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SUMMARY:  19 
Here, we present a protocol to measure the degree of distortion at each part of the compete-20 
arch digital impression acquired from an intraoral scanner with 3D-printed metal phantom with 21 
standard geometries. 22 
 23 
ABSTRACT:  24 
Digital workflows have actively been used to produce dental restorations or oral appliances since 25 
dentists started to make digital impressions by acquiring 3D images with an intraoral scanner. 26 
Because of the nature of scanning the oral cavity in the patient’s mouth, the intraoral scanner is 27 
a handheld device with a small optical window, stitching together small data to complete the 28 
entire image. During the complete-arch impression procedure, a deformation of the impression 29 
body can occur and affect the fit of the restoration or appliance. In order to measure these 30 
distortions, a master specimen was designed and produced with a metal 3D printer. Designed 31 
reference geometries allow setting independent coordinate systems for each impression and 32 
measure x, y, and z displacements of the cylinder top circle center where the distortion of the 33 
impression can be evaluated. In order to evaluate the reliability of this method, the coordinate 34 
values of the cylinder are calculated and compared between the original computer-aided design 35 
(CAD) data and the reference data acquired with the industrial scanner. The coordinate 36 
differences between the two groups were mostly less than 50 µm, but the deviations were high 37 
due to the tolerance of 3D printing in the z coordinates of the obliquely designed cylinder on the 38 
molar. However, since the printed model sets a new standard, it does not affect the results of 39 
the test evaluation. The reproducibility of the reference scanner is 11.0 ± 1.8 μm. This test 40 
method can be used to identify and improve upon the intrinsic problems of an intraoral scanner 41 
or to establish a scanning strategy by measuring the degree of distortion at each part of the 42 
complete-arch digital impression. 43 
 44 
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INTRODUCTION:  45 
In the traditional dental treatment process, a fixed restoration or a removable denture is made 46 
on a model made of gypsum and impregnated with a silicone or irreversible hydrocolloid 47 
material. Because an indirectly made prosthesis is delivered in the oral cavity, a lot of research 48 
has been done to overcome the errors caused by a series of such manufacturing processes1,2. 49 
Recently, a digital method is used to fabricate a prosthesis through the CAD process by 50 
manipulating models in the virtual space after acquiring 3D images instead of making 51 
impressions3. In the early days, such an optical impression method was used in a limited range 52 
such as a dental caries treatment of one or a small number of teeth. However, as the base 53 
technology of the 3D scanner was developed, a digital impression for the complete arch is now 54 
used for the fabrication of large-scale fixed restorations, removable restorations such as a partial 55 
or full denture, orthodontic appliances, and implant surgical guides4–7. The accuracy of the digital 56 
impression is satisfactory in a short region such as the unilateral arch. However, since the 57 
intraoral scanner is a handheld device that completes the entire dentition by stitching together 58 
the image obtained through a narrow optical window, the distortion of the model can be seen 59 
after completing the U-shaped dental arch. Thus, an appliance of a large range made on this 60 
model might not fit well in the patient’s mouth and require a lot of adjustment. 61 
 62 
Various studies have been reported on the accuracy of the virtual impression body obtained with 63 
an intraoral scanner, and there are various research models and measurement methods. 64 
Depending on the research subject, it can be divided into clinical research8–12 for actual patients 65 
and in vitro studies13–16 conducted in models separately produced for research. Clinical studies 66 
have the advantage of being able to evaluate the conditions of an actual clinical setting, but it is 67 
difficult to control the variables and increase the number of clinical cases indefinitely. The 68 
number of clinical studies is not large because there is a limit to being able to evaluate the desired 69 
variables. On the other hand, many in vitro studies that evaluate the basic performance of the 70 
intraoral scanner by controlling variables have been reported17. The research model also includes 71 
a partial or complete arch of natural teeth18–22 and a fully edentulous jaw with all teeth lost23, or 72 
the case where the dental implant is installed and spaced apart at a certain interval24–27, or a form 73 
in which the majority of the teeth remain and only a part of a tooth is missing16,28. However, 74 
studies on the distortion of the virtual impression body made by a handheld intraoral scanner 75 
have been limited to the qualitative evaluation of deviations through a color map created by 76 
superimposing it with reference data and expressed as one numerical value per data. It is difficult 77 
to accurately measure the 3D distortion of the complete arch because most studies only examine 78 
the localized portion of the dental arch with a nondirectional distance deviation. 79 
 80 
In this study, the distortion of the dental arch during optical impression with an intraoral scanner 81 
is investigated by using a standard model with a coordinate system. The aim of this study is to 82 
provide information on a method for evaluating the accuracy performance of the intraoral 83 
scanners which exhibit various characteristics by the difference in optical hardware and 84 
processing software. 85 
 86 
PROTOCOL:  87 
 88 
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1. Master specimen preparation  89 
 90 
1.1. Model preparation 91 
 92 
1.1.1. Remove the artificial teeth (left and right canines, second premolar, and the second molar) 93 
on the mandibular complete-arch model with only 1/5 of the cervical portion left. 94 
 95 
1.2. CAD design 96 
 97 
1.2.1. Acquire the data of the master specimen with a reference scanner. 98 
 99 
1.2.2. Design the cylinders (with a top diameter of 2 mm and a cylinder height of 7 mm) on top 100 
of the trimmed six teeth with the reverse engineering software. 101 
 102 
1.2.3. Add three reference spheres (3.5 mm in diameter) posterior to the left second molar for 103 
the purpose of defining the reference 3D coordinate system from the reverse engineering 104 
software. 105 
 106 
1.2.4. Locate one sphere on the distal side of the distal and buccal side of the cylinder on the left 107 
second molar so that the coordinates of all the cylinders have positive values. 108 
 109 
1.2.5. Design the left second molar cylinder so that it is inclined 30° medially and the right second 110 
molar cylinder so that it is tilted 30° distally. Set the other cylinders at right angles from the 111 
model. 112 
 113 
1.3. Metal 3D printing 114 
 115 
1.3.1. Manufacture a phantom model with CoCr alloy by a metal 3D printer to serve as a patient’s 116 
dentition (Figure 1). 117 
 118 
2. Reference data acquisition and software analysis 119 
 120 
2.1. Scan the phantom with the testing intraoral scanner. 121 
 122 
2.1.1. Obtain the reference image by scanning the metal phantom model with the industrial-level 123 
model scanner. 124 
 125 
2.2. Establish a coordinate system by extracting points from reference spheres. 126 
 127 
2.2.1. Load the reference image to the reverse engineering analysis software to calculate the 128 
reference coordinates of each cylinder position. 129 
 130 
2.2.2. Extract the sphere by selecting the Ref. geometry | Create | Sphere | Pick boundary points 131 
command and picking the four points on the surface of the reference sphere that are furthest 132 
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apart from each other (Supplemental Figure 1 and Supplemental Figure 2). 133 
 134 
2.2.3. Calculate the center of three reference spheres. 135 
 136 
2.2.4. Use the Ref. geometry | Create | Plane | Pick points command to connect the centers of 137 
three spheres and create a plane (Supplemental Figure 3). 138 
 139 
2.2.5. Set the formed plane as XY plane. 140 
 141 
2.2.6. Select the Ref. geometry | Create | Plane | Offset plane command to create a tangent 142 
plane above the xy plane (Supplemental Figure 4).  143 
 144 
2.2.7. Create points where the tangent plane and two lingual spheres meet by choosing the Ref. 145 
geometry | Create | Point | Project on ref. plane command (Supplemental Figure 5). 146 
 147 
2.2.8. Generate a plane between the points created and the center of the two lingual spheres by 148 
using the Ref. geometry | Create | Plane | Pick points command (Supplemental Figure 6).  149 
 150 
2.2.9. Measure the distance from this plane to the center of the buccal sphere with the Inspection 151 
| Dimension | Linear command (Supplemental Figure 7). 152 
 153 
2.2.10. Create a parallel plane that passes through the midpoint of the buccal sphere with the 154 
Geometry | Create | Plane | Offset Plane command (Supplemental Figure 8). 155 
 156 
2.2.11. Set the formed plane as YZ plane (Supplemental Figure 9). 157 
 158 
2.3. Set the x, y, and z axes. 159 
 160 
2.3.1. Set the center of the buccal sphere as the ‘origin’ of the coordinate system. 161 
 162 
2.3.2. Set a line parallel to the line connecting the center points of the remaining two spheres 163 
while traveling in the forward and backward direction of the model through the origin as the Y-164 
axis. 165 
 166 
2.3.3. Set the line on the xy plane that passes the origin and is perpendicular to the y axis as the 167 
X-axis. 168 
 169 
2.3.4. Use the Ref. geometry | Create | Coordinate | Pick origin & X, Y direction command to 170 
create a new coordinate system with the buccal sphere center as the origin (Supplemental Figure 171 
10). 172 
 173 
2.3.5. Set the line perpendicular to the xy plane and passing through the origin as the Z-axis 174 
(Supplemental Figure 11). 175 
 176 
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2.4. Transfer this detail from the scan coordinate system to the newly established coordinate 177 
system. 178 
 179 
2.4.1. Use the Ref. geometry | Bind to shell command to fix the geometries created during this 180 
process on top of the scan data (Supplemental Figure 12). 181 
 182 
2.4.2. Execute the Ref. geometry | Transform | Coordinate | Align coordinate command to 183 
transit from the basic coordinate system to the newly created coordinate system (Supplemental 184 
Figure 13). 185 
 186 
2.4.3. In this way, assign a coordinate system to the metal master specimen with reference to 187 
the three reference spheres (Supplemental Figure 14). 188 
 189 
2.5. Extract the measurement points from the cylinders at the main area.  190 
 191 
2.5.1. Extract the x, y, and z coordinates for the upper circle centers of six cylinders to be analyzed 192 
for the distortion of the specified regions by the reverse engineering process. 193 
 194 
2.5.2. For this, use the Ref. geometry | Create | Cylinder | Pick boundary points command and 195 
specify at least 10 points on the top border of the cylinder and designate the same amount of 196 
points on the ellipse that meets the tooth at the bottom of the cylinder (Supplemental Figure 15, 197 
Supplemental Figure 16, and Supplemental Figure 17). 198 
 199 
2.5.3. Obtain the extracted coordinates of the cylinder top center. Evaluate the 3D deformation 200 
at each position by comparing it with the coordinate values of the same cylinder of the digital 201 
impression acquired by the intraoral scanner to be evaluated. 202 
 203 
REPRESENTATIVE RESULTS:  204 
The coordinates of each cylinder calculated from the originally designed CAD data and the 205 
reference scan image of the 3D-printed metal master specimen scanned by the industrial-level 206 
model scanner are shown in Table 1. The difference between the two showed a value of lower 207 
than 50 µm, but the z coordinate value of the right second molar cylinder from the 3D-printed 208 
master specimen was low. Although the metal phantom was produced from a high-end industrial 209 
3D printer, a small difference in the height of one cylinder was found. While the design was done 210 
with CAD software, the metal phantom was used as a reference which was scanned with the 211 
various testing intraoral scanners, and the difference was negligible. If another evaluator 212 
fabricates a new phantom from the same shared data and executes the same process, the 213 
phantom should be scanned again with an industrial-level reference scanner to obtain reference 214 
coordinates and then proceed with the subsequent process. Table 2 shows the coordinates of 215 
the master specimen which was scanned five times with an industrial scanner. Evaluating from 216 
the standard deviation, the average deviation was 45 µm, showing a large deviation in the y 217 
coordinate value of the right second molar cylinder. It could be concluded that the precision of 218 
the reference scanner was good enough for extracting the reference coordinates of point zero 219 
and six cylinders. 220 



   

Page 5 of 6  revised November 2017 
 

 221 
The evaluation of the reproducibility of the reference scanner was conducted through overlap 222 
comparison among five datasets of the metal master specimen scanned with the reference 223 
scanner. A total of 10 pairs were aligned and evaluated. The deviation of each pair resulted in 224 
reproducibility of 0.011 ± 0.002 mm (Table 3). The reproducibility of the reference scanner was 225 
calculated differently, and it was concluded that the results from both methods were reliable and 226 
the latter could be omitted. 227 
 228 
FIGURE AND TABLE LEGENDS:  229 
 230 
Figure 1: Design and manufacturing process of a phantom model for the distortion evaluation. 231 
(A) Originally designed CAD data. (B) 3D-printed master specimen made of CoCr alloy. 232 
 233 
Supplemental Figure 1: Extract sphere picking points. 234 
 235 
Supplemental Figure 2: Picking points on the surface of the reference sphere. 236 
 237 
Supplemental Figure 3: Creation of the XY plane by picking the center of three spheres. 238 
 239 
Supplemental Figure 4: Creation of the offset plane, half a diameter of the sphere above the XY 240 
plane. 241 
 242 
Supplemental Figure 5: Creation of the points where the offset plane and two lingual spheres 243 
meet. 244 
 245 
Supplemental Figure 6: Creation of the plane that passes both centers of the lingual spheres by 246 
picking four points. 247 
 248 
Supplemental Figure 7: Measurement of the distance from this plane to the center of the buccal 249 
sphere. 250 
 251 
Supplemental Figure 8: Creation of the parallel plane that passes through the center of the 252 
buccal sphere. 253 
 254 
Supplemental Figure 9: Setting of the formed plane as YZ plane. 255 
 256 
Supplemental Figure 10: Creation of a new coordinate system with the center of the buccal 257 
sphere as origin. 258 
 259 
Supplemental Figure 11: Setting of the line perpendicular to the XY plane and passing through 260 
the buccal sphere center as the Z-axis. 261 
 262 
Supplemental Figure 12: Fixing of the created geometries to the scan data. 263 
 264 
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Supplemental Figure 13: Transfer of the basic coordinate system to the newly created 265 
coordinate system. 266 
 267 
Figure 14: Checking whether the origin and coordinate system are correctly moved to the one 268 
extracted from the scan data. 269 
 270 
Supplemental Figure 15: Using the Pick boundary points command to extract the cylinder. 271 
 272 
Supplemental Figure 16: Picking sufficient points on the top circle and bottom ellipse around 273 
the cylinder. 274 
 275 
Supplemental Figure 17: Checking whether the extracted cylinder was reverse engineered 276 
correctly. 277 
 278 
Table 1: Differences in cylinders’ coordinates between CAD data and the 3D-printed metal 279 
master specimen. Unit: mm. 280 
 281 
Table 2: Cylinders’ coordinates of reference datasets acquired from the 3D-printed metal 282 
master specimen. Unit: m. 283 
 284 
Table 3: Precision of the dataset acquired from the reference scanner. Unit: µm. 285 
 286 
DISCUSSION:  287 
Among the studies evaluating the accuracy of the intraoral scanner by evaluating the resultant 288 
digital impression body, the most common method is to superimpose the digital impression data 289 
on the reference image and calculate the shell-to-shell deviation12–15,20,23. However, this method 290 
is limited to calculating the deviation value from the paired data or evaluating the distribution 291 
qualitatively through the color map. In a study which measured the deviation of the local site by 292 
selecting points to be analyzed on the color map, the deviation in the x, y, and z direction was 293 
not considered29. In addition, these methods have limitations in that they should be analyzed 294 
after overlapping with reference data. Alignment can vary from one data point to another, and 295 
the results vary depending on the sorting criteria. In clinical trials involving patients, it is difficult 296 
to apply these methods because it is not possible to scan the complete dental arch through the 297 
mouth with an industrial scanner located outside the oral cavity.  298 
 299 
In this study, a master specimen made of metal, which is less affected by temperature and 300 
humidity, was proposed. The coordinate system for the specific 3D-printed metal specimen was 301 
set and the six cylinders’ position coordinates were calculated in advance. In this way, regardless 302 
of the intraoral scanner, an individual coordinate system was formed from each digital 303 
impression through the reference spheres of the scan data so that the analysis could be 304 
performed with the scanned data only, without the reference image superimposition. The 305 
reference image obtained with the high-precision industrial reference scanner was used only to 306 
acquire the coordinate values of the six cylinders when the metal master specimen was first 307 
produced. The comparative evaluation between the reference and intraoral scan data was done 308 
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just by simple arithmetic calculation through coordinate values. In addition, since the deviations 309 
in the x, y, and z directions of the cylinder coordinates were expressed as positive and negative 310 
values, 3D positional changes were shown for each region. Therefore, the method used in this 311 
study is suitable for evaluating the data distortion of the handheld device, the oral scanner. Since 312 
the deviation of the cylinder coordinates in the x, y, and z direction was displayed with positive 313 
and negative values, a 3D position change of each location becomes obvious. Therefore, the 314 
method used in this study is suitable for evaluating the distortion of digital impression data 315 
acquired with the handheld intraoral scanner. 316 
 317 
Most of the coordinate values of each cylinder calculated from the original CAD data and the 318 
reference image of the metal master specimen showed values of less than 50 µm. This is related 319 
to the performance peculiar to metal 3D printers. Since the master specimen after 3D printing is 320 
used as a new reference rather than using standard CAD data, the limitations of these 3D printers 321 
do not need to be considered. The change in the master specimen was large at the z coordinate 322 
of the right second molar. It was because the cylinder was tilted distally and the length of the 323 
cylinder exposed above the tooth was short, which was disadvantageous for the reverse 324 
engineering process. Also, the cylinder’s upper circle of this tooth was inclined to the xy plane of 325 
the 3D printer when metal printing was performed in this study. It seems that the characteristics 326 
of the 3D printer, in which xy accuracy and z accuracy are expressed separately, were also 327 
reflected. In future research, designing and using all cylinders without tilting can be a good 328 
alternative. 329 
 330 
If there is a cost problem in fabricating a master specimen with a metal 3D printer, it can be made 331 
of gypsum or resin. As the new coordinate system was set and the coordinates of the six cylinders 332 
were calculated after specimen fabrication, the dimensional change that could be caused by the 333 
expansion and contraction of the material during the manufacturing process does not affect the 334 
final result. However, when using such a specimen for a long period of time, there may be a slight 335 
volume change due to moisture and temperature, and there is a possibility that it will be 336 
deformed due to breakage or abrasion. Therefore, a calibration procedure is required to 337 
periodically calculate the cylinder coordinate value with a reference scanner. In addition, instead 338 
of using an industrial reference scanner, the coordinate measuring machine (CMM) may be used 339 
to measure the reference coordinates of the master specimen. In this case, it is recommended 340 
to carry out a superimposing investigation with reference data for the purpose of evaluating the 341 
complicated tooth surface in addition to the deviation inspection through the coordinates of 342 
cylinders. 343 
 344 
The limitations of this method are that the time required for reverse engineering analysis 345 
becomes longer when the number of digital impressions to be evaluated increases. However, 346 
recently introduced 3D image analysis software enables inspection automation through a macro 347 
function. Since the global shape of the master specimen is the same, it is possible to shorten the 348 
analysis time by automating the coordinate system setting and the cylinder coordinate 349 
calculation of the acquired digital impression. 350 
 351 
By measuring the degree of distortion in each part of the complete-arch digital impression as a 352 
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numerical value, it can be used to find and improve the inherent problems of the intraoral 353 
scanner to be evaluated for its performance. Since the intraoral scanner is a complicated optical 354 
device consisting of a projection lamp, a lens, a lens barrel, a camera, etc., hardware 355 
consideration factors are large. Also, a software algorithm that enables stitching together the 356 
acquired 3D data in real-time at more than 30 frames per second is also important19. It is possible 357 
to evaluate and improve the performance of the intraoral scanner by understanding the 358 
relationship between the recurrence pattern of the metal master specimen and the 359 
consideration factors of intraoral scanners. The scanning strategy determined by the direction 360 
and sequence of acquiring images is also an important element for acquiring digital 361 
impressions30. This method can be used to establish a strategy that minimizes deformation. 362 
 363 
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Table 1: 

CAD
3D 

printed

data

metal 

master 

specimen

x 7.897 7.875 0.022

y 6.418 6.373 0.045

z 7.312 7.265 0.047

x 8.481 8.427 0.054

y 26.045 25.99 0.055

z 7.846 7.846 0

x 11.889 11.85 0.04

y 40.16 40.106 0.054

z 8.346 8.409 -0.063

x 37.246 37.196 0.051

y 45.738 45.686 0.052

z 9.445 9.5 -0.055

x 47.21 47.178 0.032

y 35.115 35.081 0.034

z 8.707 8.708 -0.001

x 56.397 56.386 0.011

y 13.038 13.041 -0.002

z 7.558 7.451 0.107

Differenc

e

37i

35i

33i

43i

45i

47i
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Table 2

Ref. 1 Ref. 2 Ref. 3 Ref. 4 Ref. 5 Mean  SD

x 7.856 7.874 7.871 7.89 7.885 7.875  0.013

y 6.406 6.375 6.358 6.356 6.368 6.373  0.020

z 7.259 7.274 7.269 7.265 7.258 7.265  0.007

x 8.435 8.379 8.393 8.471 8.46 8.427  0.040

y 26.032 25.98 25.996 25.962 25.979 25.990  0.026

z 7.838 7.883 7.837 7.858 7.816 7.846  0.025

x 11.839 11.779 11.794 11.925 11.91 11.850  0.066

y 40.129 40.085 40.112 40.097 40.106 40.106  0.017

z 8.372 8.485 8.391 8.414 8.381 8.409  0.046

x 37.177 37.115 37.155 37.269 37.262 37.196  0.068

y 45.711 45.723 45.725 45.622 45.65 45.686  0.047

z 9.437 9.568 9.541 9.498 9.457 9.500  0.055

x 47.15 47.123 47.142 47.246 47.23 47.178  0.056

y 35.109 35.148 35.135 34.988 35.025 35.081  0.071

z 8.609 8.785 8.728 8.738 8.681 8.708  0.067

x 56.369 56.373 56.371 56.409 56.407 56.386  0.020

y 13.085 13.122 13.114 12.923 12.959 13.041  0.093

z 7.349 7.445 7.457 7.527 7.478 7.451  0.065

47i

37i

35i

33i

43i

45i
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Table 3

Precision 1 2 3 4 5 6 7 8

Reference scanner8.3 12.4 9.5 13.2 11.7 8 12.1 10.7
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12.1 11.8 11.0  1.8



Name of Material/ Equipment Company Catalog Number Comments/Description

EOS CobaltChrome SP2

Electro 

Oprical 

Systems H051601 Powder type metal alloy for 3D printing

Geomagic Verify

3D 

Systems 2015.2.0 3D inspection software

Prosthetic Restoration Jaw Model

Nissin 

Dental 

Products 

Inc. Mandibular complete-arch model

Rapidform

Inus 

technolog

y

RF90600-10004-

010000 Reverse engineering software

stereoSCAN R8

AICON 3D 

Systems 

GmbH Industrial-level model scanner
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ARTICLE AND VIDEO LICENSE AGREEMENT 

Title of Article: 

Author(s):  

Item 1 (check one box): The Author elects to have the Materials be made available (as described at 

http://www.jove.com/author) via:      Standard Access       Open Access 

Item 2 (check one box): 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 

course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 

course of his or her duties as a United States government employee. 

ARTICLE AND VIDEO LICENSE AGREEMENT 

1. Defined Terms.  As used in this Article and Video License

Agreement, the following terms shall have the following

meanings: “Agreement” means this Article and Video License

Agreement; “Article” means the article specified on the last

page of this Agreement, including any associated materials

such as texts, figures, tables, artwork, abstracts, or summaries 

contained therein; “Author” means the author who is a

signatory to this Agreement; “Collective Work” means a work,

such as a periodical issue, anthology or encyclopedia, in which

the Materials in their entirety in unmodified form, along with a

number of other contributions, constituting separate and

independent works in themselves, are assembled into a

collective whole; “CRC License” means the Creative Commons

Attribution-Non Commercial-No Derivs 3.0 Unported

Agreement, the terms and conditions of which can be found

at: http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based

upon the Materials or upon the Materials and other pre-

existing works, such as a translation, musical arrangement,

dramatization, fictionalization, motion picture version, sound

recording, art reproduction, abridgment, condensation, or any

other form in which the Materials may be recast, transformed,

or adapted; “Institution” means the institution, listed on the

last page of this Agreement, by which the Author was

employed at the time of the creation of the Materials; “JoVE”

means MyJove Corporation, a Massachusetts corporation and

the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties” 

means the Author and JoVE; “Video” means any video(s) made

by the Author, alone or in conjunction with any other parties,

or by JoVE or its affiliates or agents, individually or in

collaboration with the Author or any other parties,

incorporating all or any portion of the Article, and in which the

Author may or may not appear.

2. Background.  The Author, who is the author of the Article,

in order to ensure the dissemination and protection of the

Article, desires to have the JoVE publish the Article and create

and transmit videos based on the Article.  In furtherance of

such goals, the Parties desire to memorialize in this Agreement

the respective rights of each Party in and to the Article and the

Video.

3. Grant of Rights in Article.  In consideration of JoVE agreeing

to publish the Article, the Author hereby grants to JoVE,

subject to Sections 4 and 7 below, the exclusive, royalty-free,

perpetual (for the full term of copyright in the Article,

including any extensions thereto) license (a) to publish,

reproduce, distribute, display and store the Article in all forms,

formats and media whether now known or hereafter

developed (including without limitation in print, digital and

electronic form) throughout the world, (b) to translate the

Article into other languages, create adaptations, summaries or

extracts of the Article or other Derivative Works (including,

without limitation, the Video) or Collective Works based on all

or any portion of the Article and exercise all of the rights set

forth in (a) above in such translations, adaptations,

summaries, extracts, Derivative Works or Collective Works and

(c) to license others to do any or all of the above.  The

foregoing rights may be exercised in all media and formats,

whether now known or hereafter devised, and include the

right to make such modifications as are technically necessary

to exercise the rights in other media and formats.  If the “Open

Access” box has been checked in Item 1 above, JoVE and the

Author hereby grant to the public all such rights in the Article

as provided in, but subject to all limitations and requirements

set forth in, the CRC License.
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ARTICLE AND VIDEO LICENSE AGREEMENT 

4. Retention of Rights in Article.  Notwithstanding the

exclusive license granted to JoVE in Section 3 above, the

Author shall, with respect to the Article, retain the non-

exclusive right to use all or part of the Article for the non-

commercial purpose of giving lectures, presentations or

teaching classes, and to post a copy of the Article on the

Institution’s website or the Author’s personal website, in each

case provided that a link to the Article on the JoVE website is

provided and notice of JoVE’s copyright in the Article is

included.  All non-copyright intellectual property rights in and

to the Article, such as patent rights, shall remain with the

Author.

5. Grant of Rights in Video – Standard Access.  This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above.  In

consideration of JoVE agreeing to produce, display or

otherwise assist with the Video, the Author hereby

acknowledges and agrees that, Subject to Section 7 below,

JoVE is and shall be the sole and exclusive owner of all rights of

any nature, including, without limitation, all copyrights, in and

to the Video.  To the extent that, by law, the Author is

deemed, now or at any time in the future, to have any rights

of any nature in or to the Video, the Author hereby disclaims

all such rights and transfers all such rights to JoVE. 

6. Grant of Rights in Video – Open Access.  This Section 6
applies only if the “Open Access” box has been checked in

Item 1 above.  In consideration of JoVE agreeing to produce,

display or otherwise assist with the Video, the Author hereby

grants to JoVE, subject to Section 7 below, the exclusive,

royalty-free, perpetual (for the full term of copyright in the

Article, including any extensions thereto) license (a) to publish,

reproduce, distribute, display and store the Video in all forms,

formats and media whether now known or hereafter

developed (including without limitation in print, digital and

electronic form) throughout the world, (b) to translate the

Video into other languages, create adaptations, summaries or

extracts of the Video or other Derivative Works or Collective

Works based on all or any portion of the Video and exercise all

of the rights set forth in (a) above in such translations,

adaptations, summaries, extracts, Derivative Works or

Collective Works and (c) to license others to do any or all of

the above.  The foregoing rights may be exercised in all media

and formats, whether now known or hereafter devised, and

include the right to make such modifications as are technically

necessary to exercise the rights in other media and formats.

For any Video to which this Section 6 is applicable, JoVE and 

the Author hereby grant to the public all such rights in the

Video as provided in, but subject to all limitations and

requirements set forth in, the CRC License.

7. Government Employees.  If the Author is a United States

government employee and the Article was prepared in the

course of his or her duties as a United States government

employee, as indicated in Item 2 above, and any of the

licenses or grants granted by the Author hereunder exceed the

scope of the 17 U.S.C. 403, then the rights granted hereunder

shall be limited to the maximum rights permitted under such

statute.  In such case, all provisions contained herein that are 

not in conflict with such statute shall remain in full force and 

effect, and all provisions contained herein that do so conflict 

shall be deemed to be amended so as to provide to JoVE the 

maximum rights permissible within such statute. 

8. Likeness, Privacy, Personality.  The Author hereby grants

JoVE the right to use the Author’s name, voice, likeness,

picture, photograph, image, biography and performance in any

way, commercial or otherwise, in connection with the

Materials and the sale, promotion and distribution thereof.

The Author hereby waives any and all rights he or she may

have, relating to his or her appearance in the Video or

otherwise relating to the Materials, under all applicable

privacy, likeness, personality or similar laws.

9. Author Warranties.  The Author represents and warrants

that the Article is original, that it has not been published, that

the copyright interest is owned by the Author (or, if more than

one author is listed at the beginning of this Agreement, by

such authors collectively) and has not been assigned, licensed,

or otherwise transferred to any other party. The Author

represents and warrants that the author(s) listed at the top of

this Agreement are the only authors of the Materials.  If more

than one author is listed at the top of this Agreement and if

any such author has not entered into a separate Article and

Video License Agreement with JoVE relating to the Materials,

the Author represents and warrants that the Author has been

authorized by each of the other such authors to execute this

Agreement on his or her behalf and to bind him or her with

respect to the terms of this Agreement as if each of them had

been a party hereto as an Author. The Author warrants that

the use, reproduction, distribution, public or private

performance or display, and/or modification of all or any

portion of the Materials does not and will not violate, infringe

and/or misappropriate the patent, trademark, intellectual

property or other rights of any third party.  The Author

represents and warrants that it has and will continue to

comply with all government, institutional and other

regulations, including, without limitation all institutional,

laboratory, hospital, ethical, human and animal treatment,

privacy, and all other rules, regulations, laws, procedures or

guidelines, applicable to the Materials, and that all research

involving human and animal subjects has been approved by

the Author's relevant institutional review board.

10. JoVE Discretion.  If the Author requests the assistance of

JoVE in producing the Video in the Author’s facility, the Author

shall ensure that the presence of JoVE employees, agents or

independent contractors is in accordance with the relevant

regulations of the Author's institution.  If more than one

author is listed at the beginning of this Agreement, JoVE may, 

in its sole discretion, elect not take any action with respect to

the Article until such time as it has received complete,

executed Article and Video License Agreements from each

such author.  JoVE reserves the right, in its absolute and sole

discretion and without giving any reason therefore, to accept

or decline any work submitted to JoVE.  JoVE and its

employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the 

Author’s institution as necessary to make the Video, whether 

actually published or not.  JoVE has sole discretion as to the 

method of making and publishing the Materials, including, 

without limitation, to all decisions regarding editing, lighting, 

filming, timing of publication, if any, length, quality, content 

and the like. 

 

11.  Indemnification.  The Author agrees to indemnify JoVE 

and/or its successors and assigns from and against any and all 

claims, costs, and expenses, including attorney’s fees, arising 

out of any breach of any warranty or other representations 

contained herein.  The Author further agrees to indemnify and 

hold harmless JoVE from and against any and all claims, costs, 

and expenses, including attorney’s fees, resulting from the 

breach by the Author of any representation or warranty 

contained herein or from allegations or instances of violation 

of intellectual property rights, damage to the Author’s or the 

Author’s institution’s facilities, fraud, libel, defamation, 

research, equipment, experiments, property damage, personal 

injury, violations of institutional, laboratory, hospital, ethical, 

human and animal treatment, privacy or other rules, 

regulations, laws, procedures or guidelines, liabilities and 

other losses or damages related in any way to the submission 

of work to JoVE, making of videos by JoVE, or publication in 

JoVE or elsewhere by JoVE.  The Author shall be responsible 

for, and shall hold JoVE harmless from, damages caused by 

lack of sterilization, lack of cleanliness or by contamination 

due to the making of a video by JoVE its employees, agents or 

independent contractors.  All sterilization, cleanliness or 

decontamination procedures shall be solely the responsibility 

of the Author and shall be undertaken at the Author’s 

expense.  All indemnifications provided herein shall include 

JoVE’s attorney’s fees and costs related to said losses or 

damages.  Such indemnification and holding harmless shall 

include such losses or damages incurred by, or in connection 

with, acts or omissions of JoVE, its employees, agents or 

independent contractors. 

 

12.  Fees.  To cover the cost incurred for publication, JoVE 

must receive payment before production and publication the 

Materials. Payment is due in 21 days of invoice. Should the 

Materials not be published due to an editorial or production 

decision, these funds will be returned to the Author. 

Withdrawal by the Author of any submitted Materials after 

final peer review approval will result in a US$1,200 fee to 

cover pre-production expenses incurred by JoVE.  If payment is 

not received by the completion of filming, production and 

publication of the Materials will be suspended until payment is 

received. 

 

13.  Transfer, Governing Law.  This Agreement may be 

assigned by JoVE and shall inure to the benefits of any of 

JoVE’s successors and assignees.  This Agreement shall be 

governed and construed by the internal laws of the 

Commonwealth of Massachusetts without giving effect to any 

conflict of law provision thereunder.  This Agreement may be 

executed in counterparts, each of which shall be deemed an 

original, but all of which together shall be deemed to me one 

and the same agreement.  A signed copy of this Agreement 

delivered by facsimile, e-mail or other means of electronic 

transmission shall be deemed to have the same legal effect as 

delivery of an original signed copy of this Agreement.   

 

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission. 

 

CORRESPONDING AUTHOR: 

Name:   

Department:   

Institution:  

Article Title:  

Signature:   Date:  

 

Please submit a signed and dated copy of this license by one of the following three methods: 

1) Upload a scanned copy of the document as a pfd on the JoVE submission site; 

2) Fax the document to +1.866.381.2236; 

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139 

 

For questions, please email submissions@jove.com or call +1.617.945.9051 
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Authors’ response to the reviewers’ comments 

 

Re: Manuscript # JoVE59261 

 

We would like to extend our appreciation for taking the time and effort necessary to 

provide such insightful guidance. We have revised our paper and explained in response 

to the reviewers’ comments. We have exerted our best efforts to be completely 

responsive. We hope that these improve the paper such that the editor and the reviewers 

now deem it worthy of publication in The Journal of Visualized Experiments. 

 

EDITORIAL COMMENTS 

1. COMMENT: The editor has formatted the manuscript to match the journal's style. Please 

retain the same. 

RESPONSE: Thank you for reformatting the manuscript. The authors revised the 

manuscript while keeping style according to your recommendation. 

 

2. COMMENT: Please address all the specific comments marked in the manuscript. 

RESPONSE: The authors answered to each comment marked in the manuscript. 

 

3. COMMENT: Once done please highlight 2.75 pages of the protocol including headings and 

spacings that identifies the essential steps of the protocol for the video, i.e., the steps that should 

be visualized to tell the most cohesive story of the Protocol. 

RESPONSE: We have highlighted the protocol including headings and spacings that 

presents the essential steps of the protocol. Thank you for pointing it out. 

 

4. COMMENT: Please highlight 2.75 pages of the protocol which forms the most cohesive 

story and will be the part of the filming process. 

RESPONSE: We have highlighted the protocol which forms the most cohesive story. 
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5. COMMENT: Please include an ethics statement before the numbered protocol steps, 

indicating that the protocol follows the guidelines of your institution’s human/animal research 

ethics committee. 

RESPONSE: We have removed the embedded figures from the manuscript. Also, we have 

uploaded all figures separately to the editorial managing system. The titles and descriptions of 

each figure was placed after the Representative Results section. 

 

6. COMMENT: From whom? 

RESPONSE: We have utilized the ideal shape of artificial resin teeth and copied it 

through CAD software for the production of the metal master model, which we named as 

the phantom. The sentence has been edited accordingly. 

 

7. COMMENT: We cannot have commercial language in the manuscript. Please use generic 

term here and move this to the table of materials. 

RESPONSE: This study introduces useful tools for evaluating trueness and precision of 

intraoral scanners recently used in the dental clinic. To do this, we modified the dental 

arch model of ideal form and conducted a CAD design, and made a master phantom by 

3D printing with metal with less distortion to the surrounding environment. We can 

evaluate the accuracy performance of intraoral scanners, which were and will be 

introduced in the future to the dental area, objectively and reliably by assessing the scan 

data from this master phantom with the method proposed in this study. Of course, there is 

a high possibility of applying this method to humans, but in this study, we did not conduct 

experiments on humans or animals. Researchers do not need approval from the research 

ethics committee for the in-vitro study in Korea. Thank you for your understanding. 

 

8. COMMENT: Please reword the result with respect to your experiment, you performed an 

experiment, how did it helped you to conclude what you wanted to and how is it in line with the 

title.  

RESPONSE: We have amended the manuscript and added several sentences to draw 

conclusions. Thank you very much as your comments help us a lot. 

 



9. COMMENT: What do you conclude from this data? 

RESPONSE: The authors added conclusions at the end of each paragraph. 

 

10. COMMENT: Please obtain explicit copyright permission to reuse any figures from a 

previous publication. Explicit permission can be expressed in the form of a letter from the editor 

or a link to the editorial policy that allows re-prints. Please upload this information as a .doc 

or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the 

Figure Legend, i.e. “This figure has been modified from [citation].” 

RESPONSE: The authors didn’t include any figures which are reused from a previous 

publication. Thank you for pointing it out. 

 

11. COMMENT: Please convert and upload these as supplementary figures. As these will be 

shown in the video, probably 

RESPONSE: We have re-uploaded these figures as supplementary figures. 

 

 

We would like to extend our appreciation for taking the time and effort necessary to provide such 

insightful guidance. Thank you for your helpful comments and your consideration of this revised 

manuscript for publication in The Journal of Visualized Experiments.  
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