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Abstrak

[bookmark: _Hlk195864570]Occlusion vertical dimension (OVD) measurement of digital photo analysis using iOS smartphone camera offers a practical alternative to using a  DSLR (digital single-lens reflex) camera. The camera is equipped with iOS sensor shift technology and portrait mode, which offers automatic and flexible operation.. Objective: This study aimed to compare OVD results between direct measurement (Willis) and digital photo analysis using iOS smartphone camera.Methods: This study was an analytic observation with a cross-sectional approach. The total samples were 30 Sriwijaya University dental students, divided into 2 groups; group 1 direct measurement (Willis) and group 2 digital photo analysis (iOS smartphone camera). The OVD was measured from subnasion to menton in occlusion. The data were analyzed using the Paired T test. Results: The results showed no difference between the OVD of the Willis method and digital photo analysis (iOS smartphone camera) (p> 0.05). Conclusion: There was no difference the results OVD  between direct measurement (Willis) and digital photo analysis using iOS smartphone camera.
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1. 
2. Introduction

[bookmark: _Hlk196034916]Occlusion vertical dimension (OVD) measurement in denture processing, which can be measured by several methods, such as indirect measurement method by digital photo analysis.1 The digital technology using computer-aided design / manufacturing (CAD / CAM) combined with 3D facial digital photo scans has been used to record OVD in the current denture processing.2-3 Generally, digital photos are taken by a DSLR (digital single-lens reflex) camera which is equipped with a large device size,  a lens and specific settings with complex photography technical operation.4-8 Smartphone cameras are considered more effective than DSLR, it provides easy access, automatic and flexible camera settings.5-6  Samosir et al. stated that there was no difference between smartphone and DSLR camera measurements of 3D model objects size, so smartphone camera can be used as an alternative to digital photo cameras.9-10   The iOS smartphone (iPhone operating system) is a commonly used smartphone developed by Apple. It offers a variety of advanced technologies and features, including OIS (Optical Image Stabilization), which uses shift sensor camera technology to reduce vibrations in the image capture process. This technology produces more stable and sharp images. The camera's portrait mode feature automatically blurs the background of the object.11-13
This study aims to determine the difference in the measurement of OVD by direct measurement (Willis method) and digital photo analysis (iOS smartphones). Digital photography using iOS smartphones is expected to provide potential OVD results close to direct measurement.
3. Method
This study was an observational analytic study with a cross sectional approach. The subject’s data of this research were 30  pre-clinical dentistry study program at Universitas Sriwijaya with the inclusion and exclusion criteria as below:14
a. Inclusion criteria
· Male and female aged 18-25 years old.
· Having complete permanent teeth up to the second molar.
· Class 1 angle
b. Exclusion criteria
· Open bite or deep bite.
· Having orthodontic treatment.
· Using denture
· Having history of facial surgery
The minimum sample size (Champion) was is 30 people.15 
This study was divided into 2 groups. The procedures for each group were as follows :
1. [bookmark: _Hlk195871903]Group I, direct measurement (Willis) as control (n=15) :
a. After passing ethical eligibility tests, the subject was instructed to sit up straight on a chair and look forward (the natural position for the head).1
b. The two anatomical points were measured on the subject's face (the nose and chin base) were marked using a black marker (Figure 1).16
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     Figure 1. Both anatomical points were marked

c. [bookmark: _Hlk195977897][bookmark: _Hlk195871602]The subject was instructed to swallow so the teeth are in centric occlusion.
d. OVD of direct measurements were measured the distance of the nose base (nasolabial angle) to the chin (menton) using a caliper. Measurements were recorded three times and calculated in millimeters.17

2. Group II, indirect measurement of digital photo analysis using iOS smartphone camera (n=15) with the same subjects :
a. A blue cloth was used the photos backdground.
b. [bookmark: _Hlk195974276]The subject was instructed to sit up straight and not lean forward. They were also told to look straight ahead in the mirror, which was 110 centimeters away.18-20 
c. The smartphone was set up on a tripod. The camera lens was lined up with the subject's subnasal point. The camera was 50 centimeters away from the subject. (Figure 2).21,22

[image: ]
Figure 2. Digital photo taking position (a) subject position, (b) distance subject-mirror, (c) distance subject-smartphone camera, (d) smartphone, (e) ring light, (f) mirror, (g) tripod, (h) photo background 	Comment by Rani Purba: Gambar blur

d. Before taking the photo, the portrait mode  camera was set to natural light and the depth control (to set the focus and determine the depth of of image field) to f/16 (lens opening/aperture value) (Figure 3).13,23

[image: ]
 Figure 3. a. Portrait mode, b. natural light                 c. f/16, d. depth control
e. The subject was set in the center grid (a display of nine small squares on the camera) (Figure 4).24
[image: ]
Figure 4.  Subject position on the grid iOS smartphones

f. The OVD mesurementment procedures were same as the group 1. 16,17,25
g. The digital photos were inputted to a laptop, calibrated by the FILEminimize Pictures application (image optimization application).26,27 They were get measurement results close to the direct method, a ratio of 1:6 was used, pixel ratio was  640x480.27
h. The photos were analyzed using bitmap-based software version 2023 (Adobe Photoshop CC 2023).28,29
i. The two anatomical points previously marked were connected on the photo using the "Pencil Tool" on the software. (Figure 10).
j. The measurement results are recorded in millimeters.
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    Figure 5. Both anatomical points was analyzed by bitmap software 



3. Results
The distribution of research subjects were could be seen in table 1.
Table 1. Mean OVD  results according to measurement method
[image: ]
Data were analyzed with the normality test using the Shapiro-Wilk test and the results were normally distributed (p>0.05)

Table 2. Paired T test results on OVD size between  measurement methods
[image: ]
Based on Table 2, the results showed no difference between direct measurement method and digital photo analysis iOS smartphone (p>0.05).

4. Discussion
The results showed that there was no difference in the OVD of direct and indirect method (digital photo analysis iOS smartphone). The photo results obtained from digital photo analysis digital iOS smartphone were influenced by several factors, such as the the smartphone camera distance and position to the subject, the type of smartphone, and  photo background.21,24,30
This research was carried out using a 50-centimeter distance between the camera and the subject, based on Bertazzo and others.21 Previous researchers had done some preliminary research comparing photo results using 30 and 50 centimeters. The results of using a 50 centimeter distance were closer to direct measurement. The photo will be distorted if the camera is too close to the subject. The object appears disproportionate. It is larger or smaller than the original size. If the camera is too far away, the photo will be less detailed.31.32
The camera is positioned based on the rule of thirds, a method for arranging objects in a photo. Important elements are indicated by lines and the grid intersection. Aligning the object with the grid ensures that the photo is consistent and accurate.24 The subject's face is centered in the grid for proportion. The camera stood on a tripod to prevent shaking when taking pictures.13 Smartphone cameras are considered more effective, easier to access, and have more flexible settings.5,6 The camera's portrait mode feature uses a setting called "depth control f/16" to focus and determine the depth of the image field.23 Moussa et al. compared tooth model size accuracy with the iOS smartphone camera and found no difference with DSLR camera photos.6 DSLR cameras are the optimal choice for clinical photography, but their specialized settings, including aperture, exposure time, and ISO, can present challenges for dentists during operation.5,6 The iOS smartphone camera has photonic engine technology for better low-light photos. As a result, clearer images, finer details, and less noise are achieved.37
The ideal background for medical photography is blue, it works for all skin tones. A white background may not provide enough contrast.34 This research software was bitmap-based version 2023 (Adobe Photoshop CC 2023) used to analyze digital photos. This bitmap-based version 2023 (Adobe Photoshop CC 2023) research software analyzes digital photos. It is affordable and easy to use and  measure certain points on the face in digital photos 6  Fachriani et al. found no significant difference between digital photo analysis and the Willis method for measuring freeway space distance.33
iOS smartphone photo technology combined with facial scanning and CAD/CAM can create virtual patient models, reducing the risk of measurement errors.35 Amezua et al. found virtual facebow accuracy close to direct facebow with 3-dimensional software on iOS smartphones made using CAD/CAM machinery.36 Digital photos are convenient and fast. They facilitate data acquisition by internet media and processing or reviewing results before and after treatment. They can also serve as electronic medical records for future treatment rehabilitation.4

5. Conclusion
There was no difference between the OVD result by direct measurement (Willis method) and digital photo analysis using an iOS smartphone camera.
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