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Trueness of intraoral scanners 
according to subgingival depth 
of abutment for fixed prosthesis
Young‑Tak Son 1,2,4, KeunBaDa Son 2,4 & Kyu‑Bok Lee 2,3*

This study aimed to compare the trueness of intraoral scanners (IOSs) according to the subgingival 
finish line depth of tooth preparation for fixed prostheses. The prepared maxillary right first molar 
was fabricated by using ceramic material. A computer‑aided design (CAD) reference model (CRM) 
of the abutment was obtained by using a contact scanner. The subgingival finish line was located 
according to the depth at 0‑mm, 0.25‑mm, 0.5‑mm, 0.75‑mm, and 1‑mm. CAD test models (CTMs) 
were obtained by using 2 IOSs (i500 and CS3600). CRM and CTM were superimposed and analyzed 
(Geomagic control X). The one‑way analysis of variance (ANOVA) was used to compare the trueness 
according to the subgingival finish line depth. The paired t test was used to compare the trueness of 
IOSs with and without gingival retraction (α = .05). When the gingival displacement code was not used, 
it was observed that the trueness of both IOSs decreased significantly as the depth of the subgingival 
finish line increased (P < 0.001). When the subgingival finish line was positioned deeper than 0.5‑mm, 
the trueness of both IOSs exceeded 100 µm in the marginal region. When the gingival displacement 
cord was used, the trueness of both IOSs did not exceed 100 µm regardless of the subgingival finish 
line depth. When gingival cord was used, it showed significantly higher trueness than when not used 
(P < 0.001). When the gingival displacement cord was not used, the trueness of IOSs decreased as the 
subgingival finish line depth increased. But the use of the gingival displacement cord improved the 
scanning trueness by 90%. Thus, it is necessary to use the gingival displacement cord according to the 
clinical situation to improve scan trueness at the subgingival finish line.

The advent of intraoral scanners (IOSs), computer-aided design, and computer-aided manufacturing (CAD/
CAM) has enabled complete digital  workflow1,2. Accurate digital scans in digital workflow are an important 
factor for the success of  prostheses3–7. However, if accurate scans are not performed, it may take a lot of time to 
adjust the prosthesis, and it may be necessary to refabricate the prosthesis in severe  cases8,9.

The accuracy of IOSs may vary depending on various conditions, including accuracy of the scanning 
 method10,11, effect of lighting conditions on the scanning  accuracy12,13, accuracy depending on the IOS  type3,4,14, 
distortion that occurs when using  IOSs15,16, and interference of  saliva17,18. Additionally, in another study, the dif-
ference in scan accuracy was evaluated according to the finish line position of the tooth preparation  abutment19–21. 
Based on the location of the finish line, the scan data revealed that the supragingival finish line showed better 
accuracy and the subgingival finish line showed inaccurate  accuracy19,21. These results indicate that the location 
of the finish line can affect the accuracy of the IOS. However, studies on the accuracy of IOSs according to the 
depth of various subgingival finish lines are still insufficient.

In current clinical situations, various locations of the finish line are required for tooth preparation for fixed 
prostheses based on the purpose of  treatment22–27. Various depths of subgingival finish lines can be applied 
according to the patient treatment plan during tooth preparation for a fixed prosthesis in clinical  situations28–30. 
However, in previous studies, it has been shown that normal extension to the gingival sulcus should not exceed 
0.5-mm to 1-mm22,23,29,30. Positioning the finish line at a depth greater than 1-mm is a serious error and can cause 
epithelial attachment tissue damage and  gingivitis29,30.

The impression of the inaccurate finish line negatively affects the fit of the prosthesis, and periodontitis, 
dental caries, and fracture of the prosthesis may  occur31,32. Previous studies have reported that the accuracy of 
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IOS exceeding 100 μm negatively affects the marginal and internal fit of fixed  prostheses6,33. Another study has 
reported that the scan accuracy is recommended to be less than 100 μm considering the cement space of the 
fixed  prosthesis34. Additionally, in the case of subgingival finish lines, gingival retraction was recommended for 
accurate  impressions1,9,19–21,33. The gingival displacement cords dislocate the gingival margin apically and expand 
the gingival sulcus to increase the surface of the abutment that the IOS light beam can reach.9 When gingival 
retraction was used, the accuracy of the impression was found to be  increase19,21. This indicates that the presence 
or absence of gingival retraction can affect the accuracy of impression.

Therefore, this study aimed to compare the trueness of IOSs according to the finish line depth (0-mm, 0.25-
mm, 0.5-mm, 0.75-mm, and 1-mm) of tooth preparation for fixed prostheses and to compare the trueness of 
IOSs with and without gingival retraction. The first null hypothesis is that the trueness of IOSs does not change 
based on the subgingival finish line depth of tooth preparation. The second null hypothesis is that the trueness 
of IOSs does not change with and without gingival retraction.

Methods
To determine the number of samples per group, 5 pilot experiments were performed prior to the present study, 
and 20 per group were determined based on the following results using a power analysis software (G*Power 
v3.1.9.2; Heinrich-Heine-Universität, Düsseldorf, Germany): effect size (f ) = 0.52; power = 99%; actual 
power = 99.20%.

The maxillary right first molar of the typodont model (PRO2001-UL-SP-FEM-32; Nissin Dental Product, 
Kyoto, Japan) was used for the fabrication of the reference model. Tooth preparation was performed under the 
following conditions: reduction of 1.5 mm in the occlusal direction, reduction of 1.2 mm in the axial direction 
with chamfer shape of finish line. The tooth preparation model was scanned by using a laboratory scanner (E1; 
3Shape, Copenhagen, Denmark). The scanned model was formed in standard tessellation language (STL). The 
formed STL file was saved separately for the abutment and adjacent teeth. A 3D printer (Meg-printer 2; Mega-
gen, Daegu, Republic of Korea) was used to fabricate the adjacent teeth, except the abutment. The abutment was 
fabricated as a reference model by using the milling equipment (EZIS HM; DDS, Seoul, Republic of Korea). For 
abutment teeth, lithium disilicate ceramic (IPS e.max CAD; Ivoclar Vivadent AG, Schaan, Liechtenstein) with 
low translucency and A2 color was used. The milled abutment and printed adjacent teeth were post-processed 
according to the manufacturer’s instructions. A diamond bur (Cylindrical medium diamond; KG Sorensen, 
São Paulo, Brazil) was used to prepare the surface polish of the abutment. Five STL files were acquired for the 
abutment of the reference model by using a contact scanner (DS10; Renishaw plc, Gloucestershire, UK). These 
files were aligned and merged by using 3D reverse engineering software (Geomagic Design X; 3D Systems, Rock 
Hill, USA) to obtain 1 high-resolution CRM. The gingiva of the adjacent teeth and abutment was fabricated by 
using the tissues from the neck region of a pig to reproduce the oral environment similar to the actual clinical 
situation (Fig. 1A). Because edible pig tissues were used, approval of the Institutional Review Board was not 
required. The location of the subgingival finish line should not exceed the depth of 1-mm to confirm the true-
ness of IOSs according to the subgingival finish line  depth22,23,29,30. Therefore, the finish line of the abutment 

Figure 1.  Reference model and scanning process. (A) Model with artificial gingiva formed. (B) Schematic of 
subgingival finish line. (a) Depth of finish line. (b) Abutment. (c) Artificial gingiva. (d) 3D printed model. (C) 
Gingival displacement cord inserted in artificial gingiva. (D) Intraoral scanning for CTM fabrication.
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was arranged according to 5 depths (0-mm, 0.25-mm, 0.5-mm, 0.75-mm, and 1-mm) (Fig. 1B). The subgingival 
finish line depth was confirmed by using 3D mesh viewer software (3Shape 3D viewer, 3Shape, Copenhagen, 
Denmark) and a periodontal probe (CP 15 UNC; HU-Friedy, CHI, USA). For gingival retraction, gingival dis-
placement cords (Z-Twist Weave Retraction Cords; GINGI-PAK, Camarillo, CA, USA) were inserted into the 
gingival sulcus under the margin of the abutment (Fig. 1C). The gingival retraction was manipulated by using 
a cord packer (Packing1; atria, Seoul, Republic of Korea). To calculate the mean and standard deviation (SD) 
of the subgingival finish line depth at random locations, vernier calipers (500–151-30; Mitutoyo, Takatsu-ku, 
Japan) were used. The subgingival finish line depth were 0.2521 ± 0.0039 mm at 0.25-mm, 0.5008 ± 0.0005 mm 
at 0.5-mm, 0.7507 ± 0.0008 mm at 0.75-mm, and 1.0006 ± 0.0005 mm at 1-mm.

CTMs were obtained by scanning the reference model with two types of IOSs: i500 (MEDIT, Seoul, Republic 
of Korea) and CS3600 (Carestream Dental, Atlanta, USA) (Fig. 1D). To confirm the effect of the subgingival 
finish line depth, IOSs were used to scan at 0-mm, 0.25-mm, 0.5-mm, 0.75-mm, and 1-mm. After scanning with 
2 IOSs without gingival retraction, the gingival retraction was performed immediately and scanned. 400 CTMs 
were obtained by scanning 20 times before gingival retraction and 20 times after gingival retraction for each IOS 
depending on the depth. To prevent the gingiva replaced with pig tissue from drying and shrinking, distilled 
water was wetted in the gingiva region before scanning, and moisture on the abutment was removed so as not to 
affect the scanning environment. All areas except the area to be evaluated were removed by using CAD software 
(Meshmixer; Autodesk, San Rafael, USA) so that the acquired CTM was not disturbed during the superimposi-
tion of data. All scanning was performed at an ambient temperature of 23 ± 2 °C and a humidity of 50 ± 5% in 
consideration of the oral environment. All scanning procedures were evaluated by a trained investigator.

Scan data of CRM and CTM were 3D analyzed by using 3D inspection software (Geomagic Control X; 3D 
Systems, Rock Hill, USA). For detailed analysis, the occlusal region, axial region, and marginal region were evalu-
ated separately. 3D analysis was performed on the prepared teeth (all regions above the finish line of abutment), 
occlusal region (the region down to 1 mm below the occlusal plane), axial region (between the occlusal region 
and the marginal region), and marginal region (the region up to 1 mm above the finish line) of the abutment. 
CRM and CTM were aligned by using best-fit alignment, and the correspondence between CRM and CTM was 
evaluated by sing the 3D comparison function. The root mean square (RMS) was calculated based on all cloud 
points of CRM by using the following formula:

where X1,i indicates a measurement point at i th in CRM and X2,i indicates a measurement point at i th in CTM. 
n is the number of all points evaluated. Therefore, the RMS value is the absolute average distance of all cloud 
points and means the degree of agreement between CRM and CTM.

CAD software (Meshmixer) was used to evaluate the difference in surface area of the scanned surface area 
according to the subgingival finish line depth. After loading the saved CRM and CTM data into CAD software 
(Meshmixer), all areas except for the area of the prepared teeth existing in the upper part based on the finish line 
were removed. The surface area of CRM and CTM was measured by using the stability function. The difference 
in surface area was evaluated by calculating the difference between the measured CRM surface area and CTM 
surface area data. All measured surface area data were recorded, analyzed, and evaluated.

All data were analyzed by using SPSS statistical software (release 23.0; IBM Corp, Chicago, IL, USA) (α = 0.05). 
One-way analysis of variance (ANOVA) and the Tukey HSD test were used to compare the trueness of IOSs 
according to the subgingival finish line depth and according to the evaluated region. The paired t test was used to 
compare the trueness of IOSs with and without gingival retraction, and an independent t test was used to compare 
the trueness according to the IOSs. Two- and three-way ANOVAs were used to verify the interaction effects.

Results
Table 1 and Fig. 2A,B present a comparison of the trueness of IOSs at the subgingival finish line location without 
gingival retraction. When the gingival cord was not used, we obtained the following results: both IOSs had sig-
nificant differences in trueness according to the evaluated region (prepared teeth, occlusal, axial, and marginal) 
of the abutment (P < 0.001); both IOSs had significant differences in trueness according to the depth of the 
subgingival finish line in the prepared teeth (P < 0.001), But there was no significant difference between 0.5-mm 
and 0.75-mm; both IOSs had a significant difference in trueness according to the subgingival finish line depth 
in the marginal region (P < 0.001); the trueness of both IOSs exceeded 100 μm when deeper than 0.5-mm in 
the marginal region; both IOSs showed the worst trueness at a subgingival finish line depth of 1-mm (CS3600: 
228.2 ± 6.7 µm, i500: 255.6 ± 8.0 µm). When comparing the trueness of CS3600 and i500, a significant difference 
was observed between the 2 IOSs (P < 0.001). CS3600 showed significantly higher trueness than i500 (P < 0.001).

Table 2 and Fig. 2C,D present a comparison of the trueness of IOSs at the subgingival finish line location with 
gingival retraction. When the gingival cord was used, we obtained the following results: it showed significantly 
higher trueness than when gingival cord was not used (P < 0.001); the trueness of both IOSs did not exceed 
100 μm regardless of the subgingival finish line depth and evaluated region. When comparing the trueness of 
CS3600 and i500, a significant difference was observed between the 2 IOSs (P < 0.001). CS3600 showed signifi-
cantly higher trueness than i500 (P < 0.001).

Table 3 shows the interaction effects on trueness according to the type of IOS, the subgingival finish line 
depth, the use of the gingival cord, and the evaluation region. When all the evaluated variables were compared, 
significant differences were observed in RMS values (P < 0.001). Significant differences was found when the 
interaction effect for each of the 3 sources (Depth of subgingival finish line, gingival displacement cord, and 
evaluated region) was observed for the intraoral scanner (P < 0.001). Significant differences was found when the 
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interaction effect for each of the 2 sources (depth of subgingival finish line, evaluated region) was observed ofr 
the gingival displacement cord (P < 0.001). Significant difference was observed when the interaction effects on 
the intraoral scanner, depth of subgingival finish line, and gingival displacement cord were observed (P < 0.001).

Table 4 presents a comparison of the difference in surface area between CRM and CTM according to the 
subgingival finish line depth. When the gingival cord was not used, both IOSs had a significant difference in the 
surface area of the abutment according to the subgingival finish line depth (P < 0.001). The difference in surface 
area was the highest at the subgingival finish line depth of 1-mm (CS3600: 15.4  mm2, i500: 16.6  mm2). When 
using the gingival cord, it was confirmed that the reduction in the surface area of the abutment was reduced for 
both IOSs (Table 4). However, even with the use of the gingival cord, it was confirmed that the surface area of 
the scanned data decreased when comparing CRM and CTM.

Table 1.  Comparison of trueness according to subgingival finish line depth without gingival displacement 
cord. Significant difference by *one-way ANOVA and **independent t test (P < 0.05). Same superscript 
uppercase letters are not significantly different according to Tukey HSD test (P < 0.05). †Comparison of 
trueness according to depth, ††comparison of trueness according to evaluated region, and †††comparison of 
trueness according to intraoral scanner.

IOS Evaluated region Depth (mm) Mean SD

95% CI

Minimum Maximum P† P†† P†††Lower Upper

CS3600

Prepared teeth

0 11.2A 0.9 10.7 11.6 10.1 12.9

 < 0.001*

 < 0.001*

 < 0.001**

0.25 14.4B 1.9 13.5 15.3 11.7 17.7

0.5 30.4C 1.9 29.5 31.3 25.4 35.3

0.75 29.7C 1.3 29.1 30.4 28.0 31.9

1 74.0D 6.1 71.1 76.9 63.8 90.6

Marginal region

0 20.2A 2.1 19.1 21.2 17.4 24.1

 < 0.001*

0.25 46.9B 6.8 43.6 50.1 38.4 60.5

0.5 101.3C 6.1 98.4 104.2 89.0 115.3

0.75 93.0D 5.7 90.3 95.7 84.7 103.8

1 228.2E 6.7 225.1 231.4 219.5 239.2

Axial region

0 10.8AB 1.1 10.2 11.3 8.4 12.5

0.002*

0.25 10.9AB 2.3 9.8 12.0 6.9 15.2

0.5 12.4B 2.6 11.2 13.7 9.6 21.4

0.75 9.5A 2.1 8.5 10.5 7.2 16.7

1 10.8AB 2.0 9.8 11.7 7.7 14.4

Occlusal region

0 6.9A 0.5 6.6 7.1 5.9 8.0

 < 0.001*

0.25 8.6BC 1.0 8.1 9.1 7.3 11.4

0.5 9.2C 2.1 8.2 10.2 7.6 17.7

0.75 7.7AB 1.0 7.2 8.2 6.1 10.5

1 8.0AB 1.0 7.5 8.5 6.6 11.1

i500

Prepared teeth

0 22.5A 1.9 21.6 23.3 20.3 27.8

 < 0.001*

 < 0.001*

0.25 29.3B 4.5 27.2 31.4 23.1 41.2

0.5 54.6C 5.1 52.2 57.0 46.6 64.3

0.75 54.0C 6.7 50.8 57.1 40.9 65.6

1 123.8D 7.9 120.1 127.5 110.0 146.2

Marginal region

0 30.7A 2.4 29.5 31.8 27.3 36.6

 < 0.001*

0.25 73.0B 14.9 66.0 80.0 49.7 105.1

0.5 132.4C 11.5 127.0 137.9 108.2 152.1

0.75 141.4C 17.8 133.1 149.8 109.5 170.8

1 255.6D 8.0 251.9 259.4 242.5 271.2

Axial region

0 24.2A 3.0 22.8 25.7 20.9 32.5

 < 0.001*

0.25 22.0A 2.6 20.7 23.2 17.6 28.9

0.5 34.4B 4.0 32.5 36.3 28.0 41.2

0.75 32.7B 3.2 31.2 34.2 26.0 37.9

1 46.8C 7.9 43.1 50.5 32.3 62.6

Occlusal region

0 15.4A 1.4 14.7 16.1 12.9 18.5

 < 0.001*

0.25 14.8A 1.2 14.2 15.4 11.8 17.0

0.5 20.0B 2.0 19.1 21.0 16.7 23.5

0.75 19.7B 1.7 18.9 20.5 16.9 23.3

1 18.5B 2.7 17.2 19.8 14.6 23.5
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Discussion
In this study, there was a significant difference in the trueness of the IOSs according to the depth (0-mm, 0.25-
mm, 0.5-mm, 0.75-mm, and 1-mm) of the subgingival finish line. Previous studies have confirmed the results of 
the accuracy of IOSs, but studies on the trueness evaluation of IOSs according to the location of the finish line 
are still insufficient. Brawek et al.33 and Shim et al.34 reported that the clinically recommended scan accuracy is 
less than 100 µm. Son et al.19 reported that the trueness of the marginal region at the location of the subgingival 
finish line (0.5-mm below the level of the gingival) was the worst. In this study, with positioning the subgin-
gival finish line at 0.5-mm depth, the trueness of both IOSs exceeded 100 µm in the marginal region (CS3600: 
101.3 ± 6.1 µm; i500: 132.4 ± 11.5 µm). Also, it showed the worst trueness at 1-mm depth of the marginal region 
(CS3600: 228.2 ± 6.7 µm; i500: 255.6 ± 8.0 µm). Therefore, the first null hypothesis was rejected.

In this study, there was a significant difference in the trueness of IOSs according to with and without gingival 
retraction. Therefore, the second null hypothesis was rejected. Son et al.19 reported that the trueness of both IOSs 
were improved when using a gingival displacement cord. Similarly in this study, the trueness of both IOSs did not 
exceed 100 µm in all areas regardless of the subgingival finish line depth when using gingival displacement cords. 
In this study, the trueness was improved by 90% (CS3600: 92%, i500: 89%) when using gingival displacement 
cords. Therefore, for the subgingival finish line, the use of gingival displacement cords is recommended for IOS.

Many previous studies have performed in vitro studies on the accuracy of  IOSs19,21,35–37. Son et al.19 conducted 
an experiment by adding a small amount of red pigment to semitransparent silicone to form the gingiva of 
adjacent teeth and abutment for gingival reappearance. Marotti et al.37 collected gingival tissue from the buccal 
region of pig mandibles to reproduce the oral environment and formed the gingiva. In this study, the gingiva of 
the adjacent teeth and abutment was formed by using the tissues of the neck region of a pig for similarity with 
the clinical environment. However, there are limitations because factors such as lips and cheek interference and 
tongue that appear in the actual oral environment are not considered.

Nedelcu et al.14 reported the accuracy of IOSs in the supragingival finish line and subgingival finish line of 
abutments. The accuracy was visualized and analyzed through the color difference map. It was found that the 
positive deviation was higher in the marginal region when acquiring scan data of subgingival finish line with 
some IOSs. It has been reported that this positive deviation of the finish line may cause short margins and inaccu-
rate fit during prosthesis fabrication. In this study Fig. 3 shows the 3D difference comparing the marginal regions 
of CRM and CTM as a color difference map. Both IOSs showed similar differences. When gingival displacement 
cords were not used, it was observed that the red zones in the marginal region widened as the depth increased 
(Fig. 3). These results may be due to the characteristics of the optical scanner to record only the visible region 

Figure 2.  Comparison of RMS values according to subgingival finish line depth. (A) CS3600 IOS and (B) i500 
IOS are without gingival displacement cords. (C) CS3600 IOS and (D) i500 IOS are with gingival displacement 
cords. Identical letters indicate that difference between groups is not significant (P ≥ 0.05).
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and the data processing technology to smoothly compensate the sharp or low point clouds acquisition region 
(Fig. 4)38,39. Additionally, this study showed that when the gingival displacement cord was inserted, almost no 
positive deviation was observed at all depths of the subgingival finish line and a small amount of negative devia-
tion was observed in the edge region of the finish line (Fig. 3). In previous studies, scanners were more accurate 
when scanning soft areas than when scanning sharp areas.38 This is because the software for postprocessing of the 
scanner’s scan data is changed to edges shorter than the original length by connecting and smoothly correcting 
gaps between the outermost points when scanning the sharp edges of the finish  line38. Therefore, the study results 
show that the surface area of the abutment is reduced because it was corrected by the scanner software when 
scanning the finish line even with the gingival cord. However, even though there was a decrease in the surface 
area of abutment when using the gingival cord, the trueness of the marginal region did not exceed 100 µm, so the 

Table 2.  Comparison of trueness according to depth of subgingival finish line with gingival displacement 
cord. Significant difference by *one-way ANOVA and **independent t test (P < 0.05). Same superscript 
uppercase letters are not significantly different according to Tukey HSD test (P < 0.05). †Comparison of 
trueness according to depth, ††comparison of trueness according to evaluated region, and †††comparison of 
trueness according to intraoral scanner.

IOS Evaluated region Depth (mm) Mean

SD 95% CI

Minimum Maximum P† P†† P†††Lower Upper

CS3600

Prepared teeth

0 12.2A 1.5 11.4 12.9 10.2 17.9

 < 0.001*

 < 0.001*

 < 0.001**

0.25 9.9B 1.1 9.3 10.4 8.0 12.3

0.5 11.9AC 1.7 11.1 12.7 9.0 15.8

0.75 11.3AC 1.1 10.8 11.9 9.2 13.7

1 10.7BC 1.1 10.2 11.3 8.8 13.2

Marginal region

0 21.1A 2.1 20.1 22.1 17.6 26.3

 < 0.001*

0.25 15.2B 1.6 14.4 15.9 13.0 19.1

0.5 16.4BC 2.8 15.1 17.8 11.9 22.5

0.75 17.8C 2.0 16.9 18.8 14.8 22.7

1 16.8BC 1.7 16.0 17.6 14.3 20.4

Axial region

0 11.4AB 2.7 10.1 12.7 8.9 22.3

0.003*

0.25 9.6A 1.7 8.8 10.4 6.9 13.4

0.5 11.8B 2.3 10.7 12.9 8.1 16.9

0.75 9.8A 1.9 8.9 10.7 6.3 14.1

1 9.9AB 1.8 9.1 10.8 6.8 13.7

Occlusal region

0 8.3AB 1.0 7.8 8.8 6.9 11.9

 < 0.001*

0.25 7.6A 0.7 7.3 7.9 6.7 9.4

0.5 9.5C 1.2 8.9 10.1 7.8 12.0

0.75 8.8BC 1.0 8.3 9.3 6.6 10.5

1 8.1AB 0.9 7.6 8.5 6.7 10.1

i500

Prepared teeth

0 22.6A 1.3 22.0 23.3 20.0 25.1

 < 0.001*

 < 0.001*

0.25 17.0B 0.8 16.6 17.4 15.7 18.5

0.5 20.8C 0.9 20.4 21.2 18.7 23.0

0.75 21.6C 1.0 21.1 22.1 19.5 24.5

1 19.7D 1.0 19.2 20.2 17.2 21.4

Marginal region

0 27.3A 2.2 26.2 28.3 23.0 30.4

0.001*

0.25 24.9B 1.6 24.1 25.7 22.7 28.2

0.5 25.7B 1.1 25.2 26.2 23.6 27.2

0.75 26.3AB 1.9 25.4 27.2 23.3 29.3

1 25.8AB 1.6 25.0 26.5 23.3 29.1

Axial region

0 23.7A 1.8 22.9 24.6 20.2 27.2

 < 0.001*

0.25 14.9B 1.5 14.2 15.6 12.7 19.3

0.5 22.1A 1.6 21.4 22.9 18.3 25.6

0.75 23.2A 1.2 22.6 23.8 21.7 27.2

1 20.2C 1.7 19.4 21.0 16.4 22.1

Occlusal region

0 18.7A 1.2 18.1 19.3 16.7 20.5

 < 0.001*

0.25 13.2B 0.8 12.8 13.5 11.4 15.0

0.5 15.8C 0.9 15.4 16.3 13.7 17.7

0.75 16.8D 1.2 16.2 17.4 14.4 19.2

1 15.0C 0.9 14.6 15.5 13.4 16.9
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trueness of IOSs was within the clinically acceptable range. Thus, further studies for better trueness are needed 
since the trueness was negatively affected by the characteristics of the IOS.

Although this in vitro study reproduced the clinical environment, the actual oral cavity could not be com-
pletely reproduced because the factors that could interfere with the scan were removed. Additional clinical trials 
should be performed considering factors such as the effects of chemical and physical gingival retraction and the 
presence or absence of saliva. Also, additional research is needed to confirm the fit of the prosthesis fabricated 
through the scan data since only the trueness of the IOSs was evaluated.

Table 3.  Results of ANOVA of intraoral scanner, depth of subgingival finish line, gingival displacement 
cord, and evaluated region. Significant difference by *independent t test, **one-way ANOVA, ***paired t test, 
****two-way ANOVA, and *****three-way ANOVA (P < 0.05).

Source P (order of RMS values)

Intraoral scanner < 0.001* (CS3600 < i500)

Depth of subgingival finish line < 0.001** (0-mm < 0.25-mm < 0.75-mm = 0.5-mm < 1-mm)

Gingival displacement cord < 0.001*** (with cord < without cord)

Evaluated region < 0.001** (occlusal < axial < prepared teeth < marginal)

Intraoral scanner × depth of subgingival finish line < 0.001****

Intraoral scanner × gingival displacement cord < 0.001****

Intraoral scanner × evaluated region < 0.001****

Gingival displacement cord × depth of subgingival finish line < 0.001****

Gingival displacement cord × evaluated region < 0.001****

Intraoral scanner × depth of subgingival finish line × gingival displacement cord < 0.001*****

Table 4.  Comparison of surface area difference according to depth of subgingival finish line. Significant 
difference by *one-way ANOVA, ** paired t test, and *** independent t test (P < 0.05). †Comparison of 
trueness according to depth, ††comparison of trueness according to gingival displacement cord usage, 
and †††comparison of trueness according to intraoral scanner. Same superscript uppercase letters are not 
significantly different according to Tukey HSD test (P < 0.05).

IOS With or without cord Depth (mm) Mean SD

95% CI

Minimum Maximum P† P†† P†††Lower Upper

CS3600

Without cord

0 7.7A 0.9 7.3 8.1 5.8 9.1

< 0.001*

< 0.001**

< 0.001***

0.25 7.1A 0.6 6.8 7.4 5.8 8.3

0.5 10.8B 1.2 10.2 11.4 8.6 13.4

0.75 9.5C 1.1 9.0 10.1 7.7 11.9

1 15.4D 0.6 15.0 15.7 13.9 17.0

With cord

0 5.5A 0.6 5.2 5.8 4.3 7.0

< 0.001*

0.25 3.4A 0.3 3.3 3.6 2.7 4.1

0.5 3.7B 0.5 3.4 3.9 2.9 4.7

0.75 3.6C 0.7 3.2 3.9 2.2 5.1

1 2.2D 0.3 2.0 2.3 1.7 2.9

i500

Without cord

0 4.8A 2.1 3.8 5.8 1.0 7.8

< 0.001*

< 0.001**

0.25 8.4B 0.9 8.0 8.9 6.4 10.4

0.5 14.3C 0.9 13.9 14.8 12.5 15.9

0.75 13.0D 1.3 12.3 13.6 10.5 15.8

1 16.6E 0.9 16.2 17.1 14.4 18.5

With cord

0 6.8A 1.2 6.2 7.4 4.8 8.9

0.002*

0.25 7.2AB 0.8 6.8 7.6 5.9 8.5

0.5 7.4AB 0.8 7.0 7.8 6.1 9.3

0.75 7.8B 0.5 7.5 8.0 7.0 8.8

1 7.7B 0.6 7.3 8.0 6.2 8.7
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Conclusion
Within the limitations of this in vitro study, the following conclusions can be drawn:

1. When the gingival displacement cord was not used, the trueness of IOSs decreased as the subgingival finish 
line depth increased.

2. The IOSs (CS3600 and i500) used in this study showed clinically acceptable scan trueness (< 100 µm) at a 
depth of up to 0.25-mm of subgingival finish line without gingival displacement cord but showed clinically 
acceptable scan trueness at a depth of up to 1-mm when the gingival displacement cord was used.

3. With the increase of the subgingival finish line depth without gingival displacement cord, the surface area 
of the abutment decreased.

4. The use of the gingival displacement cord improved surface area reduction, but the IOSs (CS3600 and i500) 
used in this study decreased all the surface areas of the abutments in the subgingival finish line regardless of 
the use of the gingival displacement cord.

5. The use of the gingival displacement cord improved the scanning trueness by 90%. Therefore, it is necessary 
to use the gingival displacement cord according to the clinical situation to improve scan trueness at the 
subgingival finish line.

Figure 3.  Comparison of color difference map of CS3600 and i500 IOSs according to subgingival finish line 
depth. (A) Depth of 0-mm with CS3600. (B) Depth of 0.25-mm with CS3600. (C) Depth of 0.5-mm with 
CS3600. (D) Depth of 0.75-mm with CS3600. (E) Depth of 1-mm with CS3600. (F) Depth of 0-mm with i500. 
(G) Depth of 0.25-mm with i500. (H) Depth of 0.5-mm with i500. (I) Depth of 0.75-mm with i500. (J) Depth of 
1-mm with i500. (a) Without gingival retraction. (b) With gingival retraction.
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