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ABSTRACT

Introduction: In this study, we measured the
volume of customized tumor models in the
periocular area using three-dimensional (3D)
stereophotogrammetry and evaluated the
reproducibility of these measurements.

Methods: Five tumor models of different colors
and sizes were placed in different periocular
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positions, and 3D facial images were obtained
from 68 healthy adult volunteers. Subsequently,
the volumes of the tumor models were mea-
sured, and the intra- and interrater repro-
ducibility was assessed.

Results: The gray 6 mm model revealed the
highest reliable measurements in both Cau-
casians (intra- and interrater intraclass correla-
tion coefficients of 0.981 and 0.899, mean
absolute difference of 1.446 and 3.327 mm?,
relative error measurement of 3.497% and
8.120%, technical error of measurement of
1.450 and 3.105 mm?, and relative technical
error of measurement of 3.506% and 7.580%)
and Asians (0.968 and 0.844, 1.974 and
4.067 mm?>, 4.772% and 9.526%, 2.100 and
4.302 mm?, and 5.076% and 10.076%, respec-
tively). The highest reliability of measurements
in the lateral upper eyelid (0.88 and 0.95, 4.042
and 3.626 mm?, 9.730% and 9.020%, 5.714 and
3.358 mm?®, and 9.730% and 8.350%, respec-
tively) and medial upper eyelid (0.81 and 0.89,
4.313 and 4.226 mm?®, 9.730% and 9.020%,
6.098 and 4.069 mm?, and 9.730% and 8.350%,
respectively) with eyes closed was evident in
Caucasians, while the same trend (0.841 and
0.815, 2.828 and 3.757 mm?>, 9.860% and
9.840%, 4.052 and 4.308 mm?, and 9.860% and
9.740%, respectively) was observed in Asians in
the medial canthus with eyes closed.
Conclusions: This study confirms, for the first
time, the high reliability of periocular tumor
volume measurements using 3D
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stereophotogrammetry, suggesting its feasibility
for eyelid tumor measurement. Further trials are
required to investigate its clinical use for docu-
mentation and follow-up of different eyelid
tumors.
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Tumor; Volume

Key Summary Points

Three-dimensional imaging systems have
questionable reliability for volume
measurements in the periocular region.

Three-dimensional;

We aimed to evaluate the reliability of the
Vectra M3 3D imaging system for
periocular volume measurement.

This study confirms the high reliability of
volume measurement of larger gray tumor
models, especially in the medial canthus
of the closed eye in Asians.

Further trials are required to investigate its
clinical use for documentation and
follow-up of different eyelid tumors.

INTRODUCTION

The periocular region consists of the upper and
lower eyelids, medial canthus, lacrimal system,
and lateral canthus. Owing to increased expo-
sure to ultraviolet (UV) radiation, the incidence
of skin cancer in this anatomical location is
relatively high. Approximately 5-10% of skin
malignancies occur in the periocular region.
Basal cell carcinoma (BCC) is the most common
periocular malignancy, followed by squamous
cell carcinoma (SCC), sebaceous gland carci-
noma (SGC), and cutaneous melanoma [1].
Periocular tumors occur more frequently in the
lower eyelid (48%) or medial canthus (27%)
than in the upper eyelid (25%), which is pro-
tected from UV radiation by the eyebrows [2].
Periocular tumors may affect the function and
esthetics of the eye, with potentially devastat-
ing effects on the patient’s vision and quality of

life [3]. In addition, periocular tumors are
adjacent to important sites such as the orbit,
sinuses, and brain, and often develop and
metastasize without being detected by the
patient or physician [4]. Therefore, timely
diagnosis and treatment of periocular tumors,
especially malignant tumors, is vital. The peri-
ocular region has a relatively constricted anat-
omy; therefore, limited surgical excision may
require reoperation, while aggressive tissue
excision may require extensive tissue recon-
struction.  Therefore, ensuring complete
removal of eyelid tumors with safe margins
while preserving as much eyelid and surround-
ing tissues as possible is a challenge. Quantita-
tive measurement analysis of periocular images
is expected to address this issue.

Stereophotogrammetry is currently the most
promising technique for soft tissue assessment.
It uses a high-resolution and fast-acquisition
camera system to capture images of individuals
from different angles and reconstruct a three-
dimensional (3D) image. A typical static 3D
imaging device, Vectra M3 (Canfield Scientific,
Fairfield, NJ, USA), consists of six cameras in
three modules mounted on a tripod. The system
has a resolution of 1.2 mm and an acquisition
time of 3.5ms, and costs more than 50,000
euros. With the development of high-resolution
camera technology, 3D imaging systems have
been widely used in craniofacial, maxillofacial,
and facial esthetic procedures [5, 6] and are
being increasingly used for ophthalmic appli-
cations and studies. In recent studies, detailed
protocols for periocular landmarks have been
developed [7, 8], and the accuracy and reliabil-
ity of linear, angular, and area measurements in
the periocular region have been verified [9-12].
However, the reproducibility of volumetric
measurements in the periocular region has not
been fully validated. A study has indicated that
the use of 3D imaging systems to assess changes
in periorbital surface volume is accurate and has
interobserver reproducibility [13]. Stereoscopic
volume measurements with 3D imaging sys-
tems have a great potential for applications in
the diagnosis of diseases of the periorbital
region, treatment monitoring, and assessment
of surgical outcomes (for example, assessment
of eyelid tumors, scars, or lesions).
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In this study, we evaluated the repro-
ducibility of the Vectra M3 3D imaging system
to measure the volume of different 3D-printed
tumor models at different periocular locations,
thus demonstrating the feasibility of this system
for quantifying the volume of periocular
tumors.

METHODS

Participant Population

On the basis of a two-sided 5% significance level
with 80% power and medium effect size, this
study recruited 68 ethnically diverse healthy
adults aged < 50 years. All participants pro-
vided written informed consent. This study
followed the principles of the Declaration of
Helsinki and was approved by the Ethics Com-
mittee of the University of Cologne (approval
number 17-199). All of the patients gave specific
consent for the publication of their data and
images.

3D-Printed Models

The company, 3DPRINT.LU (AMSOL, Luxem-
bourg) designed and printed five resin models
using a 3D printer (Table 1). Flesh-colored
semicircular models of diameters of 6, 4, and
2 mm were numbered 1, 2, and 3, respectively,
and black and gray semicircular models of
6 mm diameter each were numbered 4 and 35,
respectively. Models 1-5 were placed in the
middle of the lower eyelid and underneath the
eyelid margin (Fig. 1). Eight identical models
numbered 1 were simultaneously affixed to
eight different periocular locations: the exo-
canthion, endocanthion, and upper medial,
upper middle, upper lateral, lower medial, lower
middle, and lower lateral eyelids (Fig. 1). Each
model was affixed at a distance of 5 mm from
the eyelid margin to minimize the effect of
eyelashes on the measurement.

3D Image Acquisition

Volunteers with eyes open and closed were
photographed using the VECTRA M3 3D imag-
ing system. Before taking the pictures, the vol-
unteer’s hair was pulled back to expose the
entire face. The face should not have any
makeup to obtain a clear image. Volunteers
were asked to sit in front of the camera with
their heads straight and facial expressions
relaxed. An experienced researcher and pho-
tographer (W.F.) acquired the images under the
same lighting conditions.

Data Measurements

Two independent raters [rater 1 (W.F.) and rater
2 (P.K.)] performed the measurements on a
standard desktop computer using the software
provided by VECTRA M3 (VECTRA 3D analysis
module). Rater 1 repeated measurements twice
for each image (measurements 1.1 and 1.2), and
rater 2 performed the measurements only once
for each image (measurement 2.1).

Volume Difference Between Two Surfaces
(Parallel Projection)

The volume measurements were performed as
follows: from the obtained images, pre (before
adding the 3D model volume) and post (after
adding the 3D model volume) surface images
were selected. These two surfaces were super-
imposed by aligning the surface area [14]
(Fig. 2A). The superimposed images were veri-
fied to be in accurate alignment in 3D to avoid
registration artifacts. When two surfaces are
superimposed, the volumetric analysis software
produces a quantitative measure of variation or
error, called the root mean square (RMS) error
value [15], which is calculated as the square root
of the sum of the squared deviations in all three
spatial directions. In previous studies, RMS
threshold values equal to or less than 0.5 mm
were described as the maximum clinically
acceptable level of variation [16]. Therefore, we
repeated the superimpositions and checked the
alignment until RMS values in this range were
obtained [17, 18], thereby ensuring that the
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Table 1 Intra- and interrater statistical differences in 3D volume measurements

3D models Positions Eye status Caucasians Asians
Intrarater Interrater Intrarater Interrater
1 Exocanthion Open eye 0.018* 0.021* 0.627 0.264
Closed eye 0.003** 0.124 0.611 0.418
Upper lateral eyelid Open eye 0.123 0.975 0.895 0.894
Closed eye 0.104 0.699 0.100 0.252
Upper middle eyelid Open eye 0.077 0.195 0.989 0.405
Closed eye 0.200 0.719 0.110 0.914
Upper medial eyelid Open eye 0.144 0.344 0.986 0.331
Closed eye 0.103 0.712 0.152 0.993
Endocanthion Open eye 0.081 0.878 0.575 0.184
Closed eye 0.349 0.398 0.475 0.272
Lower medial eyelid Open eye 0.018* 0.013* 0.858 0.096
Closed eye 0.861 0.306 0.751 0.297
Lower middle eyelid Open eye 0.148 0.033" 0.375 0.107
Closed eye 0.977 0.867 0.462 0.4027
Lower lateral eyelid Open eye 0.087 0.004** 0.643 0.153
Closed eye 0.046* 0.433 0.410 0.5617
2 Lower middle eyelid Open eye 0.7247 0.007** 0.073 0.1407
3 0.111 0.363 0.071 0.139
4 0.556 0.990 0.605 0.16
5 0.307 0.634 0.197 0.043*

The p values stand for differences analyzed by paired #test. +Reprcsents p values calculated from Wilcoxon’s signed-rank test.

*Represents p < 0.05

images were correctly superimposed (Fig. 2B).
The final volumetric measurements were recor-
ded in milliliters (mL) and calculated as the
difference between the two registered surface
maps in the same area (where the 3D model was
placed) on the corresponding image (Fig. 2C).

Statistical Analysis

Differences between the intra- and interrater
measurements were expressed as the mean
absolute difference (MAD) and relative error

measurement (REM), technical error of mea-
surement (TEM), and relative TEM (rTEM).
Intra- and interrater reliability analyses were
performed by comparing measurements 1.1 and
1.2 and measurements 1.1 and 2.1, respectively.

In a previous maxillofacial study, the
acceptable error threshold for MAD and TEM
was set to less than two units [19]. Because the
values in the periocular region are smaller, some
studies have suggested that their thresholds
should be less than one unit [20, 21]. REM and
rTEM were graded as < 1%, 1-3.9%, 4-6.9%,
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Fig. 1 3D images of the tumor model 1-5 in the
periocular region. A Model 2 (4 mm, flesh color) in the
middle of the lower eyelid; B model 3 (2 mm, flesh color)
in the middle of the lower eyelid; C model 4 (6 mm, black
color) in the middle of the lower eyelid; D model 5 (6 mm,
gray color) in the middle of the lower eyelid; F model 1
(6 mm, gray color) in eight periocular positions—the
exocanthion, the endocanthion, and the upper lateral, the
upper middle, the upper medial, the lower medial, the
lower middle, and the lower lateral eyelid with eyes open;
F model 1 (6 mm, gray color) in eight periocular positions
with eyes closed

7-9.9%, and > 10%, which were considered
excellent, very good, good, moderate, and poor
agreement, respectively [22]. The intraclass
correlation coefficient (ICC) was used to assess
agreement between two sets of measurements.
ICC < 0.5 was considered poor, 0.5-0.75 was
moderate, 0.75-0.9 was good, and ICC > 0.9
was excellent agreement [23].

Fig. 2 Procedure for photo capture and volume measure-
ment of periocular tumor models. Superposition and
registration of two photos and measurement of volume

change of periocular tumor models. A Superimposition of
two images using surface-area-based registration; B images
after superimposition of two photos; C two 3D scans with
and without the tumor model were captured, and the area
where the tumor model was located was selected (blue).
The tumor model generates the difference between the two
surfaces, and the software automatically calculates the
volume

SPSS software version 26.0 (IBM, New York,
NY, USA) was used for the statistical analyses.
Bar charts were generated using GraphPad Prism
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(GraphPad Software, Inc., San Diego, CA, USA).
The Shapiro-Wilk test was used to determine
whether the data were normally distributed. For
normally distributed data, paired t-tests were
applied to analyze the presence of statistically
significant differences between the two data
groups. The Wilcoxon signed-rank test was used
for non-normally distributed data. Statistical
significance was defined at p < 0.05.

RESULTS

Of the 68 recruited adults, 38 were female and
30 were male, aged between 19 and 44 years
(mean 28.2 + 4.0 years). Thirty-seven volun-
teers were of East Asian ethnicity (18 men and
19 women), and the remaining 31 volunteers
were of Caucasian ethnicity (12 men and 19
women). There were no statistically significant
differences in the results of paired t-tests or
Wilcoxon signed-rank tests in Asians for all
models except model 5; no statistically signifi-
cant differences were found for the results at the
upper eyelid and medial canthus in Caucasians
(Table 1).

3D Models with Different Sizes

For Caucasians, models 1 and 2 were not sig-
nificantly different in any comparison, except
interrater comparison; model 3 was not signifi-
cantly different in any comparison. No signifi-
cant differences were found in Asian periocular
measurements for any comparison. Among the
three flesh-colored semicircular models [models
1 (6 mm), 2 (4 mm), and 3 (2 mm)], the relia-
bility of measurements of the larger model 1
was relatively better in both Caucasians (good
intra- and interrater ICC and moderate intrara-
ter REM) and Asians (excellent intrarater ICC,
good interrater ICC and intrarater REM, and
moderate 1TEM) (Fig. 3).

3D Models with Different Colors

Among Caucasians, no comparison was signifi-
cantly different except interrater comparisons
for model 1. In Asians, data showed no

statistically significant differences in any com-
parison, except interrater comparisons for
model 5. Of the three larger semicircular models
of different colors [models 1 (flesh color), 4
(black), and 5 (gray)], measurements of the gray
model 5 had relatively better reliability in the
middle lower eyelid in both Caucasians and
Asians, followed by those of the flesh-colored
model 1 and black model 4. For gray model 5
measurements, Caucasians exhibited intrarater
MAD and TEM less than 2 mm?, excellent intra-
and interrater ICC, very good intrarater REM
and rTEM, and moderate interrater REM and
r'TEM; intrarater MAD in Asians was less than
2mm?, and they showed excellent intrarater
ICC, very good inter-rater ICC, good intrarater
REM, and moderate rTEM (Fig. 3).

3D Models at Different Positions

Eyes Open

With eyes open, four periocular positions in
Caucasians (lateral, middle, and medial upper
eyelid and endocanthion) and all eight perioc-
ular positions in Asians were not significantly
different in any comparison. The reliability of
measurements in the endocanthion and upper
lateral eyelid was relatively better in both Cau-
casians and Asians with eyes open. In the
endocanthion, the intrarater MAD and TEM for
Caucasians were less than 2 mm?, and they had
excellent intrarater ICC, moderate interrater
ICC, REM, and rTEM, and very good intrarater
REM and rTEM, but most of the values (24/31
variables) in this position could not be mea-
sured. For Asians, both intra- and interrater
MAD and TEM exceeded 2 mm?®, and they had
moderate intrarater ICC, intrarater REM, and
interrater REM and 1TEM and excellent inter-
rater ICC. In the upper lateral eyelid in Cau-
casians, both intra- and interrater MAD and
TEM greater than 2 mm?, excellent intrarater
ICC and interrater ICC, and good intrarater
REM and rTEM were observed. In Asians, intra-
and interrater MAD and TEM were greater than
2 mm?, intrarater ICC and interrater ICC were
excellent, and intrarater REM and interrater
REM and rTEM were moderate. In general, with
eyes open, Caucasians had the highest
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i
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Models

Fig. 3 Intra- and interrater reliability of MAD, TEM,
REM, and rTEM for volume measurements of different
tumor models. MAD mean absolute difference, TEM

reliability for measurements in the lateral upper
eyelid, and Asians had better reliability for
measurements in the medial canthus and lateral
upper eyelid (Fig. 4).

Eyes Closed

With eyes closed, Caucasians exhibited no sig-
nificant differences at any position except for
intrarater comparisons in the endocanthion
and exocanthion. Periocular volume measure-
ments in Asians with eyes closed showed no
significant differences in any position. All Cau-
casians had MAD and TEM greater than 2 mm?,
good intrarater ICC, excellent interrater ICC,
and moderate intrarater REM, interrater REM,
and 1TEM for the lateral upper eyelid, followed
by the medial upper eyelid, for which Cau-
casians exhibited good intrarater and interrater
ICC and moderate intrarater REM, interrater
REM, and rTEM. For the medial canthus, inter-
rater MAD and TEM were less than 2 mm?,
intrarater ICC was poor, interrater ICC and
interrater REM were good, and rTEM was very

rTEM

200 =

1101

Model 1 Modol2 Model 3 Model 4 Model 5

Models

=
=
==

Intra-rater TEM for Caucasian
Intra-rater TEM for Asian
Inter-rater TEM for Caucasian
Inter-rater TEM for Asian

Intra-rater rTEM for Caucasian
Intra-rater rTEM for Asian
Inter-rater rTEM for Caucasian
Inter-rater rTEM for Asian

150 -

£100
50

Lda

Model 1 Model 2 Model 3 Model 4 Model 5

Models

technical error of measurement, REM relative error
measurement (REM), »TEM relative technical error of
measurement

good, while both intrarater REM and 1TEM were
poor. At the exocanthion, MAD and TEM in all
Asians were greater than 2 mm?®, intrarater and
interrater ICC, intrarater REM, and rTEM were
good, and interrater REM and rTEM were mod-
erate; MAD and TEM at the endocanthion were
more than 2 mm?, intrarater and interrater ICC
and intrarater REM were good, and intrarater
1TEM, interrater REM, and rTEM were moderate.
Overall, volume measurements of periocular
objects were most reliable at the medial and
lateral upper eyelid in Caucasians with eyes
closed. Although the reliability of measure-
ments in the medial canthus was reduced
compared with that of the open eye, the results
were obtained for each measurement when the
eyes were closed. The reliability of measure-
ments in the exocanthion and endocanthion
was higher in Asians when the eyes were closed.

I\ Adis



118 Ophthalmol Ther (2023) 12:111-123
=1 Caucasian with eyes open
== Caucasian with eyes closed £ Cancasian whti eyss oped
MAD intra-rater m==1 Asian with eyes open MAD inter-rater == Caucasian with eyes closed
== Asian with eyes closed === Asian with eyes open
8 20 m— Asian with eyes dlosed
6 15
- as
£ E
g sg10
2 5
0 0
,\g & & f’ “é" & & & & & .;s .‘y &\J .(,,a & ; &
& & & & & & & /"f & &S f‘“& & &S &
o o o o & o A R
Positions Positions
== Caucasian with eyes open
== Caucasian with eyes open
== Caucasian with eyes closed
== Caucasian with eyes closed
TEM intra-rater " Asian with eyes open TEM inter-rater === Asian with eyes open
m— Asian with eyes closed = eien it yos closed
15 o 80
60
10
=g =4
B8 B0
5
20
0 0
& & & & & & d & e & & & o & & '
& & 5 & & 8 - & P 8 & e & S o o
& & & & & & & & & & & & & & & &
T e A A T
Positions Positions
== Caucasian with eyes open == Caucasian with eyes open
== Caucasian with eyes closed == Caucasian with eyes closed
REM intra-rater REM inter-rater
== Asian with eyes open == Asian with eyes open
25 m— Asian with eyes closed 40 m— Asian with eyes closed
20
30
15
3¢ §820
10
5 10
0 0
LA A N S R S S LA A S A S S R
L4 & & S s & & d ,f'\ & S & & &
A N N E A A
Positions Positions
== Caucasian with eyes open == Caucasian with eyes open
== Caucasian with eyes closed
== Caucasian with eyes closed
rTEM intra-rater rTEM inter-rater == Asian with eyes open
== Asian with eyes open }
m— Asian with eyes closed
25 mm Asian with eyes closed 150
20
48 100
s e
£ £
10
50
5
0 0
LAV A S S LA 4 o CAN SN S S S G
9 g 3 &
A A A A A A YA A A A A
& C E A PR S
Positions Positions

Fig. 4 Intra- and interrater reliability of MAD, TEM, REM, and rTEM for model 1 volume measurements at different

periocular positions with eyes open and closed

DISCUSSION

This study creatively used an indirect measure-
ment of the volume of a periocular tumor

model by comparing the volume changes
between two parallel projected surfaces. Fur-
thermore, this study validated the intra- and
interrater reliability to assess the feasibility of
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this method in clinical practice. Our findings
revealed that among the five different tumor
models, the largest gray model 5 (6 mm in
diameter and 3 mm in height) had the highest
reliability in measurement among Asians (intra-
and interrater ICC: 0.968 and 0.844, MAD:
1.974 and 4.067 mm® REM: 4.772% and
9.526%, TEM: 2.100 and 4.302 mm?, and rTEM:
5.076% and 10.076%) and Caucasians (0.981
and 0.899, 1.446 and 3.327 mm?®, 3.497% and
8.120%, 1.450 and 3.105 mm?, and 3.506% and
7.580%, respectively). Of the eight different
periocular locations, Caucasians had the high-
est reliability for measurements in the lateral
upper eyelid (0.88 and 0.95, 4.042 and
3.626 mm?®, 9.730% and 9.020%, 5.714 and
3.358 mm?, and 9.730% and 8.350%, respec-
tively) and medial upper eyelid (0.81 and 0.89,
4.313 and 4.226 mm?, 9.730% and 9.020%,
6.098 and 4.069 mm?, and 9.730% and 8.350%,
respectively) with eyes closed. Asians had the
highest reliability for measurements in the
medial canthus (0.841 and 0.815, 2.828 and
3.757 mm?3, 9.860% and 9.840%, 4.052 and
4.308 mm?, and 9.860% and 9.740%, respec-
tively) with eyes closed. This research extends
the application of 3D imaging systems for vol-
umetric measurements in the periocular region,
which lays the foundation for the development
of new 3D imaging techniques for the preven-
tion, diagnosis, and postoperative evaluation of
eyelid tumors.

To the best of our knowledge, this is the first
study to validate 3D imaging for the assessment
of periocular tumor volumes. The use of 3D
imaging to assess volume changes in periorbital
soft tissue and facial morphology has been
reported to be reliable in several previous stud-
ies [13, 24-26]. Volume changes in the perior-
bital region have been accurately assessed using
3D image reconstruction with good interob-
server reproducibility [13]. In addition, 3D
scanning techniques are useful for assessing
palatal volume in patients with cleft lip and
palate [27], nasal soft tissue changes, upper lip
volume after orthognathic surgery [28], breast
volume [29], and volume changes in acute
edema caused by burns [30].

Our study shows that the reliability of mea-
surement of the 6-mm-diameter tumor model 1

(Caucasian: intra- and interrater ICC: 0.882 and
0.831, MAD: 2.946 and 4.804 mm® REM:
8.520% and 13.663%, TEM: 3.871 and 4.847
mm?, and rTEM: 11.192% and 13.785%; Asian:
0.971 and 0.823, 2.167 and 4.969 mm?>, 6.234%
and 13.967%, 2.613 and 5.799 mm?®, 7.518%
and 16.301%, respectively) was higher than that
of the 4-mm- and 2-mm-diameter tumor mod-
els (models 2 and 3) and showed a trend toward
higher reliability with larger size. One study
reported that the most common tumors in the
periocular area, BCCs, are mainly 6-10 mm in
diameter [31]. Furthermore, large tumor size is a
risk factor for aggressive BCC [32]. Thus, our
study reveals the great potential of 3D imaging
devices for the volumetric measurement of large
invasive eyelid BCCs.

Comparing the three different color tumor
models, measurements of the gray tumor model
were the most reliable, followed by those of the
flesh-colored and black tumor models. The most
common tumors around the eye, such as BCC
and SCC, are predominantly flesh colored. In
some cases, gray pigmentation can be observed
in BCCs [33]. In contrast, rarer uveal melano-
mas are pigmented, with predominantly brown
and gray pigmentations, while white and black
pigmentations may also be observed [33].
Therefore, volumetric measurements of gray
BCCs and eyelid melanomas using stereoscopic
imaging equipment have relatively good
reliability.

Periocular BCC can be found in patients of
all ages, but is most common in older adults,
fair-skinned individuals, and those with signif-
icant sun exposure [34]. It is reported to occur
most often in the lower eyelid and inner can-
thus, followed by the upper eyelid and lateral
canthus [34-37]. However, the incidence of
BCC in the upper eyelid has been reported to be
higher than that in the lower eyelid [38]. Our
findings suggest that measurements of tumors
in Caucasians had higher reliability in the lat-
eral upper eyelid when the eyes are open and in
the medial and lateral upper eyelids when the
eyes are closed. Therefore, BCCs of the lateral
upper eyelid can be considered for volumetric
measurements using stereotactic imaging
equipment with the eyes open. Moreover,
closed eyes can improve the reliability for
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measurements of BCC in the medial upper
eyelid, possibly because closed eyes can reduce
the interference of eyelashes on image capture
and volume measurement of upper eyelid
tumors. Invasion of the orbit by periocular BCC
is uncommon, with a reported incidence of <
5% [39]. The most invasive BCCs in the orbit
involve the medial canthus [39], and they are
difficult to detect clinically because BCCs in the
medial canthus rarely invade the lacrimal sys-
tem through mucosal spread [40, 41]. Lesions in
the lateral canthus may also present as
intracranial invasion of the orbit [42]. Our
results show the highest reliability in Asians for
the inner and outer canthus with eyes closed,
which provides a new potential approach for
detection of BCC in the inner and outer can-
thus. SCC is common in Caucasians and Asians,
with most periocular SCCs occurring in the
lower eyelid, followed by the medial canthus,
upper eyelid, and lateral canthus [1, 35, 43-46].
Upper eyelid SCCs in Caucasians can be con-
sidered for scanning and measurement with
eyes closed, whereas measurements of upper
eyelid SCCs in Asians are more reliable with
eyes open and of medial and lateral canthus
with eyes closed. SGCs have been reported more
frequently in Asians, especially in China, India,
and Nepal, with SGCs being the most common
or second most common periocular malignancy
in studies from these regions [47, 48]. The
incidence of SGC is two to three times higher
owing to the presence of more lid glands in the
upper eyelid [47-49]. Therefore, for SGCs of the
external upper eyelid in Asians, scanning with a
3D imaging device while the eyes are open
should be considered.

This study has some limitations. First,
although the reliability of volume measure-
ments differed between groups, the overall
reliability needs further improvement, which
may be related to the fact that the tumor
models used in this study were small and too
similar in color to the skin tissue. Therefore, the
reliability of the gray tumor model with a larger
size needs to be investigated further. Second,
because children and older adults are unable to
remain stationary for long periods, we did not
include them in this study to avoid introducing
additional variables. Further studies are needed

to determine whether these results are consis-
tent in children and the elderly population. In
addition, we evaluated only the reliability of
measuring volume changes using this method
of superimposition and registration of preoper-
ative and postoperative images and did not
analyze the accuracy. Further clinical studies are
required to assess the accuracy of this method.
Finally, we suggest that this method should be
applied clinically to assess its feasibility and
treatment efficacy by measuring volume chan-
ges in patients with eyelid tumors before and
after surgery. In addition, changes in tumors
over time could be a sign of malignant disease;
therefore, this method has a greater potential
for monitoring eyelid tumors for malignant
changes.

CONCLUSION

Our study confirmed the high reliability of
periocular tumor volume measurements using
3D stereophotogrammetry and demonstrated
the feasibility of volume measurement for eye-
lid tumors, particularly large gray tumors in the
medial canthus. Further studies are needed to
validate the 3D stereophotogrammetry tech-
nique for volumetric measurements of different
eyelid tumors.
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