incisal edges of anterior
teeth with zigzag motion and returned to the target mucosal area, followed by the lingual
and then the buccal surfaces (Figure 1) [11]. After acquiring the digital impression data,
another intraoral scanning was performed with mandibular RPD placement to acquire
“RPD placement data”. Additionally, the digital data of the mandibular RPD were acquired
as “RPD data” by scanning the occlusal, polished, and tissue surfaces of the RPD using an
IOS. All the acquired data were converted to standard triangulated language (STL) files.
All scans were performed by a single experienced operator (E.-Y.K.).
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Figure 1. Routine process for full-arch intraoral scanning of the Kennedy class I (A) and class II
(B) mandibular partially edentulous arch (assuming that the target mucosal area would be the right
side). The scanning was initiated from the abutment tooth directly facing the target mucosal area
(black circle numbered as #1) toward the other side with zigzag motion on the anterior teeth and
returned to the target mucosal area, followed by route (#2) on the lingual surface, and then route (#3)
on the buccal surface.

2.3. Conventional Impression Data

For each participant, a custom tray was constructed on a diagnostic cast based on a
snap impression using a stock tray (SANKIN IMPRESSION TRAY; Dentsply Sirona K.K.,
Tokyo, Japan) and a hydrocolloid (alginate) impression material (AROMA FINE PLUS;
GC CORPORATION, Tokyo, Japan) taken when the participant previously visited. After
taking the digital impression, the definitive impression was taken with a selective pressure
impression technique using the custom tray and a silicone rubber impression material
(EXAHIFLEX; GC CORPORATION, Tokyo, Japan). Using a high-strength dental stone
(NEW FUJIROCK; GC CORPORATION, Tokyo, Japan), a master cast was fabricated from
the definitive impression. To compare the morphology of the master cast with the IOS
data, the STL data of each master cast were acquired as “conventional impression data”
by digital scanning using a desktop scanner (E1; 3shape, Copenhagen, Denmark) with a
manufacturer’s reported accuracy of 10 µm (ISO 12836) [12]. All the procedures to take the
conventional impression and acquire the STL data of the master cast were performed by a
single experienced operator (Y.I.).

2.4. Calculation of Representative Values for Morphological Comparison

Using 3D analysis software (Geomagic Control X Studio 2014; 3D Systems, Rock Hill,
SC, USA), the vertical and horizontal location of the residual ridge top (RRT) of the target
mucosal area under the central fossa of an artificial tooth of the first molar on the RPD
was evaluated. The reference planes used for the calculation of the representative values
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were as follows: (1) the plane including the mesial contacting point of the central incisors
and cusps of canines on both sides as the reference plane #1 (RP-1) (A in Figure 2); and
(2) the perpendicular plane of the line connecting cusps of canines on both sides including
the mesial contacting point of the central incisors as the reference plane #2 (RP-2) (B in
Figure 2). Then, the plane, including the central fossa of an artificial tooth of the first
molar on the target mucosal area and perpendicular to both RP-1 and RP-2, was defined
as the evaluation plane (EP) (C in Figure 2). On the EP, the highest point of the residual
ridge based on RP-1 was defined as the RRT. The perpendicular line of RP-1 was drawn
from RP-1 to the RRT, and the line length was recorded for both digital and conventional
impressions (A in Figure 3). In addition, after superimposing the RPD data on the RPD
placement data using a best-fit algorithm [13] based on the occlusal and polished surface
of the RPD, the RP-1, RP-2, and the EP were defined in the same manner as for the digital
and conventional impression data. Then, the highest point of the tissue surface of the RPD
was defined as the tissue surface top (TST). The perpendicular line of RP-1 was drawn
from RP-1 to the TST, and the line length was recorded (B in Figure 3). Finally, both for the
digital and conventional impression data, the difference in the length of the perpendicular
line to the VRP between RRT and TST was calculated as the vertical displacement from the
tissue surface (VD). In addition to the VD, the difference in the length of the perpendicular
line to the HRP between RRT (C in Figure 3) and TST (D in Figure 3) was also calculated as
the horizontal displacement (HD).
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Figure 2. Reference and evaluation planes. (A): Reference plane #1 (RP-1) where the mesial contact
point of the central incisors (a) and cusps of canines on both sides (b and c) are included; (B): Reference
plane #2 (RP-2) perpendicular to the line connecting cusps of canines on both sides, and including
the mesial contacting point of the central incisors; and (C): evaluation plane (EP) perpendicular to
both RP-1 and RP-2, including the mesial contacting point of the central incisors, and including the
central fossa of an artificial tooth of the first molar on the target mucosal area (d).
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Figure 3. Representative values for morphological comparison. The difference in the length from
RP-1 between RRT on the impression data (acquired by digital or conventional impression techniques)
(A) and TST on the tissue surface of RPD (B) was defined as the vertical displacement (VD), while
the difference in the length from RP-2 between RRT (C) and TST (D) was defined as the horizontal
displacement (HD). RP-1: reference plane #1; PR-2: reference plane #2; RRT: residual ridge top; and
TST: tissue surface top.

2.5. Mucosal Thickness of Residual Ridge

In addition to taking conventional and digital impression data, the mucosal thickness
of the residual ridge (mm) was measured using an ultrasound diagnostic device (Noblus;
Hitachi Medical Corporation, Tokyo, Japan) with a 13 MHz linear probe (L64 probe; Hitachi
Medical Corporation, Tokyo, Japan). Each participant was instructed to sit, and the probe
was placed on the assessment area so that the long axis of the probe was perpendicular to
the residual ridge. The assessment area was confirmed as the area under the first molar
artificial tooth based on the distance from the distal proximal surface of the abutment
tooth facing the target mucosal area. The measurements were performed 5 times for each
participant, and the mean value was calculated as the representative value of the mucosal
thickness. All the measurements were performed by a single experienced operator (Y.I.).

2.6. Statistical Analysis

The VD and HD were statistically compared between digital and conventional im-
pression data. Additionally, the correlations of the mucosal thickness with the VD and HD
were statistically analyzed for the digital and conventional impression techniques. For the
participants classified as Kennedy classification class I, one mucosal area was randomly se-
lected as the target mucosal area. Levene’s test indicated that none of the measures showed
the equality of data variance. Therefore, the Wilcoxon signed-rank test was performed to
compare VD and HD, while Spearman’s rank correlation coefficient (ρ) was used to assess
the correlations. All statistical analyses were performed using statistical software (SPSS
Statistics v28.0, IBM, Redmond, WA, USA) with a significance level set at 0.05.

3. Results
3.1. Participants and Visual Assessment

A total of 22 participants (15 female, 7 male; mean age 78.2 ± 9.7 years) were enrolled
in this study. The detailed characteristics of the participants are presented in Table 1.
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Table 1. Characteristics of participants (n = 22).

Characteristic

Age (SD) 78.2 (9.7)
Participant number (%) Sex Female 15 (68.2%)

Male 7 (31.8%)
Missing teeth number of target mucosal area (%) 2 4 (18.2%)

3 8 (36.4%)
4 10 (45.4%)

Mucosal thickness (mm) (SD) 1.87 (0.30)

SD: standard deviation.

3.2. Comparison between Digital and Conventional Impressions

Figure 4 shows the results of comparisons of VD and HD between digital and con-
ventional impression techniques. The median values (interquartile range: IQR) (µm) of
VD were 184.4 (291.1) and 93.8 (194.1) in digital and conventional impression techniques,
respectively. The VD revealed significantly greater value in the digital impression data
than in the conventional impression data (p = 0.031). On the other hand, the median
values (interquartile range: IQR) (µm) of HD were 157.8 (571.2) and 115.5 (425.8) in digital
and conventional impression techniques, respectively. The HD revealed no significant
difference between the digital and conventional impression data (p = 0.322).
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techniques.

3.3. Correlation of Mucosal Thickness with the Morphological Measures

Table 2 shows the results of the correlation analyses between the mucosal thickness of
the residual ridge and VD and HD with the digital and conventional impression techniques.
The mucosal thickness showed no statistically significant correlation with either VD or HD
with the digital and conventional impression techniques.
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Table 2. Correlations of the mucosal thickness with the VD and HD.

Displacement Impression Technique ρ p-Value

VD Digital −0.332 0.132
Conventional −0.327 0.138

HD Digital −0.100 0.659
Conventional −0.036 0.873

ρ: Spearman’s ρ with mucosal thickness of residual ridge; VD and HD are the vertical and horizontal displacements
of recorded residual ridge top based on the tissue surface top of RPD, respectively.

4. Discussion

In this in vivo study, the vertical and horizontal displacements (VD and HD) of the
residual ridge recorded using the digital and conventional impression techniques were
assessed based on the tissue surface of in-use RPD, followed by the comparisons of VD
and HD between two impression techniques. Additionally, the correlations of the mucosal
thickness with VD and HD were assessed for both the digital and conventional impression
techniques. The overall results revealed that the digital impression technique showed
a significantly greater VD than the conventional impression technique. Meanwhile, the
mucosal thickness was significantly correlated only with the VD acquired with the digital
impression technique. Therefore, the null hypotheses were rejected.

The vertical displacement in the mucosa of the residual ridge during distal extension RPD
functioning was estimated to be around 200 µm [14]. All the RPD worn by the participants
were designed based on the stress distribution concept with rigid connection of the abutment
teeth and retainers without any hinges. In this RPD design concept, the denture base of the
well-adjusted RPD would fit well with the compressed mucosa under functional pressure [15].
Meanwhile, the median values of the VD (the vertical gap at the RRT from the TST of in-use
RPD) were 184.4 and 93.8 µm in digital and conventional impression techniques, respectively.
This finding suggested that the digital impression recorded the morphology of the uncom-
pressed mucosa, while the conventional impression using a custom tray and elastic impression
material recorded the morphology of compressed mucosa to some extent. It was also suggested
that the conventional impression used in this study did not provide clinically enough pressure.
However, the fitness between the denture base of the in-use RPD and denture-bearing mucosa
was not strictly assessed. Further studies are necessary to clarify the morphological difference
between the residual ridge recorded by the digital impression and the ideal shape of the tissue
surface of the distal-extension RPD defined with the exact criteria.

A previous study reported that the accuracy of static morphology of the residual ridge
in the Kennedy classification class I dental model was 107–180 µm when using the digital
impression [16], indicating that a potential error of more than 100 µm should be assumed
regardless of the lack of pressure during impression taking. This potential error is why
some participants showed negative values of VD with the digital impression technique.
On the other hand, it has been indicated that the artificial marker placement could improve
the accuracy of the morphology of the residual ridge recorded by the digital impression
technique [17,18]. Using artificial markers would improve the potential accuracy of the
digital impression technique, leading to a greater VD with the digital impression technique.

In this study, the mucosal thickness of the residual ridge was measured using an
ultrasound diagnostic device with a mean value of 1.87 mm. This value was comparable
to the mucosal thickness of the mandibular edentulous ridge reported in the previous
study [19]. Meanwhile, the mucosal thickness showed no correlation with the vertical
displacement of the RRT (VD), indicating that the digital impression technique would not
be affected by mucosal thickness. It was also suggested that a lack of impression pressure
in the digital impression technique would not provide clinically critical influences on the
morphology of the recorded residual ridge in partially edentulous patients, indicating
that distal-extension RPD fabrications made directly from the digital impression would be
acceptable in those patients. On the other hand, only the participants who had used their
mandibular RPD without any complaints were enrolled in this study, indicating that the
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denture-bearing mucosa of the participants was healthy and tightly attached to the alveolar
bone. In further clinical studies, it will be necessary to compare the clinical performance
of distal-extension RPD fabricated directly from the digital impressions among several
allocated groups based on the mucosal thickness of the residual ridges.

Regarding the horizontal displacement of the residual ridge, a displacement of around
100 µm was found in the digital and conventional impression techniques in this study.
There was no significant difference between the two impression techniques. The greater
IQR found in each impression technique, as well as the similar median values, would
presumably result in a lack of significant difference in the horizontal displacement. Addi-
tionally, the mucosal thickness showed no correlation with any of the evaluated measures
of the horizontal displacement of the residual ridge. These findings indicated that the
manual adjustment on the chairside would be needed in the horizontal morphology of
the tissue surface of distal-extension RPD regardless of the selection of the impression
techniques and the mucosal thickness of the residual ridge. In other words, it was indicated
that the distal-extension RPD fabrication directly from the digital impression would not
provide any clinically critical influences on the horizontal morphology of the tissue surface.

Overall, our findings suggested that a digital impression would provide more than a
100 µm gap in height between the tissue surface of the RPD and functionally compressed
mucosa of the residual ridge, which would be around two times greater than that provided
by a conventional impression. Therefore, at the moment, the digital impression technique
would not be recommended for taking definitive impressions of RPD for Kennedy class I
and II dental arches. On the other hand, to fabricate the RPD with full-digital procedures,
modification of impression data acquired by digital impression based on the estimated gap
would be a breakthrough as well as relining after RPD delivery.

This study has several limitations. First, the morphology of the residual ridge instead of
the tissue surface of the fabricated RPD was evaluated. Therefore, it is still unclear whether
the selection of impression techniques would critically affect the condition of the tissue surface
and the clinical performance of the RPD. Second, the target area was limited to the area
under the artificial tooth of the first molar as the representative area of the supporting soft
tissue. The denture-bearing mucosa can be generally classified into the following two tissues:
supporting tissue, which should be functionally compressed, e.g., the mucosa of the RRT,
and non-supporting tissue, which requires relief, e.g., the retromolar pad. The findings of
this study represent only the supporting soft tissue. Therefore, the influence of applying the
digital impression technique on the non-supporting tissue could not be assessed. Although
the digital impression technique might be clinically efficient in acquiring the morphology of
the non-supporting tissue without any compression because of a lack of impression pressure,
it is necessary to clarify how the digital impression technique affects each part of the denture-
bearing mucosa, especially in Kennedy class I and II partially edentulous dental arches. Finally,
this study never focused on the border area of the denture base. Conventionally, functional
impressions and/or border molding with custom trays are needed to acquire the functional
outline of the denture base. Further studies are necessary to assess the condition of the border
area recorded using digital impression techniques and to develop a method of acquiring the
proper outline of the denture base.

5. Conclusions

Within the limitations of this invivo study, it is suggested that the digital impression
technique would result in a greater displacement in the residual ridge height from the tissue
surface of in-use RPD when compared to the conventional impression technique, while
the selection of the impression techniques would not affect the horizontal displacement
of the residual ridge during impression taking. On the other hand, it was suggested that
the morphological displacement during impression taking would not correlate with the
mucosal thickness regardless of the impression techniques.

Author Contributions: Conceptualization, Y.I., J.W. and N.W.; methodology, Y.I., J.W., E.-Y.K., K.S.,
Y.A., K.T., N.M. and H.H.; software, J.W., E.-Y.K., K.S. and N.M.; validation, Y.I., J.W., E.-Y.K., K.S. and



J. Clin. Med. 2023, 12, 7103 9 of 9

Y.A.; formal analysis, Y.I., J.W., E.-Y.K. and K.S.; investigation, Y.I., J.W., E.-Y.K. and K.S.; resources, S.I.
and N.W.; data curation, Y.I., J.W., K.S., E.-Y.K., Y.A. and M.U.; writing—original draft preparation,
Y.I., J.W., N.M. and K.T.; writing—review and editing, J.W., N.M., K.T. and N.W.; visualization, J.W.;
supervision, J.W., Y.A., N.M., T.Y., K.T. and N.W.; project administration, J.W., S.I. and N.W.; funding
acquisition, J.W. and S.I. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Japan Society for the Promotion of Science, grant number
20K10030.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on reasonable request
from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Virard, F.; Venet, L.; Richert, R.; Pfeffer, D.; Viguié, G.; Bienfait, A.; Farges, J.C.; Ducret, M. Manufacturing of an immediate

removable partial denture with an intraoral scanner and CAD-CAM technology: A case report. BMC Oral Health 2018, 18, 120.
[CrossRef] [PubMed]

2. Nishiyama, H.; Taniguchi, A.; Tanaka, S.; Baba, K. Novel fully digital workflow for removable partial denture fabrication.
J. Prosthodont. Res. 2020, 64, 98–103. [CrossRef] [PubMed]

3. Phoenix, R.D.; Cagna, D.R.; DeFreest, C.F. Stewart’s Clinical Removable Partial Prosthodontics, 4th ed.; Quintessence Publishing Co.:
Chicago, IL, USA, 2008; p. 24.

4. Dental Impression Materials. Available online: https://www.ncbi.nlm.nih.gov/books/NBK574496/ (accessed on 9 November 2023).
5. Fueki, K.; Inamochi, Y.; Wada, J.; Arai, Y.; Takaichi, A.; Murakami, N.; Ueno, T.; Wakabayashi, N. A systematic review of

digital removable partial dentures. Part I: Clinical evidence, digital impression, and maxillomandibular relationship record.
J. Prosthodont. Res. 2020, 66, 40–52. [CrossRef]

6. Harb, I.E.; Abdel-Khalek, E.A.; Hegazy, S.A. CAD/CAM Constructed Poly(etheretherketone) (PEEK) Framework of Kennedy
Class I Removable Partial Denture: A Clinical Report. J. Prosthodont. 2019, 28, e595–e598. [CrossRef] [PubMed]

7. Wu, J.; Cheng, Y.; Gao, B.; Yu, H. A novel digital altered cast impression technique for fabricating a removable partial denture
with a distal extension. J. Am. Dent. Assoc. 2020, 151, 297–302. [CrossRef]

8. Cameron, A.B.; Evans, J.L.; Robb, N.D. A technical and clinical digital approach to the altered cast technique with an intraoral
scanner and polyvinyl siloxane impression material. J. Prosthet. Dent. 2022, 15. [CrossRef] [PubMed]

9. Thompson, W.D.; Kratochvil, F.J.; Caputo, A.A. Evaluation of photoelastic stress patterns produced by various designs of bilateral
distal-extension removable partial dentures. J. Prosthet. Dent. 1977, 38, 261–273. [CrossRef] [PubMed]

10. Kennedy, E. Partial Denture Construction; Dental Items of Interest: Brooklyn, NY, USA, 1928; pp. 231–247.
11. Kim, E.Y.; Wada, J.; Sakamoto, K.; Ishioka, Y.; Arai, Y.; Murakami, N.; Yamazaki, T.; Hayama, H.; Utsumi, M.; Inukai, S.; et al.

Effect of Scanning Origin Location on Data Accuracy of Abutment Teeth Region in Digital Impression Acquired Using Intraoral
Scanner for Removable Partial Denture: A Preliminary In Vitro Study. J. Clin. Med. 2022, 11, 7392. [CrossRef] [PubMed]

12. ISO 12836:2015; Dentistry, Digitizing devices for CAD/CAM systems for Indirect Dental Restorations, Test Methods for Assessing
Accuracy. ISO: Geneva, Switzerland, 2015. Available online: https://www.iso.org/standard/68414.html (accessed on 9 November
2023).

13. Luthardt, R.G.; Koch, R.; Rudolph, H.; Walter, M.H. Qualitative computer aided evaluation of dental impressions in vivo. Dent.
Mater. 2006, 22, 69–76. [CrossRef] [PubMed]

14. Rehm, H. Biophysikalischer Beitrag zur Problematik starr abgestützter Freiend-prothesen. Dtsch. Zahnärztl Z. 1962, 17, 963–975.
15. Steffel, V.L. Fundamental principles involved in partial denture design. J. Am. Dent. Assoc. 1951, 42, 534–544. [CrossRef] [PubMed]
16. Hayama, H.; Fueki, K.; Wadachi, J.; Wakabayashi, N. Trueness and precision of digital impressions obtained using an intraoral

scanner with different head size in the partially edentulous mandible. J. Prosthodont. Res. 2018, 62, 347–352. [CrossRef] [PubMed]
17. Kim, J.E.; Amelya, A.; Shin, Y.; Shim, J.S. Accuracy of intraoral digital impressions using an artificial landmark. J. Prosthet. Dent.

2017, 117, 755–761. [CrossRef] [PubMed]
18. Shimizu, T.; Tasaka, A.; Wadachi, J.; Yamashita, S. A new proposal for improving the accuracy of intraoral scanning for partially

edentulous residual ridge. J. Prosthodont. Res. 2023, 67, 246–254. [CrossRef] [PubMed]
19. Uchida, H.; Kobayashi, K.; Nagao, M. Measurement in vivo of masticatory mucosal thickness with 20 MHz B-mode ultrasonic

diagnostic equipment. J. Dent. Res. 1989, 68, 95–100. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/s12903-018-0578-3
https://www.ncbi.nlm.nih.gov/pubmed/29973186
https://doi.org/10.1016/j.jpor.2019.05.002
https://www.ncbi.nlm.nih.gov/pubmed/31229550
https://www.ncbi.nlm.nih.gov/books/NBK574496/
https://doi.org/10.2186/jpr.JPR_D_20_00116
https://doi.org/10.1111/jopr.12968
https://www.ncbi.nlm.nih.gov/pubmed/30345575
https://doi.org/10.1016/j.adaj.2019.12.011
https://doi.org/10.1016/j.prosdent.2022.05.028
https://www.ncbi.nlm.nih.gov/pubmed/35850875
https://doi.org/10.1016/0022-3913(77)90303-1
https://www.ncbi.nlm.nih.gov/pubmed/333099
https://doi.org/10.3390/jcm11247392
https://www.ncbi.nlm.nih.gov/pubmed/36556008
https://www.iso.org/standard/68414.html
https://doi.org/10.1016/j.dental.2005.02.015
https://www.ncbi.nlm.nih.gov/pubmed/16040117
https://doi.org/10.14219/jada.archive.1951.0079
https://www.ncbi.nlm.nih.gov/pubmed/14823854
https://doi.org/10.1016/j.jpor.2018.01.003
https://www.ncbi.nlm.nih.gov/pubmed/29502933
https://doi.org/10.1016/j.prosdent.2016.09.016
https://www.ncbi.nlm.nih.gov/pubmed/27863856
https://doi.org/10.2186/jpr.JPR_D_22_00088
https://www.ncbi.nlm.nih.gov/pubmed/36031353
https://doi.org/10.1177/00220345890680021501

	Introduction 
	Materials and Methods 
	Participants 
	Digital Impression Data 
	Conventional Impression Data 
	Calculation of Representative Values for Morphological Comparison 
	Mucosal Thickness of Residual Ridge 
	Statistical Analysis 

	Results 
	Participants and Visual Assessment 
	Comparison between Digital and Conventional Impressions 
	Correlation of Mucosal Thickness with the Morphological Measures 

	Discussion 
	Conclusions 
	References

