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1. Abstract

Aim: The aim of this study was to validate the 3D Sense scanner to evaluate its accuracy and
eventual use in odontology. Method: In this study, a model of a head was created with
anthropometric landmarks. The 3D Sense scanner was used for examinations of distances and
angle accuracy. The results of the 3D Sense scan were then compared to a reference master
model to get the standard deviation and reliability of the 3D Sense scanner. Results: The 3D
Sense scanner showed a varying accuracy depending on the positioning and distance between
the measuring points on the model. The best perception of the 3D Sense proved to be when
the scanner was held still in a static position. The more movement of the scanner, the less
accurate result. Conclusion: The present 3D scan analysis of 3D Sense proved overall a good
reliability and reproducibility. To implement the 3D Sense scanner in odontological
treatment, further studies are needed with refined technique in order to get all of the
measurement accurate.



2. Introduction

Profile radiographs are commonly used to evaluate skeletal and dental relations. To estimate
changes in facial soft tissue along with the orthodontic treatment clinicians need to be aware
of the effects on facial soft tissue due to skeletal and dental improvements . Since the
orthodontic treatment might influence the outcome of facial soft tissue development and
appearance, analyse of both the hard and soft tissue of the head is of interest for the clinicians
2,3

In previous studies the evaluation of soft tissue has been made to integrate esthetical outcome
into treatment planning #°. Many of these studies have relied on 2-dimensional photographic
and radiographic images. Only the lateral and frontal views are applied in the assessment
when using cephalometric or photometric images. Scalar information can be obtained from
2D cephalograms and their ability to describe 3-dimensional characteristics is therefore
limited. Facial surfaces however, have the 3D characteristics and can easily be examined **.
Another difficulty is the superimposition of several hard- and soft tissues in a cephalometric
radiograph that complicates the identification of landmarks in the x-ray. It is stated that this
moment causes the major source of cephalometric errors 1214,

For treatment planning of orthodontic patients, profile radiographs for cephalometric analysis
is commonly obtained, however the need of cephalometric analysis of lateral radiograph is
still questioned *°-18, New technology is in advance; clinicians today can produce a reliable 3-
dimensional image for evaluation without radiography, and expose adolescent patients for
minor ionizing radiation®® 2,

A 3-dimensional evaluation would contribute to a more comprehensive understanding of the
developing face and craniofacial structure .

In the clinical report by Bryan T. Harris et al. the 3D Sense scanner (3D system Rock Hill,
SC/ USA) was used to create a 3D virtual patient in combination with other techniques. -
Validation of the 3D Sense scanner was not mentioned in the report. Creating a digitizing 3D
virtual patient, the treatment planning might show a potential treatment outcome with
harmonizing facial features 2. It is also an effective communication tool between clinician,
patient and dental technician 2% 23,

Piero Antonio Zecca et al. compared in the clinical study, cephalometric radiographs with 3D
extraoral scans (PrimeSense Carmine 1.09) to investigate the possibility of using non-
ionizing minimal invasive diagnostic methods in orthodontic treatment. According to the
study, no validation of the extraoral scanner was made before the study. Although in
comparison to cephalograms it showed good accuracy in sagittal parameters and questionable
results in vertical parameters 24,

The reliability and validity of the extraoral laboratory scanner (Ortho Insight 3DTM
(Motionview Software, Hixson, TN/USA) was evaluated and compared to two different
intraoral scanners by Helder B. Jacob et al. with good accuracy . The results of the scans
were compared to show the accuracy of the different scanners. The validation shows a high
reliability. In this study, any individual validation of the three scanners were not mentioned.

Clinicians still prefer to use lateral cephalometric radiography as a diagnostic tool instead of
3D facial soft tissue scan because the absence of appropriate equipment and software with
reliable normative values 2°. In this study, a head model will be created with anthropometric
landmarks. The 3D Sense scanner will be used for examinations of distances and angle
accuracy. The results of the 3D Sense scan will then be compared to a reference master
model to get the standard deviation and reliability of the 3D Sense scanner. The aim of this
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study is to validate the 3D Sense scanner to evaluate its accuracy and its possible use in
odontology.

3. Material and methods

3D Sense (3D system, Rock Hill, SC/USA) is a low cost, portable 3-dimensional surface
scanner with, according to the manufacturer an accuracy of close to 1 millimeters with
resolution at 1mm. Scan range of between 177.8 and 1828.8 mm and a color resolution of
1920x1080 pixels. The operation range is 0.2-1.6m, and field of view -the angle of how wide
3D Sense is able to see: horizontal: 45°, vertical: 57.5°, diagonal: 69°.

The physical dimension of the sensor is 129 (w) x 179.8(h) x 33(d) millimeters and maximal
image throughput of 30 /fps .

The 3D Sense scanner was used to scan one of the authors head to create a model in 3D.
The master-CAD were created in the software _Fusion_360(Autodesk version 2.0, 2017).

Five anthropometric landmarks were chosen and numbered for this study and applied on the
master-CAD:

1. nasion (n)

2. pronasale (prn)

3. pogonion (pg)

4. tragus sinister (trs)
5. tragus dexter (trd)

The landmarks were designed in the form of cones
to be easily intercepted by the 3D Sense scanner.
(diameter of 4mm, height 10 mm)

Picture 1: Master-CAD with colored landmarks in
_Fusion_360(Autodesk version _2.0,_2017)

Additive manufacturing technique (Formlabs 2, PreForm Software 2.12.1) were used to print
the master model (Black V2, Photoreactive Resin for Formlabs) and post-cured process
following the manufacturers recommendation.
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Picture 2: object produced by 3D printing a scan of one of the authors head and then used
for the scanning sessions. Measuring points shown between the eyes (n), on the tip of the nose
(prn), the chin (pg), left tragus (trs) and rihgt tragus (trd).

A thin layer of Titaniumdioxide (3M™ High-Resolution Scanning Spray, St Paul USA) was
applied on the model according to the manufacturing recommendation for better perception
of the landmarks by the 3D Sense scanner.

The scanning took place in a room with general lighting and was accomplished by two
operators, 30 scans each for evaluation of intra-operator differences. Before any of the scans
were made, a time reference was set to 90 seconds, including 3 seconds countdown by the
program.

Each scan was made in the “object” function and by the same procedure to make sure every
scan would be as similar to each other as possible.

The distance between the scanner and the model was decided by the operating range of the
scanner set by the manufacturer (0.2-1.6 m). A green square appeared when the model was in
focus.

For validation of the 3D Sense the distances between the landmarks were measured and the
angle between prn and pg (prn’pg”trd) was evaluated.

3.1 Scanning protocol

The scanner was moved between the measuring points in order as follow:

Pronasale (2)> pogonion (3)> pronasale (2)> nasion (1) > tragus sinister (4) > Angle up to
profile > pronasale (2)> tragus dexter (5)> profile

Each created scan made by the 3D Sense scanner was saved as a 3D-object file and were
converted into STL-binary files in Autodesk Meshmixer (2015 Autodesk, Inc. version:
11.0.544). The STL-binary files were imported into Gom Inspect Professional (hotfix6 bulld
20170113).

In Gom Inspect the measuring points were numbered by (construct - point - point): n (1), prn
(2) pg (3) trs (4) trd (5)



In Gom Inspect the function Construct was used to calculate a coordinate system, the distance
between the points and the angle. To create the coordinate system the function local
coordinate system - by 3-2-1 was chosen: (plane: z1 - point 1, z2- point 2, z3- point 3. Line:
y1- point 2, y2- point 5. Point: x- point 4). The distance between points were measured with
the function- distance- 2-point distance: (point 1-2, 2-3, 2-4, 2-5). An angle was constructed
in the function - angle- 3-point angle: (angle point - 4, Point 1 -2 and Point 2 - 3.)

Point 1. .Point 2

1=l Nominal ev. Check
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Picture 3: The master-CAD with landmarks and measuring lines in Gom Inspect Professional
(hotfix6 bulld 20170113)

To evaluate the 3D Sense scanner, a reference scan was made by ATOS Capsule (Mv70
ScanBox 4105). The ATOS scanner is a high level industrial scanner validated for an
accuracy level <5 micrones. It was imported into Gom Inspect Professional (hotfix6 bulld
20170113) for the same measuring procedure described previously.

Student’s t-test was used to calculate mean values and variance in all the total 60 scans. The
significance of differences between the operators was determined.



4. Results

The result was submitted in the tables below.

The mean deviation between the master scan and the laboratory scans varies in the range of
0.01- 3.7 mm. The smallest mean deviation of distance measurements was found in n’prn (1-
2) which showed no significant differences from the master scan (0.053mm). Also, the angle
measurements showed a good accuracy (0.006°). However, measurements of trs’prn (4-2) and
trd’prn (5-2) represented the higher mean deviation and showed the lowest accuracy in this
study. No significant differences in inter-operator measurement were found.

Intra-operator values

Operator 1 Reference scan Mean Deviation
measurements
n’prn(1-2) 33.25 33.35 0.01
prn’pg (2-3) 57.72 55.48 -2.24
trs’prn (4-2) 101.47 97.77 -3.70
trd’prn (5-2) 99.32 95.66 -3.66
Angle 1 32.40 32.21 -0.19
Operator 2 Reference scan Mean Deviation
measurements
n’prn(1-2) 33.25 33.30 0.05
pm’pg (2-3) 57.72 55.52 -2.20
trs’prn (4-2) 101.47 98.12 -3.35
trd’prn (5-2) 99.32 95.96 -3.36
Angle 1 32.40 32.22 -0.18

Table 1: Reference scan compared with intra-operator mean measurements and shows the
deviation.



Standard deviation

Landmarks Standard deviation
n’prn(1-2) 0.06
pm’pg (2-3) 2.22
trs’prn (4-2) 3.52
trd’prn (5-2) 3.51
Angle 1 0.18

Table 2: Standard deviation for each distance measuring and the angle measurement

compared to the reference scan.

Inter-operator deviation

Landmarks Operator 1 Operator 2 Inter-operator
deviation
n’prn(1-2) 33.35 33.30 0.05
prn’pg (2-3) 55.48 55.52 0.04
trs’prn (4-2) 97.77 98.12 0.35
trd’prn (5-2) 95.66 95.96 0.30
Angle 1 32.21 32.22 0.01

Table 3: Deviation of Inter-operator differences calculated of the mean measurements.
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trd’prn (5-2) n’prn (1-2)
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trs’prn (4-2) prn’pg (2-3)

Picture 4: The figure above shows four fields that represent the different distances between
the landmarks. Each field are divided into two representing the two operators. Operator 1 in
the colour red and operator 2 in the colour blue. The center represents the value 0 and the
red and the blue dots represent the dispersion in the distance measurement during the scan
session and the inter- and intra operator differences between the operators, shown in mm.

n’prn (1-2) measurements in the first quarter showed a high accuracy (<1mm) with small
deviation in intra- and inter operator differences. prn’pg (2-3) measurements in the second
quarter shows a greater deviation and lower accuracy (<3,5 mm). In the third and fourth
quarters trs’prn (4-2) and trd prn (5-2), the accuracy is impaired and the measurements
shows a greater inter- and intra operator deviation.



5. Discussion

Since the purpose of this study was only to validate the 3D Sense scanners accuracy, the
landmarks were randomly chosen. The selection of landmarks is however inspired from
anthropometric landmarks that are used frequently in cephalometric analysis 2 and the
positioning of the landmarks is placed in easily detectable anatomical structures. To ensure
measuring accuracy between each scan, the landmarks were shaped as geometrical cones to
be easily perceived by the 3D Sense scanner.

Cephalometric analysis of a profile radiograph is based on the measurements of angles
between constructed horizontal and vertical lines picturing borders of skeletal and dental
structures 2°. Therefore, a random angle between the landmarks prn and pg (prn’pg”trd) was
chosen for validation. The scanning sessions were performed with the scanner in motion
around the model to capture all the facial structures. Each scanning session started up with
focusing on the frontal landmarks (n’prn), holding the scanner in a static straight forward
position. The 3D Sense shows no significant difference from the reference scan when
measuring the distance between these landmarks (n’prn) (the standard deviation was 0.057
mm). The distance trs’prn and trd’prn however, shows a significant difference with a
standard deviation of -3.524 mm respectively -3.507 mm. These results indicate that the
movement of the scanner seems to contribute to a less accurate measurement.

Since the landmarks (pg, prn) determines the size of the chosen angle (prn’pg”trd), the
accuracy of the angle is reliable with a standard deviation of -0.18 °. The result has no
correlation to the less accurate profile scanning. An angle depending on the distance in
sagittal plane would probably result in measuring errors. To get a more reliable result, a static
scan of the frontal view and profile in separate session could be an advantage in distance and
angle determination.

Prior to scanning, a time reference was set to 90 seconds (including 3 seconds’ countdown by
the program), although each scan came to vary within the time of 78-101 seconds. The 3D
Sense’s maximal image throughput is 30 frames per second (fps). On average, operator 2 had
a longer time per scan. Overall no significant differences between the operators were found.
Although the higher frame rate may have resulted in a slightly more accurate result and a
smaller standard deviation.

The low-cost extraoral 3D Sense is highly available for any clinician to buy and use on daily
basis. To be appropriate for odontological use the scanner must be able to detect and perceive
the facial structure in varying light conditions at the clinic. In this study, the scans were
made in general lighting, not in clinic environment. Only one scan was made on human face
structure, with all the variation of skin tones, to create the master-CAD 3D printed model.
The 3D model was printed in one color and the lack of color variations caused difficulties in
perception by the 3D Sense. Surface contrast agent (3M™ High-Resolution Scanning Spray,
St Paul USA) was therefore required and applied on the model.

Various 3D scanners have been used in several studies with odontological purposes and 3D
scanning seems to be an upcoming diagnostic tool in dentistry. A comparison between angles
in anthropometric landmarks in cephalometric radiographs and soft tissue landmarks was
made in the clinical report by Piero Antonio Zecca et al.- which displayed a method error of
< 1°, - which was considered clinically irrelevant. Also, 3dMD imaging have been compared
to cone beam computed tomography to determine the equivalence of the measurements in the
clinical report by Tasha E. Metzger et al. The authors conclusions suggest nonequivalent
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areas between the methods with statistically significant differences. However, the differences
were considered clinically acceptable from the orthodontic point of view *°.

To our knowledge, the validity and reliability of the 3D Sense had not been evaluated
previously. A validated scanner is fundamental to get a reliable result of a 3D scanner in
odontological use. If accuracy and reliability is not determined, the outcome may vary and
compromise diagnoses and safety of the patient. 3D scanning may replace the 2D
cephalometric imaging as a diagnostic tool in orthodontics. The superimposition of
anatomical structures in 2D cephalometric analysis complicates the identification of
landmarks. A 3D scanning of the head and face would be of great tool and advantage in
identifying 3D soft tissue landmarks and contribute to an extended diagnostic view.
Implementation of 3D scanning in orthodontic treatment would decrease the ionizing
radiation dose to the patient, implicating a minimal invasive treatment. The 3D scanning is
furthermore a fast and pain free procedure for the patient.

The 3D Sense scanner is a cheap and easily used tool that can be obtain by any clinician and
manage user-friendly software. The digital workflow in dentistry is in advance and external
3D scanning might be used in future treatment planning -as solution in odontology.

From the results of the present study, the following facts can be stated:

1. No statistically significant differences were found between the distance n-prn. Likely
this result depends on the static position of the scanner in the beginning of the
scanning session. The low mean differences can be considered as clinically irrelevant.

2. Higher statistically differences were found between the distances prn-pg, trs-prn, trd-
prn. As discussed above, these results may depend on the movement of the scanner
through the session.

3. The angle measurement of prn“pg~trd in this study proved to be accurate and is
considered to be highly clinically relevant in orthodontic treatment planning.

6. Conclusions

The present 3D scan analysis of 3D Sense proves overall a good reliability and
reproducibility and some of the results indicates that the 3D Sense is accurate enough and
could be used in different fields of odontology. To get overall accurate results and implement
the 3D Sense in odontological treatment, the 3D Sense needs to be further explored and more
studies are needed with refined technique.
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