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ABBREVIATION

Endocanthion, inner commissure of the palpebral fissure

Exocanthion, outer commissure of the lower and upper eyelash roots of the palpebral fissure

Pupillary center

Medial corneoscleral limbus point horizontal to pupillary center

Lateral corneoscleral limbus point horizontal to pupillary center

Inferior margin point of the medial eyebrow end (sometimes locates at the same place with EEn)
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Middle point

Inferior margin point of eyebrow vertical to En

Superior margin point of eyebrow vertical to En

Middle point of eyebrow vertical to En
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Point vertical to Um at the lid fold superioris

Point vertical to Um at the inferior margin of eyebrows
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Point vertical to Lm at the upper palpebral margin on the lash roots

Point vertical to Lm at the lower palpebral margin on the lash roots



FLm Point vertical to Lm at the lid fold superioris

ELm Point vertical to Lm at the inferior margin of eyebrows

ELm” Point vertical to Lm at the superior margin of eyebrows

ELm’ Point vertical to Lm at the middle margin of eyebrows

Ps Palpebrale superioris, Point vertical to Pc at the upper palpebral margin on the lash roots
Pi Palpebrale inferioris, Point vertical to Pc at the lower palpebral margin on the lash roots
FPs Point vertical to Pc at the lid fold superioris

EPs Point vertical to Pc at the inferior margin of eyebrows
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LP Point vertical to LI at the upper palpebral margin on the lash roots

LI” Point vertical to LI at the lower palpebral margin on the lash roots

FLI Point vertical to LI at the lid fold superioris

ELI Point vertical to LI at the inferior margin of eyebrows

ELI” Point vertical to LI at the superior margin of eyebrows

ELP Point vertical to LI at the middle margin of eyebrows

ul The middle between Ex and LI'at the upper palpebral margin on the lash roots

ur The middle between Ex and LI"at the lower palpebral margin on the lash roots

FUI FUI Point vertical to Ul at the lid fold superioris

EUI Point vertical to Ul at the inferior margin of eyebrows
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Point vertical to Ul at the superior margin of eyebrows

Point vertical to Ul at the middle margin of eyebrows

Point vertical to Ex at the lid fold superioris

Point vertical to Ex at the inferior margin of eyebrows

Point vertical to Ex at the superior margin of eyebrows

Point vertical to Ex at the middle margin of eyebrows

Point vertical to Ex at the lid fold superioris in lateral view

Point vertical to Ex at the inferior margin of eyebrows in lateral view
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1. SUMMARY

Our study Validation of the portable next-generation VECTRA HZ2 3D imaging system for periocular
anthropometry[1] validates the reliability of the new portable VECTRA H2 for periocular anthropometry. We
photographed the same participants separately using the portable VECTRA H2 and the well-validated static
device VECTRA M3. Subsequently, we placed landmarks on both photographs using the same periocular
standardized 3D landmark positioning protocol. Then 49 periocular parameters were measured separately,
namely periocular linear distance, curve, and angle. Finally, the intra- and inter-device reliability were analyzed.
The results show that this new portable 3D imaging device, VECTRA H2, has intra-device reliability consistent
with that of the static device, VECTRA M3, and slightly lower inter-device reliability, but taking the average of
two captures improves inter-device reliability to some extent. The fissure-related and eyebrow-related variables
have good intra-device and inter-device reliability. This result provides an essential basis for further applications
of the VECTRA H2 device in the periocular region. In the future, this portable device can be used together with
static devices to guide periocular surgery planning and assess postoperative outcomes. Different 3d imaging

devices can be selected for use in clinical practice depending on the actual situation.

This study is the first to evaluate the reliability of a portable 3D stereophotogrammetric device for periocular
measurements. These results may provide the basis for the widespread use of portable devices for periocular
3D stereophotogrammetry. In the future, it may expand the application scenario of 3D imaging systems in clinical

practice, thus guiding the diagnosis and treatment of different physicians.

10



2. DEUTSCHE ZUSAMMENFASSUNG

Titel der Inauguraldisseration:

Validierung des tragbaren VECTRA H2 3D-Bildgebungssystems der néchsten Generation fur die periokulare

Anthropometrie

von Fan, Wanlin

aus dem Zentrum fiir Augenheilkunde der Universitat zu Koin

Unsere Studie Validation of the portable next-generation VECTRA H2 3D imaging system for periocular
anthropometry[1] validiert die Zuverlassigkeit des neuen tragbaren VECTRA H2 fir die periokulare
Anthropometrie. Wir fotografierten dieselben Probanden getrennt mit dem tragbaren VECTRA H2 und dem gut
validierten statischen Gerat VECTRA M3. Anschlielend platzierten wir auf beiden Fotos Orientierungspunkte
nach demselben standardisierten periokularen 3D-Positionierungsprotokoll. Dann wurden 49 periokulare
Parameter separat gemessen, namlich der periokulare lineare Abstand, die Kurve und der Winkel. Abschliel3end
wurde die Zuverlassigkeit innerhalb des Gerats und zwischen den Geraten analysiert. Die Ergebnisse zeigen,
dass dieses neue tragbare 3D-Bildgebungsgerat Vectra H2 eine Uibereinstimmende Intra-Gerate Zuverlassigkeit
mit dem statischen Vectra H3 aufweist. Es zeigt sich jedoch eine etwas geringere Inter-Gerate Zuverlassigkeit,
wobei der Durchschnitt von zwei Aufnahmen diese Inter-Gerate Zuverlassigkeit wiederum um einen gewissen
Grad verbessert. Die fissur- und augenbrauenbezogenen Variablen haben eine gute Zuverlassigkeit innerhalb
des Gerats und zwischen den Geraten. Dieses Ergebnis bildet eine wesentliche Grundlage fiir weitere
Anwendungen des VECTRA H2 Gerats im periokularen Bereich. In Zukunft kann dieses tragbare Gerat
zusammen mit statischen Geraten verwendet werden, um die periokulare Operationsplanung zu unterstitzen
und die postoperativen Ergebnisse zu beurteilen. Je nach Situation kdnnen verschiedene 3D-Bildgebungsgerate

fur den Einsatz in der klinischen Praxis ausgewahlt werden.

Diese Studie ist die erste, die die Zuverlassigkeit eines tragbaren 3D-Stereophotogrammetriegerats fir
periokulare Messungen bewertet. Diese Ergebnisse kdnnen die Grundlage fur den breiten Einsatz von tragbaren

Geraten fir die periokulare 3D-Stereophotogrammetrie bilden. In Zukunft kdnnte dies das Anwendungsszenario
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von 3D-Bildgebungssystemen in der klinischen Praxis erweitern und so die Diagnose und Behandlung

verschiedener Arzte unterstiitzen.
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3. INTRODUCTION

3.1 Anthropometry of facial soft tissues

Anthropometry (from the Greek Anthropos: human, Metron: measure) is the systematic measurement of physical
characteristics of the human body such as weight, size, and shape [2]. This convenient, simple, inexpensive,
and non-invasive technique allows the measurement of the size and structure of the human body. It thus reflects
the health and nutritional status of the person being measured [3]. Since Farkas developed standardized
landmarks for head and facial anthropometry and various metrics for measurement and assessment [4], it is
possible to calculate standardized scores for reliable and objective comparisons of surgical procedures, age,
and other factors [5-12]. With the development of technology, facial anthropometry has been widely used in
various facial procedures, such as orthodontics [13, 14], dental rehabilitation [15], craniofacial [16], and
maxillofacial [17-19], facial cosmetic surgery [20], and facial dermatology [21]. Craniofacial soft tissue

anthropometry is essential in monitoring average craniofacial growth, assessing facial deformities, developing

various surgical plans, and evaluating postoperative outcomes [22-26].

3.2 Different techniques for Anthropometry

Anthropometric methods include traditional direct anthropometry (rulers and calipers) and two-

dimensional (2D) photogrammetry and three-dimensional (3D) imaging techniques.

3.2.1 Direct Anthropometry

Direct anthropometry was developed primarily using calipers and rulers. Farkas et al. created an extensive
database of direct anthropometric methods that can be used for facial measurements [27]. Direct anthropometry
has been considered the standard golden method for facial measurements. However, this method has some

disadvantages, such as it is time-consuming and very dependent on the patient's cooperation [28].

3.2.2 Two-dimensional Anthropometry

Two-dimensional imaging techniques were used in anthropometry more than forty years ago [29]. Two-
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dimensional images are snapshots of dynamic objects and therefore require the cooperation of participants
during image acquisition. 2D imaging is non-invasive, fast, and inexpensive, so it is easier to obtain than direct
measurements [30]. Although 2D images have been widely used for facial measurements[31-35], some
problems such as magnification, distortion, and variables affect the results (e.g., different object camera
distances and lighting conditions) [36]. In addition, this technique can only provide a planar contour analysis of
the entire facial 3D structure. It cannot comprehensively analyze the entire facial 3D structure, especially for the

evaluation of surface area and volume [37].

3.2.3 Three-dimensional Anthropometry

Three-dimensional (3D) facial imaging systems are the most promising tools for facial soft tissue assessment.

Three-dimensional systems have gradually replaced two-dimensional (2D) systems and traditional

anthropometric measurements. Three-dimensional imaging technology is taking photos simultaneously through

different angles of high-resolution and fast-acquisition cameras and synthesizing them into 3D images. The
method allows accurate and non-invasive capture of surface shapes, contours, and colors. In addition, the
software that comes with the system allows not only visualization and analysis, but also linear distance, angle,
area and volume measurements [38, 39]. The advantages of this method are speed, high color resolution,
absence of motion artifacts, and ease of archiving [40, 41]. 3D stereoscopic imaging is now widely used in

measuring facial soft tissues, and its accuracy and reliability have been proven [42-44].

3.3 Different devices for Three-dimensional (3D) stereophotogrammetry

So far, the market's standard three-dimensional (3D) imaging systems mainly include VECTRA, Artec EVA, and
3D MD systems [36, 45, 46]. Among the different 3D facial imaging systems, Canfield (Canfield Scientific,
Parsippany, NJ, USA) has developed a series of devices called " VECTRA ", which includes both static and

portable versions.

3.3.1 Static stereophotogrammetric device

Currently, most devices are static, mainly including VECTRA M3[47, 48], VECTRA M5[49, 50], and VECTRA
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XT[51]. Static devices have multiple cameras set up at different angles so that they can capture multiple facial
images at the same time. Several studies[47, 50] have compared the linear distance results of the face obtained
by static equipment with those obtained by calipers and found no significant differences between the two, which
suggests that static 3D stereophotogrammetric imaging systems (VECTRA M3 and M5) have good accuracy
and reproducibility in assessing facial anthropology. Furthermore, Verhulst et al. [51] compared the Vectra static
device (i.e., Vectra XT) with two other static imaging devices, 3dMDface (3dMD, Atlanta, GA) and Artec Eva
(Artec, Luxembourg). They revealed no significant difference in the accuracy of the three systems. However, as
static devices are expensive, bulky, and fixed devices that require frequent calibration, this dramatically limits

their broader application in clinical and scientific research.

3.3.2 Portable stereophotogrammetric device

The major portable devices are VECTRA H1 and VECTRA H2, the former being the first-generation device and
the latter being the latest second-generation device. Due to the advantages of portable devices such as low
cost, no need for calibration, to portability, this device has a great prospect of application in the future. The
portable devices consist of a DSLR camera and a laptop computer, which are required to acquire three images
of the same subject from three different angles in succession, which are then synthesized into a final 3D facial
model [52]. Since subjects may change their facial pose between consecutive shots or make unconscious
movements, these acquisition systems may show more significant errors in the representation of the final 3D
model [53]. For this reason, many studies have compared the results of facial measurements from this device
with those obtained with calipers or other static 3D imaging devices. Gabelli et al. [53]compared it with the Vectra
M3 for facial angle, area, and volume measurements; Camison et al. [52] compared it with the 3dMD facial
system by heat map; Liberton et al. [54] compared the Vectra H1 device with the 3dMD facial system and the
ProFace laser scanning system. All studies concluded that the device was accurate and comparable to fixed

devices. Although there is some error, it is within the acceptable margin of error for clinical applications.

3.4 Current research on 3D stereophotogrammetry for periocular anthropometry

In recent years, three-dimensional stereophotogrammetry has gradually replaced two-dimensional (2D) systems
and traditional anthropometry, especially in craniofacial anthropometry applications[55]. However,

anthropometric studies of this system in the periocular region have been more limited. With the development
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and validation of the first standardized periocular anthropometric protocol by Guo et al.[56], several studies
based on this protocol have successfully demonstrated the high reliability and accuracy of static 3D
stereophotogrammetry in the periocular linear distance, curve, angle and area measurements[57-60]. The
results of these studies provide a theoretical basis for 3D anthropometric measurements of periocular soft tissue
surfaces and contribute to the clinical application of 3D imaging systems in the field of oculoplastics.
Nevertheless, no studies have been reported on applying portable 3D stereophotogrammetry equipment for
periocular measurements. Furthermore, it is worth mentioning that Vectra devices are constantly being updated
and that the portable Vectra H1 imaging system no longer exists and has been replaced by the latest Vectra H2
device. Therefore, validation of a new generation of portable 3D imaging systems for periocular measurements
and comparison with static 3D imaging systems plays a crucial role in broadening the application of different 3D

imaging systems in eyelid and oculoplastic surgery.

3.5 Aims

The aim of our study on Validation of the portable next-generation VECTRA H2 3D imaging system for periocular
anthropometry was to evaluate and compare the reliability of periocular measurements using two different 3d
imaging devices: a static device and a portable device, which can provide a feasibility basis for selecting the
most suitable 3D stereophotogrammetric device for periocular anthropometry in the future according to the

actual situation.
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4.1 ABSTRACT

Purpose: Portable three-dimensional imaging systems are becoming increasingly common for facial
measurement analysis. However, the reliability of portable devices may be affected by the necessity to take
three pictures at three time points. The purpose of this study was to evaluate the effectiveness of portable

devices for assessing the periocular region.

Methods: In 60 Caucasian volunteers (120 eyes), four facial scans (twice for each instrument) using the portable
VECTRAH2 and static VECTRA M3 devices were performed; patients’ heads were kept straight, looking ahead,
with a neutral facial expression. One assessor set 52 periocular landmarks in the periocular area of each image
and subsequently assessed intra- and inter-device reliability by comparing two within-device measurements and

one between-device measurement, respectively.

Results: The mean absolute difference (MAD) (0.13 and 0.12 units), relative error of measurement (REM)
(0.61% and 0.68%), technical error of measurement (TEM)(1.02 and 0.80 units), relative TEM (rTEM) (5.51%
and 4.43%), and intraclass correlation coefficient (ICC) (0.89, 0.89) showed good intra-device reliability for M3
and H2; MAD (0.63, 0.62 units), REM (2.83%, 2.69%), TEM (1.31, 1.10 units), rTEM (7.62%, 5.57%) and ICC
(0.79, 0.83) indicated that inter-device reliability deteriorated compared to intra-device reliability and that the

inter-device reliability of the first scan (moderate) was lower than that of the average of the two scans (good).

Conclusions: The portable VECTRA H2 device proved reliable in assessing most periocular linear distances,
curve distances, and angles; some improvement in inter-device reliability can be achieved by using the average

of two scans.

Keywords: three-dimensional anthropometry, portable stereophotogrammetry devices, validity, reliability,

periocular morphology
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4.2. INTRODUCTION

The anthropometric data of facial soft tissues are widely used in plastic (1) and craniomaxillofacial surgery (2—
4). These data are important to develop surgical plans (5) and assess outcome prognosis (6—8). Particularly, the
periocular region plays an important role in facial attractiveness, emotional expression, and differentiation by
ethnicity (9, 10), gender, and age (11, 12). It is also a major reference indicator for corrective, restorative, or
cosmetic surgery (13). In recent years, non-invasive three-dimensional (3D) surface imaging methods, including
VECTRA, Artec EVA, and 3D MD systems (14—16) have gradually replaced traditional direct anthropometric
techniques (using rulers and calipers) and two-dimensional (2D) photography. Most of the existing 3D
photogrammetry systems are static devices, which prominently feature in capturing photos of participants from
three different angles at a single time point and composing a 3D photo using a computer. Previous studies have
proposed the first standardized periocular anthropometric protocol (17, 18) and showed potential clinical
applications, including a novel standardized lower eyelid tension distraction test and a lateral distraction test (19,
20). The reliability (repeatability) and accuracy of the VECTRA M3 static device is very high for linear, curvilinear,
angular, area, and volume measurements (21-25). However, the device is expensive, bulky, untransportable,
and requires frequent calibration (2, 14, 26—28) to reach this high reliability, which are considerable limitations,
especially for patients who cannot walk independently or reside in remote and poor areas.

Currently, portable 3D imaging devices are available in the market. These systems comprise only one digital
single-lens reflex camera in addition to a computer system (5). Due to low cost, no need for calibration, and
portability, portable 3D photogrammetry systems have high potential to be used extensively in research and
routine clinical measurements in the future. Although several publications have conducted facial analyses using
older portable devices (5, 16, 29-31), including studies on the reproducibility of these devices (VECTRA H1) in
comparison with static devices (3D MD or VECTRA M3) (5, 31), some issues remain to be addressed. First, the
primary portable device used in previous studies was the VECTRA H1; the newest generation, VECTRA H2,
was not used. Second, there are no studies on the application of portable devices in the periocular area with
newly developed standardized landmarks protocols. Finally, many factors, including head and eye movements,
camera movements, user dependence, and facial expressions, may affect the reliability of the portable device
during the three shots. Therefore, this study aimed to evaluate the reliability of a novel portable
stereophotogrammetric device VECTRA H2 compared to the static VECTRA M3 (the current gold-standard 3D

imaging system) for three-dimensional periocular analysis and subsequently provide a basis for the feasibility of
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VECTRA H2 in periocular applications.

4.3. METHODS

4.3.1. Study participants

Sixty Caucasian volunteers (30 men and 30 women, 120 eyes) aged 18—48 years (28.2 + 6.2 years) were
recruited for this study. The study sample size was calculated based on the results of the interdevice comparison
between M3 and H2 for 10 volunteers in the pre-test study (LCAm; 67.77 + 10.65 ° vs 62.98 + 7.09 °). With a 2-
sided 5% significance level and 80% power, a sample size of 34 patients per group was determined by PASS
software (Version 15, UT, USA). Exclusion criteria were deformities, lesions, surgical, or traumatic events
involving the face. All participants signed an informed consent form, and this study was performed in accordance
with the principles of the Declaration of Helsinki and approved by the ethics committee of Cologne University

(approval no: 17-199).

4.3.2. 3D image acquisition and data collection

Before the images were obtained, all volunteers were asked to remove their makeup, take off their jewelry, and
pull their hair back to ensure complete exposure of their forehead and eyebrows. Thereafter, the facial images
of each volunteer were captured twice by a static VECTRA M3 and a portable VECTRA H2 system (Canfield
Scientific, Inc., Parsippany, NJ, USA). Scanning with both devices was performed consecutively in the same
room, and the volunteers sat in a neutral posture. For the static VECTRA M3, calibration was performed
according to device guidance before each capture. During acquisition, participants looked at the upper-middle
mirror in the machine, keeping their eyes between the vertical and horizontal reference lines on the screen. For
the portable VECTRA H2, the operator took three consecutive photographs from three angles as required by
the device instructions: the first photograph was taken 30 cm below 45 degrees on the right side of the
volunteer's face, and the second photograph was taken with the camera in front of the face. Subsequently, the
third picture was taken on the left side of the face at 30 cm below 45 degrees (Figure 1). Finally, the computer
connected to the camera merged the three photos into one 3D photo using VAM software version 2.8.2 (Canfield

Scientific, Inc.).

This study employed 52 3D anthropometric landmarks of the periocular region developed and validated by our
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research group (Figure 2). The definitions of these landmarks and measurements are detailed in Tables 1, 2.

Subsequently, the study measured three categories of data (linear distances, curves, and angles).

4.3.3. Statistical Analysis

Statistical analysis was performed using SPSS 23.0 software (Armonk, NY: IBM Corp.), and graphs were created
by GraphPad Prism 9 (GraphPad Software, San Diego, CA, USA). Differences in the age distribution of men
and women among volunteers were assessed using the Wilcoxon’s signed rank-sum test. All measured data
were tested for normality using the Kolmogorov-Smirnov test. For data conforming to a normal distribution,
paired t-tests were conducted to assess differences within and between devices. For non-normally distributed

data, Wilcoxon’s signed-rank test was used. P-values <0.05 were considered to indicate statistical significance.

Intra-device reliability was analyzed by comparing the images captured twice by each device (VECTRA M3 and
VECTRA H2), and inter-device reliability was analyzed by comparing the metric parameters obtained from the
first scan (using VECTRA H2 and VECTRA M3) and the measured average of the images scanned twice with
each device. The intraclass correlation coefficient (ICC) has a value between 0 and 1, and a value closer to
1indicates high reliability. ICC values allowed the classification of the agreement into three classes: <0.4, poor
agreement; 0.4-0.75, satisfactory; and =0.75, excellent (32). Given the small periocular measurements, we set
the minimum error threshold for the mean absolute difference (MAD) and technical error of measurement (TEM)
to 1 unit (millimeter or degree). Relative error of measurement (REM) and relative TEM (rTEM) values can be
classified into five categories (excellent, <1%; very good, 1-3.9%; good, 4—-6.9%; moderate, 7-9.9%; and

poor,>10%) based on the scale proposed by Camison et al. and Andrade et al. (5, 33).

4.4. RESULTS

The measurement results (means and standard error, SD) of the M3 and H2 system are shown in Table 3.
Repeatability parameters (ICC, MAD, TEM, REM, and rTEM) within and between the VECTRA M3 and H2

devices are presented in Tables 4, 5.

4.4.1. Intra-device reliability with VECTRA M3

ICC (Table 4, Figure 3) estimates for most M3 intra-device comparisons were excellent (0.81-1.00), except for

two upper lid fold-related variables (FPDI: 0.73, FExDI: 0.70) and one eyelid fissure-related variable (LCAm:
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0.68). As shown in Table 6 and Figure 4, MAD was <1 unit for 48 of the 49 parameters, and LCAm was between
1 and 2 units. TEM was <1 unit for 42 parameters (87.5% eyebrow-related variables, 100% upper lid fold-related
variables, and 60% palpebral fissure-related variables); the largest measurement error was for the palpebral
fissure-related variable MCAm (6.05°). The REM and rTEM results for each comparison are shown in Figure 5
and Figure 6. Of seven upper lid fold-related variables, 57.1% of REM values were <1% and 42.9% of values
were between 1% and 3.9%. As for rTEM, 71.4% of variables were >10%, except for FExD, which was <7%,
and FDPm, which was <10%. FExDI (rTEM = 13.87%) had the largest value. REM was less than 1% for 73.3%
of palpebral fissure-related variables, and 26.7% were in the 1-3.9% range. Except for MCAm (rTEM = 8.63%)
and LCAm (rTEM = 13.61%), 86.7% of palpebral fissure-related values showed an rTEM <7% (20% of variables
were <1%, 46.7% were between 1% and 3.9%, and 20% were between 4% and 6.9%). Moreover, the rTEM and
REM of all brow-related variables were <7%. Additionally, 95.8% of REM values were <1%, 75% of rTEM and

4.2% of REM values were between 1-3.9%, and 25% of rTEM values were between 4% and 6.9%.

4.4.2. Intra-device reliability with VECTRA H2

Intra-device ICC (Table 4, Figure 3) was above 0.75 for most variables measured by device H2, except for one
eyebrow-related parameter (EPDI_M) and three upper lid fold-related variables (FPD, FLI, and FPDI), with an
ICC between 0.4 and 0.75. Figure 4 and Table 6 show that all 49 parameters with a MAD and 41 parameters
with TEM had a value of <1 unit (87.5% of eyebrow-related variables, 100% of upper lid fold-related variables,
and 60% of palpebral fissure-related variables). The largest measurement error was the palpebral fissure-related
variable LCAm (4.03°); 28.6% of upper lid fold-related variables showed an REM <1%, 57.1% had variables
between 1% and 3.9%, and the maximum value of FPD was 5.163%. All these variables had an rTEM greater
than 7%, 28.6% of these variables had an rTEM between 7% and 10%, and 71.4% had an rTEM >10%; the
maximum value was FPD (rTEM = 15.76%). All palpebral fissure-related variables showed an REM and rTEM
<7% (80% of REM and 26.7% of rTEM values were <1%, 20% of REM and 40% of rTEM values were between
1-3.9%, and 33.3% of rTEM values were between 4% and 6.9%). Except for EPDI_M, ELID_I, and EPD_I with
an rTEM greater than 7%, REM and rTEM were <7% across all brow-related variables (87.5% of variables had
an REM <1%, 70.8% of rTEM and 12.5% of REM variables were between 1% and 3.9%, and 16.7% of rTEM

values were between 4% and 6.9%).

4.4.3. Inter-device reliability between VECTRA H2 and VECTRA M3
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When the first captures of both devices (M3 and H2) were used to compare inter-device reliability; 33 variables
showed an ICC (Table 5) >0.75 (83.3% of brow-related variables and 73.3% of palpebral fissure-related
variables), 15 variables had ICC values between 0.4 and 0.75 (16.7% of brow-related variables, 100% of upper
eyelid fold-related variables, and 20% of palpebral fissure-related variables). The smallest ICC value was for a
palpebral fissure-related variable, LCAm (ICC = 0.39). Forty-one variables had an MAD <1 unit (100% of
eyebrow-related variables, 100% of upper eyelid fold-related variables, and 53.3% of palpebral fissure-related
variables), and the highest MAD value was for LCAm (6.825°). Twenty-eight measurements had a TEM <1 unit
(62.5% of brow-related variables, 85.7% of upper eyelid fold-related variables, and 40% of palpebral fissure-
related variables), and LCAm (8.731°) had the highest TEM value. Only the rTEM of EnD and 14 variables
(including EnD) of REM were <1% (41.7% of eyebrow-related variables and 26.7% of palpebral fissure-related
variables; Figure 5). Thirteen variables of rTEM (37.5% of eyebrow-related variables and 26.7% of palpebral
fissure-related variables) and 24 variables of REM (50% of brow-related variables, 42.9% of upper eyelid fold-
related variables, and 60% of palpebral fissure-related variables) were between 1% and 3.9%, respectively; 13
rTEM (45.8% of brow-related variables and 13.3% of palpebral fissure-related variables) and five REM (37.5%
of brow-related variables, 28.6% of upper eyelid fold-related variables, and 6.7% of palpebral fissure-related
variables) variables were between 4% and 6.9%; four rTEM (12.5% of eyebrow-related variables and 28.6% of
upper eyelid fold-related variables) and one REM (28.6% of upper eyelid fold-related variables) variables were
between 7% and 10%. Nine rTEM (4.2% of brow-related variables, 100% of upper eyelid fold-related variables,
and 6.7% [1/15] of palpebral fissure-related variables) and two REM values (28.6% [1/7] of upper eyelid fold-
related variables and 6.7% of palpebral fissure-related variables) were >10%. The largest rTEM value was FPD

(17.29%), while the largest REM value was LCAm (10.31%).

When the mean of two scans for each device was used for comparison, 39 variables had an ICC >0.75, and the
remaining ten variables were between 0.4 and 0.75. Forty-four measurements had a MAD of <1 unit, and 35
measurements had a TEM of <1 unit. Four rTEM and 16 REM values were <1%, 14 rTEM and 21 REM values
were between 1% and 3.9%, and 17 rTEM and 6 REM values were between 4% and 6.9%. Three rTEM and
two REM values were between 7% and 10%, and eight rTEM and one REM values were >10%. Overall, applying

the average of the two captures mildly improved inter-device reliability compared to using only the first capture.
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4.5. DISCUSSION

We validated the reliability of portable devices in periocular applications for the first time using a periocular
marker developed by Guo et al. (21). The mean results for the intra-device reliability metrics of MAD (0.13 and
0.12 units), REM (0.61% and 0.68%), TEM (1.02 and 0.80 units), rTEM (5.51% and 4.43%), and ICC (0.89 and
0.89) for devices M3 and H2 were highly comparable. For inter-device comparisons, the mean MAD, REM, TEM,
rTEM, and ICC were 0.63 units, 2.83%, 1.31 units, 7.62%, and 0.79 units, respectively (0.62 units, 2.69%, 1.10
units, 5.57%, and 0.83 units if the mean values of H2 and M3 were used). Inter-device reliability decreased
compared to intra-device reliability and all reliability metrics improved when quoting average values, indicating
that we can reduce inter-device variation by using the average of the two captured images when the H2 device

is used for photography.

Guo et al. first introduced 52 new periocular landmarks and validated the high reliability of the static VECTRA
M3 stereophotogrammetric system for periocular anthropometry (21). The imaging system and landmarks were
highly reliable for most measurements. Intra-rater measurements had the highest reliability, followed by inter-
rater and intra-device measurements. The results of the M3 intra-device reliability analysis included MAD (0.98
units), REM (4.66%), TEM (0.96 units), rTEM (4.64%), and ICC (0.96). Our results were generally consistent

with the aforementioned study, and some indicators were even more reliable.

Several recent studies have validated the reliability of portable stereophotogrammetric devices for facial imaging
(5; 31). Camison et al. (5) verified that the portable VECTRA H1 and static 3dMD devices were highly
comparable in facial imaging: 136 linear distances had an inter-device mean rTEM value of 1.13% (range, 0.44—
2.48%). Fifty-five of these distances (40.4%) were in the "excellent" category (<1%), while the remaining 81
distances (59.6%) were in the "very good" range (<3.9%) (TEM, 0.84 mm). Gibelli et al. (31) and Kim et al. (34)
compared the portable VECTRA H1 device with the static VECTRA M3 device in terms of the linear, angular,
surface area, and volume measurement for reliability. The results, except for the lip and periocular regions,
showed high repeatability for most linear, angular, and surface area measurements in M3 vs. M3, H1 vs. H1,
and M3 vs. H1 comparisons (range, 82.2-98.7%; TEM, range, 0.3-2.0 mm, 0.4-1.8 degrees; rTEM, range, 0.2—
3.1%). rTEM was primarily classified to provide excellent intra-device and good inter-device comparisons.
Notably, they validated the results mainly for the non-periocular regions of the face, thus assessing significant

differences in the linear distance and angular type of validation. The current results are generally less reliable
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than previous studies, possibly due to the eye movements reported in the previous literature (35, 36).
Furthermore, the measurements in the periocular region are all small, and previous studies have reported that

reliability decreases as measurements decrease (37, 38).

Specifically, the highest reliability was found for most palpebral fissure-related variables in various comparisons,
with rTEM primarily categorized as excellent, very good, or good within devices (M3 vs. M3: 0.26-6.39% and
H2 vs. H2: 0.51-6.42%). Simultaneously, M3 and H2 comparisons were also excellent, very good, or good
(0.02-5.34% and 0.66-6.20%) (first assessment and mean). The next most reliable assessment was for
eyebrow-related variables, and within-device rTEM was mainly classified as very good or good (M3 vs. M3:
1.82-6.49% and H2 vs. H2: 1.33-6.02%), while M3 and H2 comparisons were also good (2.52-6.76% and
2.27-6.51%, respectively) (first evaluation and mean). The worst reliability was for the upper eyelid fold-related
variables. Within-device rTEM was mainly classified as moderate or poor (M3 vs. M3: 9.88—-13.87% and H2 vs.
H2: 7.65-15.76%), while M3 compared to H1 (first evaluation and mean) had poor rTEM (11.15-17.29% and

12.15-15.61%, respectively).

TEM and rTEM values were generally consistent and reliable in their respective intra-device comparisons when
using M3 and H2 scans for periocular data measurements. In contrast, TEM and rTEM values deteriorated in
the M3 versus H2 comparison. This result may be due to the strong effect of involuntary head and eye
movements during acquisition using the H2 device as it requires three consecutive images to be acquired, while

the static M3 device acquires the same images simultaneously.

One limitation of the current study comes from the volunteers; only cooperative adults could be invited to
participate because it is difficult to ensure that head, eye, and eyelid positions do not shift in children and non-
cooperative individuals. Additionally, all data were collected at a fixed location, thus not fully reflecting the
portability of the H2 device. Furthermore, the current study involved linear distance, curve, and angle
measurements of the periocular region, without measuring its area and volume. Therefore, this study focused
on comparing the differences in periocular measurements between healthy Caucasian adults on the two devices
and did not include age, race, and patients in the study. Further studies should evaluate the device's reliability
in different age groups, different ethnicities, bedside or other indoor settings for patients with limited mobility and

the periocular area and volume measurement.
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4.6. CONCLUSIONS

The intra-device reliability of the two categories of devices in this study was generally consistent, with a slightly
poorer inter-device agreement. The palpebral fissure-related variables and eyebrow-related variables had good
reliability both within and between devices. This validation study explored the measurement of linear distance,
angle, and curve values in the periocular region with the new portable device VECTRA H2, making an essential
contribution to validating the VECTRA H2 device in the periocular region. Previous studies used the earlier
generation of portable devices, VECTRA H1, and mainly verified the reliability in non-ocular locations of the face.
Compared to static devices, portable instruments are relatively inexpensive and location-independent, allowing
photography for patients with limited mobility or in remote areas. However, it is disadvantageous in that it has
slightly lower reliability than static devices. Therefore, we need to select the most suitable instrument for future

clinical applications according to what the actual situation presents.
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4.9. APPENDIX

4.9.1. Figure Legends

Figure 1. The process of 3D image acquisition with Vectra H2 portable camera

The volunteer follows the instructions to turn the head to the left (A), turn the head to look forward (B), and finally
turn the head to the right (C). The application instruction screen for each step is displayed in the upper right

corner.

Figure 2. Description of periocular anthropometric landmarks used in this study

Periocular anthropometry was performed according to Guo et al.[58]

Figure 3. Intra- and inter-device of intraclass correlation coefficient (ICC) for all periocular region measurements

of 3D images.

ICC values allowed the classification of the agreement into three classes: <0.4, poor agreement; 0.4-0.75,

satisfactory; and =0.75, excellent.

Figure 4. Intra- and inter-device mean absolute difference (MAD) and technical error of measurement (TEM)

for periocular measurements on all 3D images

The acceptable error threshold is set to 1 unit.

Figure 5. Intra- and inter-device relative error of measurement (REM) for all periocular region measurements of

3D images

Reliability category criteria were as follows: excellent, <1%; very good, 1-3.9%; good, 4—-6.9%; moderate, 7—

9.9%; and poor, >10%.

Figure 6. Intra- and inter-device of relative technical error of measurement (rTEM) for all periocular region

measurements of 3D images

Reliability category criteria were as follows: excellent, <1%; very good, 1-3.9%; good, 4-6.9%; moderate, 7—

9.9%; and poor, >10%.
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Figure 1. The process of 3D image acquisition with Vectra H2 portable camera
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Figure 2. Description of periocular anthropometric landmarks used in this study

Periocular anthropometry was performed according to Guo et al.[58]
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Figure 3. Intra- and inter-device of intraclass correlation coefficient (ICC) for all periocular region measurements

of 3D images.
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Figure 4. Intra- and inter-device mean absolute difference (MAD) and technical

for periocular measurements on all 3D images
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Figure 5. Intra- and inter-device relative error of measurement (REM) for all periocular region measurements of

3D images
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Figure 6. Intra- and inter-device of relative technical error of measurement (rTEM) for all periocular region

measurements of 3D images
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4.9.2. TABLES

Table Legends

Table 1:

Definition of abbreviations for periocular landmarks, modified from Guo et al.[58]

Table 2:

List of linear distance, curve, and angle measurement variables for the periocular region, derived from Guo et

al.[58]

Table 3:

Means and standard deviations (SDs) of all measurements (mm or degrees)

Table 4:

Intra-device reliability results of VECTRA M3 and H2 for periocular measurements

Table 5:

Inter-device reliability results of VECTRA M3 and H2 for periocular measurements

Table 6:

Percentage of different periocular measurement variables in each reliability rating classification for VECTRA M3

and H2
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Table 1. Definition of abbreviations for periocular landmarks, modified from Guo et al.[58]

Abbreviation Definition

of

Landmarkers

En Endocanthion, inner commissure of the palpebral fissure

Ex Exocanthion, outer commissure of the lower and upper eyelash roots of
the palpebral fissure

Pc Pupillary center

Lm Medial corneoscleral limbus point horizontal to pupillary center

LI Lateral corneoscleral limbus point horizontal to pupillary center

Em Inferior margin point of the medial eyebrow end (sometimes locates at the
same place with EEn);

Em” superior margin point

Em’ middle point

EEn Inferior margin point of eyebrow vertical to En

EEn” Superior margin point of eyebrow vertical to En

EEN’ Middle point of eyebrow vertical to En

Um Middle point between En and Lm’at the upper palpebral margin on the

lash roots



um’

FUm

EUm

EUm”

EUM’

Lm

Lm

FLm

ELm

ELm”

ELm’

Ps

Pi

FPs

EPs

Middle point between En and Lm” at the lower palpebral margin on the

lash roots

Point vertical to Um at the lid fold superioris

Point vertical to Um at the inferior margin of eyebrows

Point vertical to Um at the superior margin point

Point vertical to Um at the middle point

Point vertical to Lm at the upper palpebral margin on the lash roots

Point vertical to Lm at the lower palpebral margin on the lash roots

Point vertical to Lm at the lid fold superioris

Point vertical to Lm at the inferior margin of eyebrows

Point vertical to Lm at the superior margin of eyebrows

Point vertical to Lm at the middle margin of eyebrows

Palpebrale superioris, Point vertical to Pc at the upper palpebral margin on

the lash roots

Palpebrale inferioris, Point vertical to Pc at the lower palpebral margin on

the lash roots

Point vertical to Pc at the lid fold superioris

Point vertical to Pc at the inferior margin of eyebrows
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EPs”

EPs’

LI

LI

FLI

ELI

ELI"

ELI

ul

ur

FUI

EUI

EUI”

EUI

FEx

Point vertical to Pc at the superior margin of eyebrows

Point vertical to Pc at the middle margin of eyebrows

Point vertical to LI at the upper palpebral margin on the lash roots

Point vertical to LI at the lower palpebral margin on the lash roots

Point vertical to LI at the lid fold superioris

Point vertical to LI at the inferior margin of eyebrows

Point vertical to LI at the superior margin of eyebrows

Point vertical to LI at the middle margin of eyebrows

The middle between Ex and LI'at the upper palpebral margin on the lash

roots

The middle between Ex and LI"at the lower palpebral margin on the lash

roots

FUI Point vertical to Ul at the lid fold superioris

Point vertical to Ul at the inferior margin of eyebrows

Point vertical to Ul at the superior margin of eyebrows

Point vertical to Ul at the middle margin of eyebrows

Point vertical to Ex at the lid fold superioris
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EEx

EEX”

EEX'

FExI

EEXx|

EEx!”

EEXI’

El

El"

EI

Point vertical to Ex at the inferior margin of eyebrows

Point vertical to Ex at the superior margin of eyebrows

Point vertical to Ex at the middle margin of eyebrows

Point vertical to Ex at the lid fold superioris in lateral view

Point vertical to Ex at the inferior margin of eyebrows in lateral view

Point vertical to Ex at the superior margin of eyebrows in lateral view

Point vertical to Ex at the middle margin of eyebrows in lateral view

inferior margin of the lateral eyebrow end

superior margin of the lateral eyebrow end

middle margin of the lateral eyebrow end
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Table 2. List of linear distance, curve, and angle measurement variables for the periocular region, derived from Guo

et al.[58]

Abbreviation Definition Landmarks

Liner distances

PFW Palpebral fissure width En-Ex

PFH Palpebral fissure height Ps-Pi

Eyebrow-endocanthion distance of
EEnD_I EEn-En
the inferior point

Eyebrow-endocanthion distance of
EEnD_M_ EEn’-En
the middle point

Eyebrow-endocanthion distance of

EEnD S the inferior, middle, or superior EEn"-En

point

Upper lid fold-palpebral margin

FPDm FUmM-Um
distance (medial)

Eyebrow-palpebral margin distance
EPDm_| EUm-Um
(medial) of the inferior point

Eyebrow-palpebral margin distance
EPDmMm_M EUm’-Um
(medial) of the middle point

EPDmM_S Eyebrow-palpebral margin distance EUm”-Um
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FLmD

ELmD_|

ELmD_M

ELmD_S

FPD

EPD_I

EPD_M

EPD_S

FLID

(medial) of the superior point

Upper lid fold-palpebral margin

distance (medial limbus)

Eyebrow-palpebral margin distance

(medial limbus) of the inferior point

Eyebrow-palpebral margin distance

(medial limbus) of the middle point

Eyebrow-palpebral margin distance
(medial limbus) of the superior

point

Upper lid fold-palpebral margin
distance, similar to upper lid fold

height

Eyebrow-palpebral margin  (Ps)
distance of the inferior (similar to

upper lid height) point

Eyebrow-palpebral margin  (Ps)

distance of the middle point

Eyebrow-palpebral margin  (Ps)

distance of the superior point

Upper lid fold-palpebral margin

FLm-Lm’

ELm-Lm’

ELm’-Lm’

ELm"-Lm’

Ps-FPs

Ps-EPs

Ps-EPs’

Ps-EPs”

FLI-LI
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ELID_I

ELID_M

ELID_S

FPDI

EPDI_I

EPDI_M

EPDI_S

FExD

distance (lateral limbus)

Eyebrow-palpebral margin distance

(lateral limbus) of the

inferior point

Eyebrow-palpebral margin distance

(lateral limbus) of the

middle point

Eyebrow-palpebral margin distance

(lateral limbus) of the

superior point

Upper lid fold-palpebral margin

distance (lateral)

Eyebrow-palpebral margin distance

(lateral) of the inferior point

Eyebrow-palpebral margin distance

(lateral) of the middle point

Eyebrow-palpebral margin distance

(lateral) of the superior point

Upper lid fold-exocanthion

distance

ELI-LI

ELI-LP

ELI"-LI

FUI-UI

EUI-UI

EUI-UI

EUI"-UI

FEx-Ex
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Eyebrow-exocanthion distance of
EExD | EEx-Ex
the inferior point

Eyebrow-exocanthion distance of
EExD_M EEXx’-Ex
the middle point

Eyebrow-exocanthion distance of
EExD_S EEX"-Ex
the superior point

Upper lid fold-exocanthion
FExDI FExI-Ex
distance (lateral)

Eyebrow-exocanthion distance

(lateral) of the inferior

EExDI_I EEx|-Ex
point
Eyebrow-exocanthion distance
EExDI_M EEXI'-Ex
(lateral) of the middle point
Eyebrow-exocanthion distance
EExDI_S EEXI"-Ex
(lateral) of the superior point
ID Iris diameter Lm-LI
EnD Inner intercanthal distance En (left)-En (right)
PD Interpupillary distance Pc (left)-Pc (right)

ExD Outer intercanthal distance Ex (left)-Ex (right)




Curvatures

UPML

UPMLmM

LPML

LPMLm

EL_I

EL_M

EL_S

Angles

MCA

MCAmM

LCA

LCAm

Upper palpebral margin length

Upper palpebral

(more points)

margin

length

Lower palpebral margin length

Lower palpebral

(more points)

margin

Inferior eyebrow length

Middle eyebrow length

Superior eyebrow length

Medial canthal angle

Medial canthal angle (medial)

Lateral canthal angle

Lateral canthal angle (medial)

length

En-Um-Lm’-Ps-LI"-Ul-Ex

Including 4 more midpoints

between Lm’-Ps-LI"-Ul-Ex

En-Um’-Lm”-Pi-LI"-UI'-Ex

Including 4 more midpoints

between Lm”-Pi-LI"-UI'-Ex

Em-EEn-EUm-ELm-EPs-ELI-EUI-

EEx-EEx|-El

Em’-EEn’-EUm’-ELm’-EPs’-ELI'-

EUI'-EEX'-EEXI'-EI

Em”-EEn"-EUm”-ELm"-EPs"-ELI"-

EUI"-EEX"-EExI"-EI"

Ps-En-Pi

Um-En-Um’

Ps-Ex-Pi

Ul-Ex-UI
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CT

Canthal tilt

Ex (left)-En (left)-En (right), or Ex

(right)-En (right)-En (left)
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Table 3. Means and standard deviations (SDs) of all measurements (mm or degrees)

Parameters M3 H2
Capture 1 Capture 2 Capture 1 Capture 2
Mean SD Mean SD Mean SD Mean SD
Liner
distances(mm)
PFW 29.38 176 29.37 186  30.05 169  30.00 1.68
PFH 12.01 128 1219 126 12.28 146 1215 1.49
EEnD_| 16.78 195 16.84 207  16.46 187  16.39 1.72
EEnD_M_ 2381 211 2384 211 2363 226 2358 2.25
EEnD_S_ 28.45 281 2855 271 2838 291 2838 2.93
FPDm 4.37 116 447 117 483 112 491 1.13
EPDm_I 13.93 195 1396 211 1394 177 1398 1.71
EPDm_M 21.05 197 2114 204 2132 211 21.33 2.09
EPDm_S 25.50 249 2564 252 2583 2.62 2585 2.59
FLmD 3.96 114 393 116 4.02 086  4.04 091
ELmD_I 10.88 2.04 10.76 217 10.50 181 10.60 1.77
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ELmD_M

ELmD_S

FPD

EPD_I

EPD_M

EPD_S

FLID

ELID_I

ELID_M

ELID_S

FPDI

EPDI_I

EPDI_.M

EPDI_S

FExD

EExD_I

EExD_M

17.75

22.23

3.39

10.08

16.26

20.83

3.77

11.54

1711

21.68

4.62

13.90

19.24

23.75

6.93

17.88

23.07

1.96

2.56

1.16

201

1.82

2.57

1.08

243

1.90

2.57

0.94

2.78

214

2.78

1.05

3.09

2.35

17.64

2213

3.48

10.03

16.28

20.83

3.80

11.50

17.06

21.63

4.63

14.01

19.32

23.83

6.89

18.01

23.21

2.15

2.69

1.18

192

1.88

2.70

1.08

2.28

197

2.82

0.89

2.68

2.19

2.99

1.06

311

244

17.53

22.10

3.52

9.43

15.78

20.40

3.81

10.76

16.45

21.19

4.89

13.48

18.80

23.57

742

17.69

22.96

2.00

2.58

0.97

191

1.98

2.74

1.02

2.23

1.80

2.71

1.20

2.51

2.53

2.75

1.47

291

2.14

17.65

22.21

3.71

9.66

15.97

20.59

3.87

10.92

16.58

21.30

4.83

13.46

18.94

23.64

7.29

17.58

22.93

2.08

2.66

1.08

1.83

2.13

2.86

0.99

2.04

1.95

2.90

1.04

2.38

2.03

2.94

1.47

2.89

2.14
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EExD_S

FExDI

EExDI_I

EExXDI_M

EExDI_S

EnD*

PD*

ExD#*

Curvatures

(mm)

UPML

UPMLm

LPML

LPMLm

EL_I

EL_M

27.13

4.77

1477

19.44

23.38

1191

32.45

62.71

89.93

38.01

25.32

33.60

23.20

59.14

70.96

292

117

3.21

2.58

3.19

0.49

2.60

3.24

4.29

2.75

222

2.34

1.95

5.63

9.28

27.30

4.61

14.73

19.42

2343

11.97

3243

62.72

90.04

38.25

25.46

33.75

23.30

59.22

71.19

297

1.18

3.21

2.57

3.13

0.49

2.71

3.26

4.22

2.62

212

2.20

171

543

9.17

27.09

4.31

13.65

18.60

22.71

11.90

32.40

62.39

90.91

39.03

26.32

34.28

24.23

59.30

71.37

271

1.04

3.13

242

3.03

0.46

2.72

3.14

4.28

2.64

2.18

241

1.97

5.64

8.74

27.13

4.32

13.49

18.50

22.63

11.86

32.44

62.27

90.87

38.61

26.06

34.17

24.19

59.39

71.49

2.79

1.02

3.03

2.38

3.04

0.44

2.75

3.19

4.27

2.55

1.89

2.52

1.97

5.30

8.55
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EL_S

Angles (°)

MCA

MCAmM

LCA

LCAm

CT

68.91

41.79

61.65

40.93

69.64

168.33

8.86

4.45

9.36

4.66

10.56

3.53

69.16

42.38

62.03

41.36

70.65

168.18

8.84

4.07

8.71

4.63

10.59

3.44

69.52

43.04

59.79

39.70

62.82

167.19

8.35

452

9.40

4.79

9.44

3.62

69.59

42.80

59.07

39.55

62.64

167.13

8.31

4.78

9.54

4.78

9.30

3.67

*N = 60; for the rest, N = 120; SD, standard deviations
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Table 4. Intra-device reliability results of VECTRA M3 and H2 for periocular measurements

Device M3 vs M3 H2 vs H2

Comparison ICC (CI95%) MAD TEM (TEM REM pvalue ICC MAD TEM (TEM REM p value

Liner distances(mm)

0.84 0.95

PFW 002 074 251 006 0948 005 038 127 016 0.332
(0.77-0.88) (0.93-0.96)
0.86 0.87

PFH 019 049 403 156 <0.001t 012 054 442 101 0078
(0.79-0.90) (0.82-0.91)

EEnD_I 0.89 005 066 391 031 0544 0.92 006 051 309 038 0.349



EEnD_M_

EEnD_S_

FPDm

EPDm_I

EPDmMm_M

(0.85-0.93)

0.90

(0.86-0.93)

0.92

(0.89-0.95)

0.86

(0.81-0.90)

0.88

(0.83-0.91)

091

(0.87-0.93)

0.04

0.10

0.10

0.03

0.09

0.68

0.77

0.44

0.71

0.62

2.85

2.68

9.88

511

294

0.16

0.34

2.27

0.20

0.43

0.665

0.331

0.075

0.765

0.259

(0.89-0.94)

0.97

(0.96-0.98)

0.98

(0.97-0.99)

0.89

(0.85-0.92)

091

(0.87-0.94)

0.96

(0.94-0.97)

0.05

0.00

0.08

0.05

0.01

0.39

0.41

0.37

0.52

0.43

1.64

1.45

7.65

3.75

2.02

0.22

0.00

1.67

0.32

0.06

0.305

0.996

0.062 1

0.508

0.848
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EPDmM_S

FLmD

ELmD_|

ELmD_M

ELmD_S

FPD

0.93

(0.91-0.95)

0.85

(0.79-0.89)

0.89

(0.85-0.92)

0.89

(0.84-0.92)

0.92

(0.88-0.94)

0.86

0.14

0.02

0.12

0.11

0.09

0.09

0.65

0.45

0.70

0.70

0.77

0.44

2.53

11.28

6.49

3.97

3.47

12.76

0.54

0.60

1.12

0.62

0.42

2.58

0.100

0.681

0.183

0.228

0.540 1

0.091 1

0.98

(0.97-0.98)

0.78

(0.70-0.84)

0.88

(0.83-0.91)

0.91

(0.87-0.94)

0.94

(0.92-0.96)

0.70

0.03

0.01

0.10

0.11

0.11

0.19

0.40

0.42

0.64

0.61

0.65

0.57

1.56

10.34

6.02

3.49

292

15.76

0.10

0.27

0.92

0.64

0.47

5.16

0.622

0.860

0.237

0.160

0.211

0.110
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EPD_I

EPD_M

EPD_S

FLID

ELID_I

(0.81-0.90)

0.90

(0.87-0.93)

0.88

(0.83-0.92)

091

(0.88-0.94)

0.83

(0.77-0.88)

0.92

(0.89-0.94)

0.04

0.02

0.01

0.04

0.03

0.61

0.64

0.78

0.45

0.67

6.07

3.95

3.75

11.76

5.84

0.43

0.10

0.03

0.97

0.30

0.586

0.854

0.956

0.242 t

0.695

(0.59-0.78)

0.79

(0.71-0.85)

0.84

(0.77-0.88)

0.92

(0.89-0.95)

0.64

(0.53-0.74)

0.87

(0.81-0.91)

0.22

0.19

0.19

0.07

0.16

0.86

0.84

0.78

0.60

0.78

8.98

5.30

3.81

15.72

7.23

2.32

1.19

0.93

1.68

1.51

0.044

0.810

0.057

0.468 t

0.107
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ELID_M

ELID_S

FPDI

EPDI_I

EPDI_M

EPDI_S

0.87

(0.81-0.90)

091

(0.87-0.94)

0.73

(0.63-0.80)

0.94

(0.91-0.96)

0.90

(0.86-0.93)

0.92

0.06

0.05

0.01

0.10

0.08

0.08

0.71

0.82

0.48

0.68

0.68

0.80

4.17

3.80

10.31

4.86

3.53

3.35

0.32

0.21

0.29

0.74

0.40

0.32

0.550

0.676

0.828

0.241

0.380

0.463

0.84

(0.78-0.89)

0.93

(0.90-0.95)

0.73

(0.64-0.81)

0.94

(0.91-0.96)

0.67

(0.56-0.76)

0.95

0.13

0.11

0.06

0.02

0.14

0.07

0.75

0.77

0.59

0.61

1.33

0.63

4.52

3.62

12.04

4.56

7.03

2.68

0.77

0.52

1.23

0.12

0.73

0.31

0.185

0.268

0.430

0.840

0.421

0.373
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FExD

EExD_|

EExD_M

EExD_S

FExDI

(0.89-0.95)

0.81

(0.73-0.86)

0.96

(0.94-0.97)

0.93

(0.91-0.95)

0.94

(0.91-0.96)

0.70

(0.59-0.80)

0.05

0.12

0.14

0.16

0.16

0.47

0.65

0.62

0.74

0.65

6.73

3.63

2.70

271

13.87

0.69

0.67

0.62

0.60

3.51

0.427

0.152

0.077

0.086

0.050

(0.93-0.97)

0.83

(0.77-0.88)

0.97

(0.96-0.98)

0.95

(0.93-0.96)

0.96

(0.95-0.97)

0.79

(0.71-0.85)

0.13

0.11

0.03

0.04

0.00

0.60

0.51

0.49

0.55

0.48

8.17

2.90

2.13

201

11.03

174

0.61

0.15

0.14

0.07

0.169 1

0.105

0.591

0.587

0.960
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EExDI_I

EExDI_M

EExDI_S

EnD=*

PD+

0.96

(0.95-0.98)

0.95

(0.93-0.96)

0.94

(0.92-0.96)

0.83

(0.76-0.88)

0.99

(0.90-1.00)

1.00

0.03

0.02

0.05

0.06

0.02

0.00

0.61

0.60

0.76

0.21

0.15

0.12

415

3.06

3.24

174

0.66

0.26

0.22

0.10

0.22

0.47

0.05

0.01

0.684

0.801

0.609

0.037

0.457 1

0.921

0.96

(0.95-0.98)

0.95

(0.93-0.97)

0.96

(0.94-0.97)

0.90

(0.85-0.93)

0.99

(0.99-1.0)

0.96

0.16

0.10

0.08

0.03

0.04

0.12

0.59

0.53

0.63

0.15

0.21

0.62

4.32

2.86

2.76

122

0.66

1.00

1.15

0.54

0.34

0.27

0.12

0.19

0.039

0.144

0.341

0.085

0.369 t

0.298
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ExD*

Curvatures (mm)

UPML

UPMLmM

LPML

LPMLmM

(1.00-1.00)

0.99
0.11
(0.98-0.99)
0.84
0.24
(0.78-0.88)
0.82
0.14
(0.75-0.87)
0.93
0.15
(0.91-0.95)
0.87 0.10

0.37

0.93

0.59

0.67

1.08

0.42

2.85

174

1.67

1.82

0.13

0.56

0.45

041

0.13

0.241

0.092

0.238

0.042

0.276

(0.94-0.98)
0.99

0.04
(0.98-0.99)
0.83

0.42
(0.75-0.88)
0.78

0.26
(0.70-0.84)
0.90

0.11
(0.86-0.93)
0.93 0.04

0.52

1.09

0.97

0.78

0.54

0.57

2.81

3.69

2.27

2.24

0.04

1.08

0.98

0.31

0.16

0.692

0.002

0.141 ¢t

0.286

0.577
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EL_I

EL.M

EL S

Angles (°)

MCA

MCAmM

(0.81-0.91)

0.96
008 152 215 032
(0.95-0.97)
0.97
022 132 259 037
(0.96-0.98)
0.98
025 175 415 037
(0.97-0.99)
0.84
058 190 461 105
(0.77-0.88)
0.86 038 6.05 863 143

0.585

0.354 t

0.138

0.009

0.384

(0.90-0.95)
0.94

009 132 222
(0.92-0.96)
0.99

012 101 142
(0.98-0.99)
0.99

008 092 133
(0.98-0.99)
0.86

023 174 405
(0.81-0.90)
0.90 072 309 5.20

0.15

0.17

0.11

0.55

121

0.617

0.345

0.513

0.298

0.071
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(0.80-0.90)

0.84
LCA
(0.77-0.88)
0.68
LCAm
(0.57-0.76)
0.88
CT
(0.84-0.92)
Mean 0.89

0.43

1.00

0.15

0.13

1.19

0.74

0.49

1.02

6.39

13.16

1.02

5.51

0.09

0.06

1.56

0.61

0.077

0.201

0.335

(0.85-0.93)

0.87

(0.82-0.91)

0.82

(0.75-0.87)

0.95

(0.92-0.96)

0.89

0.15

0.18

0.06

0.12

174

4.03

0.85

0.80

4.39

6.42

0.51

4.43

0.38

0.29

0.03

0.68

0.506

0.730

0.606

Cl, confidence interval

trepresents p-values calculated from Wilcoxon'’s signed-rank test and the rest derived from paired-samples t-test. Results with P <0.05 are marked in bold.
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Table 5. Inter-device reliability results of VECTRA M3 and H2 for periocular measurements

Device M3 vs H2 M2 vs H2 (Mean)
Compariso ICC MA TE rTE REM p ICC MA TE rTE p
n D M M value (Cl D M M value
(Cl
95%)
95%)
Liner
distances
(mm)
0.83
0.82
(0.46- <0.00 <0.00
PFW ' 067 073 246 225 (0.51- 065 076 255
0.93 1 1
0.91)
)
0.80
0.86
(0.70-
PFH 027 063 518 223 0.001 (0.81- 0.12 050 4.07 0.073
0.86
0.90)
)
0.79 0.85
<0.00
EEnD_I (0.71- 033 088 531 198 0.004 (0.76- 039 073 439
' 1
0.90)

0.85)



EEnD_M

EEnD_S

FPDm

EPDm_I

EPDm_M

EPDm_S

0.88

(0.83-

0.91)

0.90

(0.87-

0.93)

0.66

(0.45-

0.78)

0.81

(0.73-

0.86)

0.86

(0.80-

0.90)

0.89

(0.84-

0.92)

0.18

0.07

0.45

0.01

0.27

0.33

0.78

0.89

0.69

0.82

0.76

0.85

3.27

3.13

15.10

591

3.60

3.33

0.74

0.24

9.86

0.05

1.26

1.27

0.080

0.549

<0.00

0.951

0.006

0.003

0.92

(0.88-

0.95)

0.95

(0.93-

0.96)

0.72

(0.48-

0.84)

0.85

(0.79-

0.90)

0.90

(0.85-

0.98)

0.92

(0.88-

0.95

0.22

0.12

0.44

0.02

0.23

0.27

0.61

0.64

0.61

0.71

0.66

0.73

2.58

2.27

13.17

5.09

311

2.83

0.93

0.41

9.56

0.11

1.08

1.05

0.005

0.160

<0.00

0.869

0.007

0.004
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FLmD

ELmD_|

ELmD_M

ELmD_S

FPD

EPD_I

0.59

(0.46-

0.70)

0.77

(0.67-

0.84)

0.80

(0.73-

0.86)

0.85

(0.79-

0.89)

0.69

(0.59-

0.78)

0.71

(0.54-

0.07

0.38

0.22

0.12

0.13

0.64

0.45

0.94

0.89

0.99

0.60

1.09

11.15

8.77

5.02

4.48

17.29

11.15

1.65

3.53

1.24

0.55

3.86

6.60

0.432

0.002 t

0.056

0.346

0.108 t

<0.00

1t

0.68

(0.57-

0.77

0.80
(0.72-

0.86)

0.84
(0.78-

0.88)

0.88

(0.83-

0.92)

0.73
(0.63-

0.80)

0.76

(0.63-

0.08

0.27

0.11

0.02

0.18

0.51

0.56

0.86

0.81

0.90

0.55

0.92

13.97

8.05

4.58

4.04

15.61

9.39

2.09

2.51

0.61

0.10

5.18

5.22

0.249

0.005 t

0.304

0.848

0.011+¢

<0.00

1t
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EPD_M

EPD_S

FLID

ELID_I

ELID_M

ELID_S

0.81)

0.71

(0.58-

0.79)

0.81

(0.73-

0.87)

0.63

(0.51-

0.73)

0.83

(0.60-

0.91)

0.74

(0.54-

0.84)

0.84

(0.76-

0.89)

0.48

0.43

0.04

0.78

0.66

0.48

1.05

1.16

0.64

1.00

0.98

1.06

6.56

5.65

16.85

8.98

5.86

4.94

2.99

2.08

1.00

6.97

3.93

2.26

<0.00

0.004

0.962 1

<0.00

<0.00

<0.00

0.84)

0.77
(0.67-

0.84)

0.85

(0.79-

0.89)

0.73
(0.63-

0.80)

0.84
(0.64-

0.92)

0.78

(0.61-

0.87)

0.86

(0.80-

0.90)

0.39

0.34

0.05

0.68

0.57

041

0.91

1.04

0.51

0.89

0.88

1.02

5.68

5.04

13.42

7.99

525

4.75

2.44

1.62

1.36

6.07

3.38

1.89

0.001

0.012

0.552 1

<0.00

<0.00

0.002
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FPDI

EPDI_I

EPDI_.M

EPDI_S

FExD

EExD_I

EExD_M

0.45

(0.29-

0.58)

0.88

(0.82-

0.92)

0.60

(0.46-

0.70)

0.88

(0.83-

0.91)

0.45

(0.28-

0.59)

0.92

(0.89-

0.94)

0.90

0.27

0.43

0.44

0.18

0.49

0.20

0.11

0.82

0.93

1.51

0.97

0.98

0.86

0.72

17.27

6.76

7.94

4.09

13.63

4.85

3.11

5.68

3.10

2.32

0.78

6.80

1.11

0.46

0.074 t

<0.00

0.001 f

0.143

0.004

0.077

0.255

0.56

(0.42-

0.68)

0.88

(0.80-

0.93)

0.74
(0.64-

0.81)

0.89

(0.85-

0.92)

0.53

(0.36-

0.66)

0.94
(0.90-

0.96)

0.91

0.23

0.49

041

0.19

0.45

0.31

0.19

0.64

0.89

1.09

0.93

0.87

0.76

0.68

13.52

6.51

571

3.92

12.15

4.29

2.93

4.92

3.53

2.15

0.78

6.28

1.75

0.84

0.004

<0.00

1t

0.003

0.124

<0.00

0.001

0.025
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EExD_S

FExDI

EExDI_I

EExDI_M

EExDI_S

(0.86-

0.93)

0.90

0g6- 005

0.93)

0.64

(042- 048

0.77)

0.89

(043- 112

0.96)

0.87

(055. 084

0.95)

0.89

©79- 2%

0.94)

0.85
0.02
(0.79-

0.88

0.69

1.11

0.61

1.05

0.19

3.26

1515

7.80

3.21

4.58

1.57

0.17

10.0

7.85

441

2.93

0.15

0.686

<0.00

1t

<0.00

<0.00

<0.00

0.454

(0.87-

0.94)

0.91

0gs. 011

0.94)

0.70
(0.51- 037

0.81)

0.89
(0.29- 1.18

0.96)

0.88

(043- 088

0.96)

0.90
(0.76- 0.74

0.95)

0.87
0.06
(0.81-

0.84

0.59

1.09

0.88

0.97

0.17

3.08

13.04

7.71

4.64

4.23

1.39

0.40

8.26

8.31

4.63

3.20

0.52

0.315

<0.00

<0.00

<0.00

<0.00

0.003
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EnD~

PD+

ExD~*

Curvatures

(mm)

UPML

UPMLm

LPML

0.89)

0.90

005 029 088 014

(0.98-

0.99)

0.96

033 065 1.04 052

(0.93-

0.98)

0.95

098 09 106 1.08

(0.65-

0.98)

0.76

102 137 356 266

(0.52-

0.82)

0.65

100 138 534 387

(0.39-

0.79)

0.87 068 111 328 199

0.763 t

0.005

<0.00

<0.00

<0.00

<0.00

0.91)

0.99

(0.99-

1.0)

0.98
(0.92-

0.99)

0.96
(0.91-

0.99)

0.82
(0.68-

0.89)

0.73

(0.48-

0.85)

0.87

0.02

0.39

0.90

0.70

0.80

0.55

0.22

0.44

0.90

1.09

1.09

0.85

0.66

0.71

1.00

2.84

421

2.51

0.06

0.62

1.00

181

3.10

161

0.713 t

<0.00

<0.00

<0.00

<0.00

<0.00
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LPMLm

EL_I

EL_M

EL_S

Angles (°)

MCA

MCAmM

(0.69-

0.93)

0.72

103 112 471 434

(0.27-

0.87)

0.89

016 189 318 027

(0.84-

0.92)

0.96

041 180 252 057

(0.94-

0.97)

0.95

061 202 293 088

(0.92-

0.96)

0.77

124 218 514 293

(0.64-

0.85)

0.79 186 432 711 3.06

<0.00

0.519

0.048 1

0.020

<0.00

0.001

(0.75-

0.92)

0.75

(0.24-

0.89)

0.92

(0.89-

0.95)

0.97

(0.95-

0.98)

0.96
(0.94-

0.97)

0.84

(0.75-

0.89)

0.83

0.96

0.16

0.36

0.52

0.84

241

1.00

151

1.65

1.78

1.75

3.76

4.21

2.54

2.32

2.57

412

6.20

4.05

0.27

0.50

0.75

1.96

3.98

<0.00

0.406

0.096

0.023

<0.00

<0.00
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(0.69- 1

(0.70-
0.90)
0.86)
0.71 0.77
<0.00 <0.00
LCA (ss. 122 261 649 304 (0ss. 152 226 559 375
1 1
0.80) 0.86)
0.39 0.47
103 <0.00 111 <0.00
LCAm (011 083 873 1318 o4 742 781 1176
1 1 7 1
0.58) 0.70)
0.79 084
<0.00 <0.00
cT (066 14 188 100 068 (0.63- 109 146 087 0.65
' 1 1
088 0.91)
Mean 079 063 131 762 283 083 062 110 557 269

Cl, confidence interval

t represents p-values calculated from Wilcoxon'’s signed-rank test and the rest derived from paired-samples t-test.

Results with P <0.05 are marked in bold.
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Table 6. Percentage of different periocular measurement variables in each reliability rating classification for VECTRA M3 and H2.

Variable

Upper lid fold-related variables (7/7)

Palpebral fissure-related variables (15/15)

Eyebrow-related variables (24/24)

M3-M3 H2-H2 M3-H2 M3-H2 M3-M3 H2-H2 M3-H2 M3-H2 M3-M3 H2-H2 M3-H2 M3-H2
(Mean) (Mean) (Mean)
ICC
Excellent  71.4%(5/ 57.1%(4/ 0% (0/7) 0% (0/7) 93.3%(14/  100%(15/  73.3%(11/  86.7%(13/  100%(24/2 95.8%(23/ 83.3%(20/  95.8%(23/
(=075 1) 7) 15) 15) 15) 15) 4) 24) 24) 24)
Satisfact ~ 28.6%(2/ 42.9%(3/ 100%(7/ 100%(7/  6.7%(1/15) 0% (0/15)  20%(3/15) 13.3%(2/1  0%(0/24) 4.20(1/24)  16.7%(4/72  4.2%(1/24)
ory (04— 7) 7 7 7) 5) 4)

0.75)



Poor

(<0.4)

MAD

<1 unit

>1 unit

TEM

<1 unit

>1 unit

REM

0% (0/7)

100%(7/

7

100%(7/

)

0% (0/7)

100%(7/

7

100%(7/

7

0% (0/7)

100%(7/

7

85.7%(6/

)

14.3%(1/

7

0% (0/7)

100%(7/

7)

100%(7/

)

0% (0/15)

93.3%(14/

15)

6.7%(1/15)

60%(9/15)

40%(6/15)

0% (0/15)

100%(15/

15)

60%(9/15)

40%(6/15)

6.7%(1/15)

53.3%(8/1

5)

46.7%(7/1

5)

40%(6/15)

60%(9/15)

0% (0/15)

73.3%(11/

15)

26.7(4/15)

46.7%(7/1

5)

53.3%(8/1

5)

0%(0/24)

100%(24/2

4)

87.5%(21/

24)

12.5%(3/2

4)

0%(0/24)

100%(24/2

4)

87.5%(21/

24)

12.5%(3/2

4)

0%(0/24)

100%(24/2

4)

62.5%(15/

24)

37.5%(9/2

4)

0%(0/24)

100%(24/2

4)

75%(18/24

25%(6/24)
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Excellent, 57.1%(4/ 28.6%(2/

(<1%) 7) 7)

Very 42.9%(3/ 57.1%(4/
good, (1- 7) 7)

3.9%)

Good 0% (0/7)  14.3%(1/

7)
(4-6.9%)

Moderat - -
e, (7—

9.9%)

Poor - -

(>10%)

rTEM

Excellent, - -

42.9%(3/

7)

28.6%(2/

7

14.3%(1/

7)

14.3%(1/

)

28.6%(2/

7)

42.9%(3/

7)

28.6%(2/

7)

73.3%(11/

15)

26.7%

(4/15)

20% (3/15)

80%

(12/15)

20%

(3/15)

26.7%

26.7%

(4/15)

60%(9/15)

6.7%(1/15)

6.7%(1/15)

46.7%(7/1

33.3%(5/1  95.8%(23/  87.5%(21/
5) 24) 24)
46.TH(T/L A2%(1/24)  12.5%(3/2
5) 4)
6.7%(1/15) - -
6.7%(1/15) - -

26.7% - -

41.7%(10/

24)

50%(12/24

)

4.2%(1/24)

4.2%(1/24)

45.8%(11/

24)

45.8%(11/

24)

8.3%(2/24)
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(<1%) (4/15) 5) (4/15)

Very - - - - 46.7% 40% 26.7% 26.7% 75%(18/24  70.8%(17/  37.5%(9/2  41.7%(10/
good, (1- (7/15) (6/15) (4/15) (4/15) ) 24) 4) 24)
3.9%)
Good 14.3%(1/ - - - 20% (3/15) 33.3% - 40%(6/15)  25%(6/24)  16.7%(4/2  45.8%(11/  45.8%(11/
7) (5/15) 4) 24) 24)
(4-6.9%)
Moderat  14.3%(1/ 28.6%(2/ - - 6.7%(1/15) - 6.7%(1/15) - - 12.5%(3/2  12.5%(3/2  12.5%(3/2
e, (7- 7) 7) 4) 4) 4)
9.9%)
Poor 71.4A%5/  71.4%5/ 100%(7/ 100%(7/  6.7%(1/15) - 6.7%(1/15) 6.7%(1/15) - - 4.2%(1/24) -
7) 7) 7) 7)
(>10%)
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5. DISCUSSION

The publication of Validation of the portable next-generation VECTRA H2 3D imaging system for periocular
anthropometry lays the foundation for future applications of portable 3d imaging systems in the periocular area.
This study evaluated the differences in the reliability of two different 3D stereoscopic imaging devices used to
quantify periocular morphology in Caucasian populations. To our knowledge, this is the first investigation to
assess the reliability of portable 3D techniques in periocular anthropometry. Previous studies on periocular
anthropometry have been based on static 3D imaging devices [57-60]. Therefore, the above study may facilitate
the widespread use of portable devices in the study of periocular morphological changes. Static 3D
stereophotogrammetry and landmark localization protocols are reliable (or precise) and accurate techniques for
periocular anthropometry, the present study found that the reliability of portable devices for periocular

measurements was generally consistent with that of static devices.

Existing studies have positively evaluated the reliability of both static and portable Vectra 3D imaging devices.
Guo et al. verified the high reliability of the static VECTRA M3 stereophotogrammetric system for periocular
anthropometric measurements, with the highest reliability for intra-measurer measurements, followed by inter-
measurer and intra-device measurements[56]. In contrast, current studies of portable devices have focused on
the face and have not assessed the reliability of periocular measurements. For this reason, this study compared
the static device VECTRA M3 with the portable VECTRA H2 for periocular measurements. The results showed
that the static device VECTRA M3 and the portable VECTRA H2 are the same in intra-device reliability metrics
and even better in some cases for the H2. The inter-device reliability decreases compared to the intra-device,
but the inter-device reliability improves when we take the average of the results of the two captured images. The
intra-device reliability of VECTRA M3 in this study is consistent with the results of Guo et al. Both static and
portable devices proved capable of obtaining accurate 3D images of the periocular area, but differences still
existed between the systems. This difference may be because three consecutive acquisitions of the Vectra H2

may negatively affect the accuracy of the captured 3D images.

Forty-nine periocular data in the current study included 37 linear distances, seven curve distances, and five
angles, mainly divided into eyelid fissure-related variables, upper eyelid fold-related variables, and eyebrow-
related variables. The mean of M3 measurements ranged from 3.39-89.93 mm, or 40.93-168.33°, which is more

consistent with the previous M3 measurements reported in the literature (4.02 to 90.72 mm or 36.41° to 166.77°);
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and the mean of the current H2 measurement was 3.52-90.91 mm or 39.70-167.19°, which is also generally
consistent with the above two measurements of M3. In the intra-device comparison for M3 there were no
significant differences for the remaining 45 variables except for four variables PFH, ID, LPML, and MCA (p <
0.001, p= 0.037, p= 0.042, p= 0.009); while for H2 there were no statistically significant differences for the
remaining 46 variables except for EPD_|, EExDI_I, and UPML (p= 0.044, p= 0.039, p= 0.002). When comparing

between M3 and H2devices, all 34 variables were significantly different except for 15.

Since the portable Vectra H2 is being used for the first time for periocular measurements, a complete evaluation
of the device's reliability is needed to prove its validity and reliability as a tool for periocular measurements.
Reliability is one of the most commonly used metrics for evaluating anthropometric errors, indicating the degree
to which repeated measurements give the same value. The main statistical methods commonly used in previous
studies include ICC, MAD, REM, TEM, %TEM (or rTEM), total TEM, %total TEM, reliability coefficient (R), and
Pearson correlation coefficient [7, 9, 10, 13-17]. Since the current study compared different variables and
between different devices, only the first five statistical metrics were calculated to analyze the reliability of
periocular measurements. Previous studies have investigated the high intra- and inter-measurer reliability of the

Vectra M3 device, so the current study focused on the intra- and inter-device reliability of the two different devices.

Overall, our results show that intra-device reliability is largely consistent and highest for M3 and H2: MAD (0.13
and 0.12 units), REM (0.61 and 0.68%), TEM (1.02 and 0.80 units), rTEM (5.51 and 4.43%), and ICC (0.89 and
0.89). The next comparison is between M3 and H2 devices, with values of 0.63 units, 2.83%, 1.31 units, 7.62%,
and 0.79 for MAD, REM, TEM, rTEM, and ICC, respectively. Reliability is somewhat improved when using the
average of the two captured image measurements for H2 and M3, with values of 0.62 units, 2.69%, 1.10 units,
5.57%, and 0.83%, respectively. This lower inter-device reliability may be because, in addition to calibration
errors, subject repositioning errors, and landmark positioning errors, photographic errors from different devices

were added to the inter-device errors.

Previous literature has reported that smaller measurements typically have lower mean absolute difference (MAD)
and technical error of measurement (TEM) estimates and higher relative error of measurement (REM)
estimates[61, 62]. The upper eyelid folds variables in this study had the smallest values of measurements (M3:
3.77-6.93 units, H2: 3.52-7.42 units), followed by eyebrow-related variables (M3: 10.08-70.96 units, H2: 9.43-

71.37 units) and palpebral fissure related variables (M3: 11.91-168.33 units, H2: 11.90- 167.19 units). Thus,
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eyelid fold-related variables showed the lowest MAD, TEM, and highest REM, rTEM; they had moderate or poor
intra-device reliability, and poor inter-device reliability. The eyebrow-related variables showed slightly higher
MAD and TEM but slightly lower REM and rTEM; they all had very good or good intra-device reliability and good
inter-device reliability. The eyelid fissure-related variables had the maximum MAD and TEM correspondingly,
the REM and rTEM were relatively minimal; their intra- and inter-device reliability was excellent or very good or
good. Overall, the lid fissure-related variables had the highest reliability, followed by the eyebrow-related
variables, and the upper eyelid folds variables. The above results are more consistent with Guo et al.'s evaluation

of the intra-rater, inter-rater, and intra-method reliability of these three categories of periocular variables[56].

There are some limitations to this study. As children and disabled people cannot ensure they remain still during
photography, only healthy Caucasian adults who are easy to cooperate with were included in this study. All
photographs in this study were captured indoors in the exact fixed location, underutilizing the portability feature
of the VECTRAH2 device. The data measured were linear distances, curves, and angles around the eye, without
measuring the area and volume, another advantage of the 3d camera. Thus, future studies could evaluate the
reliability of portable 3D devices in people of different ages, races, and health conditions, in different locations
and environments (e.g., hospital rooms, operating rooms, outdoors), and for the periocular area and volume

measurements.
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