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ZUSAMMENFASSUNG

Die Ultraschall-Biomikroskopie (UBM) ist ein etabliertes Verfahren in der
ophthalmologischen Diagnostik, wird jedoch vergleichsweise selten zur Untersuchung der
Augenlider oder periokularen Strukturen eingesetzt. In dieser Studie wurden 42 gesunde
Probanden (20 Manner, 22 Frauen; Alter 40,3+19,9 Jahre) mit hochauflésender UBM

(ABSOLU; Quantel Medical, Frankreich, 50 MHz) untersucht.

Untersucht wurden die wichtigsten anatomischen Strukturen des unteren Augenlids,
darunter die Kapsulopalpebralfaszie (CPF), der pratarsale Orbicularis (PTO), die Tarsalplatte,
der praseptale Orbicularis (PSO), der Bindehautkomplex sowie der Musculus depressor
orbicularis lateralis (DOL). Wahrend der Untersuchung wurden standardisierte
Ultraschallbilder aufgenommen, und die Dicke der genannten Strukturen in Primarblick- sowie
Aufblickposition mit dem ABSOLU-System analysiert und vermessen. Die Ergebnisse wurden

statistisch ausgewertet.

Dabei wurde festgestellt, dass sich einige Strukturen des unteren Augenlids wahrend
dynamischer Augenbewegungen verandern, wobei sich die Dicke derselben Struktur an
verschiedenen Messpunkten unterscheiden kann. Insbesondere zeigte der PSO im Aufblick
eine signifikante Reduktion der Dicke. Dartber hinaus lie} sich ein Zusammenhang zwischen
bestimmten Strukturen und dem Alter der Probanden beobachten: Einige Strukturen zeigten
eine altersabhangige Zunahme der Dicke. Zudem waren einzelne Strukturen bei mannlichen

Teilnehmern dicker als bei weiblichen.

Aus dieser Untersuchung lasst sich schlieRen, dass die UBM eine sichere, nicht-invasive
und effektive Methode zur Darstellung der Anatomie und altersbedingten Veranderung des
unteren Augenlids darstellt. Diese Technologie ermoglicht neue Einblicke in die periorbitale
Physiologie und Dynamik bei gesunden Personen und konnte darlber hinaus zur Beurteilung
von Erkrankungen oder zur Evaluierung kosmetischer sowie chirurgischer MaRnahmen

eingesetzt werden.



SUMMARY

Ultrasound biomicroscopy is a standard machine used for ophthalmic examinations, but
its use on the eyelids or periocular area is less common. Our study examined 42 healthy
volunteers using High-resolution ultrasound biomicroscopy (ABSOLU; Quantel Medical,
France, 50MHz). We used ultrasound technology to explore the main structures of the lower
eyelid, which include the capsulopalpebral fascia (CPF), the pre-tarsal orbicularis (PTO), the
tarsal plate, pre-septal orbicularis (PSO), the conjunctiva complex, and the depressor
orbicularis lateralis (DOL). During the examination, corresponding ultrasound images were
captured, and the thickness of the layers of the lower eyelid at the primary gaze position and
the up-gaze position were analyzed and measured using the ABSOLU system. The results
were then statistically analyzed. At the same time, the images and data collected during the
study were used to analyze the dynamic changes of the lower eyelid structure further when
the gaze direction changes and its age-related variation. We collected and analyzed images
of 42 volunteers taken by Ultrasound Biomicroscopy, including 20 men and 22 women (age
40.3119.9 years old). Our study recorded different structure thicknesses of the lower eyelid in
an eyeball movement in a healthy population, including the primary and up-gaze positions. We
found that some structures of the lower eyelid change during dynamic eyeball movements,
and the thickness of the same structure at various measurement points on the lower eyelid
also varies. In terms of gender and age differences, some of the lower eyelid structures thicken
with aging. Meanwhile, some parts of the lower eyelid structures in men are thicker than the

corresponding structures in women.

From this study, we have drawn the preliminary conclusion that using ultrasonic
biomicroscopy to safely and non-invasively examine the changes and morphology of the lower
eyelid is an effective way to gain insight into the eyelid and its aging process. This technology
is being used widely, enabling us to study periocular physiology and the dynamics of patients
with certain diseases. In addition, it can be used to evaluate the effects of cosmetic and

periocular surgery.



1. INTRODUCTION

Our research focuses on UBM observation and measurement of the lower eyelid and the
analysis of its dynamic changes and age-related variations on the basis of ultrasound images.
Therefore, we need to first gain an in-depth understanding of the anatomy of the lower eyelid,
and propose new research directions for analysis based on previous clinical images of non-

invasive examination of eyelid structure and previous research conclusions on eyelid aging.

1.1. Lower Eyelid Structure

The eyelid is a membrane skin fold located in front of the eyeball and divided into upper
and lower parts, whose primary function is to cover and protect the eyeball. The structure of
the lower eyelid, from the inner layer to the outer layer, consists mainly of the innermost layer
of orbital adipose tissue, subcutaneous fascia, the orbicularis oculi muscle, subcutaneous fat,
and skin. In terms of specific structures, the eyelid is divided into three layers: posterior, middle,
and anterior." The posterior layer includes the tarsal plate, orbicularis oculi muscle, and
conjunctiva. The middle layer refers to the combination of the orbital septum, orbital fat, and
infraorbital fibrous adipose tissue. The anterior layer includes the orbicularis oculi muscle and

skin.? Figure 1 shows the structure of each layer of the lower eyelid. Furthermore, the
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corresponding structures of the eyelid, particularly the lower eyelid, are described in detail

below.

Orbicularis oculi muscle Palpebra

conjunctiva
Bulbar
conjunctiva

Tarsus

Capsulopalpebral fascia

Inferior rectus muscle

Orbital adipose tissue

(Figure 1. a. Lower eyelid appearance. b. Lower eyelid layers.)
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1.1.1. Skin/Subcutaneous Tissue

The eyelid skin is the outermost structure of the lower eyelid, and the structure is visible
in the appearance. The skin of the lower eyelid has a unique anatomical feature that
distinguishes it from other structures. This is because it does not have subcutaneous fat, which
makes it one of the thinnest skin layers in the body. With an average thickness of about 0.6
millimeters, eyelid skin is particularly prone to wrinkle formation, reflecting its delicate nature.?
The subcutaneous tissues are composed of fatty cells and loose connective tissue. This
combination provides a degree of flexibility and mobility that is essential for the complex
movements of the eyelid. The margin of the eyelids is the boundary between the outer layer of
the eye and the inner layer of the eye. Thus, this area, as a transition zone between the delicate
structures in the eye and the external environment, serves as a boundary that helps maintain
the function and structural integrity of the lower eyelid.* Overall, the eyelid skin serves as an
essential protective shell for the eyeball, combining the triple functions of defense and motion
as well as appearance, and is the basis for our observation and research of the aesthetics of

the periocular area and related research.
1.1.2. Muscles

The lower eyelid performs a variety of eye movements and functions that are
accomplished with the assistance of its major muscles. Among the more common and typical
behaviors of the lower eyelid are blinking ( autonomous, spontaneous, or reflexive), eye closing
( voluntary or forced), partial drooping of the eyelid during squinting, normal contraction of the
eyelid in response to emotional states such as surprise or fear (startle reflex), and coordinated

vertical eye movements, which provide maximum protection for the eye.>®

The lower eyelid is less mobile than that of the upper one. The dominant muscle for
movement control in the lower and upper eyelids is called orbicularis. This muscle is situated
beneath the skin's surface.” Anatomically, it is composed of three separate segments as the
most functional eyelid muscle: the anterior segment of the septum, the anterior segment of

the levator palpebralis, and the orbital segment. The various anatomical segments of the lower
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eyelid are responsible for controlling the different functions and activities of the eye. The
anterior septal segments and the anterior segment of the levator palpebralis are responsible
for the involuntary blinking, and the orbital segment is responsible for the forced/voluntary
eyelid closure.® The upper orbicularis oculi muscle and the lower orbicularis oculi muscle are
responsible for covering the upper and lower lids' tarsal bones, respectively.® Further
anatomical analysis revealed that the medial portion of the prestental orbicular oculi muscle
can be divided into two head structures: the superficial head and the deep head. The superficial
head of the muscle is attached to the anterior limb of the medial canthal ligament. In contrast,
the deep head of the muscle is attached to the fascia surrounding the lacrimal sac and the
posterior lacrimal ridge. The superficial and deep heads of the pretarsal orbicularis oculi
muscle are similar to those found in the medial aspect of this muscle. The attachment to the
posterior lacrimal crest and the medial canthal tendon is deep, while the attachment to the
anterior lacrimal crest is superficial.'® In addition, the deep head of the preticularis oculi muscle,
which is also known as Horner’s muscle, is located on the posterior part of the muscle.! The
lateral canthal tendon is attached to the Horner muscle, which also serves as a component of

the lacrimal apparatus. It allows the tissues to drain tears.

The orbicularis muscles' junction of the upper and lower lids has a noteworthy feature
that involves a portion of the muscle that moves vertically on the lateral aspect of the orbicularis
oculi muscle.® This muscle, which is called the lateral descending muscle of the orbicularis
oculi, has a prominent brow-lowering effect. Lemke et al.’? identified this muscle when
exploring the mechanism of brow ptosis. They found a vertical muscle fascicle prevalent
adjacent to the lateral side of the orbicularis oculi muscle by dissecting human samples. In
their study, they named it vertical lateral orbicularis fibers and proposed that this vertical
structure may play an important role in forming brow ptosis and crow's feet. With the continuous
clinical exploration and anatomical study of brow ptosis correction surgery, the muscle has
been further defined in the literature. Tamatsu Y et al.’® elucidated that this muscle fiber is
comparatively separated from the lateral orbicularis oculi muscle, that it begins at the medial

orbicularis ligament, moves in an arc around the lower lid margin, is almost perpendicular to
13



the medial and lateral canthus, and terminates in the subcutaneous tissue to the lateral
orbicularis oculi ligament. Its width (4.90 + 2.58) mm is a clear reflection of the aging of the tail

of the eye and has a strong brow-lowering effect.

Moreover, there are some muscles in the lower eyelid that assist in the function of the
lower eyelid. The bleb fascia resembles the membrane of the upper lid's levator tendon. Its
fibers originate from the inferior rectus muscle, which can form the ligament of Lockwood.' In
addition, the lower eyelid also has a levator muscle like the one found in the upper one, similar
to the Millerian muscle of the upper eyelid. It is underdeveloped and is located just posterior

to the lower lid's capsular fascia.™
1.1.3. Tarsus

Tarsal plates are important components of the lower eyelids. Compared to the upper one,
the size of the lower one's tarsal plate is smaller. The eyelash follicles and meibomian glands
are included in the tarsal plate. It is composed of dense connective tissue.' Functionally, the
meibomian glands it contains play a major role in secreting the oil layer, slowing down
evaporation of the aqueous layer, and maintaining the surface tension of the tear film.®
Meanwhile, the eyelash follicles provide “soil” for eyelash growth and play an essential role in
protecting the ocular surface.'” Anatomically, the horizontal length of the upper and lower tarsal
plates is approximately 29 mm. Meanwhile, the length of the tarsal plate of the upper eyelid
perpendicular to the center of the eyelid is 10 to 12 millimeters, whereas the length of the tarsal
plate of the lower eyelid perpendicular to the center of the eyelid is at most 4 millimeters.'®
Regarding the tissue structure, according to literature records, there are about 30 meibomian
glands on the upper eyelid and 100 eyelashes divided into 2 or 3 rows. There are about 20
meibomian glands and 50 eyelashes on the lower eyelid, most of which are arranged in a
single row.”'® The rigid attachment of the two tarsals to the periosteum is maintained through
the lateral and medial canthal tendons. Along with the meibomian glands, arranged parallel to
and behind the eyelash line, the Zeis and Moll glands are associated with the eyelash follicles,

secrete lipids and modify sweat, respectively.?
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1.1.4. Conjunctiva

The innermost structure of the lower eyelid, known as the blepharon-conjunctiva, is an
important part of the ocular anatomy and plays a key role in maintaining ocular health and
function.?’ The lower eyelid blepharon-conjunctiva consists of a thin layer of mucous
membrane that covers the inner surface of the lower eyelid, with the tarsal plates as the
posterior boundary, extending forward to cover the front surface of the eyeball (also known as
the bulbar-conjunctiva) until the edge of the cornea.?? This transparent membrane consists
mainly of stratified columnar epithelium interspersed with a small amount of connective tissue
that gives the structure its elasticity and flexibility. The lining of the eyelid is characterized by
a layer of nonkeratinized squamous epithelium that transitions seamlessly into the conjunctival
epithelium that covers the ocular surface. Within the conjunctiva are accessory lacrimal glands
and specialized mucus-secreting goblet cells, which play a vital role in maintaining the ocular
tissues' delicate condition and preventing them from drying out.?® This intricate network of
structures emphasizes the important role of the lid conjunctiva in maintaining the integrity of

the eye and facilitating the smooth functioning of the ocular surface.

1.2. Methods of Eyelid Thickness Measurement

The eyelid is only a tiny part of the human body, and its anatomy is even tinier.
Understanding and mastering the anatomy of the eyelid is the basis for using non-invasive
tools for observation and measurement. In previous clinical activities, we have also tried to use

different measurement tools and observation equipment in the eyelid region.

Previous exploration and measurement of the morphology and thickness of various lower
eyelid structures were mostly based on intuitive cadaver anatomy.?*? This method requires
specimens of lower eyelid tissue to be dehydrated, embedded in paraffin, and cut into 7 ym-
thick sagittal sections. After staining with Masson's trichrome, micrographs were taken using
a digital camera system connected to the microscope.?® Then measure through the post-
production pictures. Direct anatomical observation is intuitive and precise, but cannot be

quantified and extended to clinical routine and follow-up. In clinical practice, we mainly use
15



computed tomography (CT) and magnetic resonance imaging (MRI) to observe and measure
the relevant structures internally in patients' eyelids.?’2® However, this method is not
convenient and expensive for local eyelid structures. At the same time, the structural changes

of the eyelids under dynamic morphology cannot be observed.

1.3. Aging of the Lower Eyelid

As life expectancy increases globally, progressive and chronic eye diseases are becoming
increasingly important in the ophthalmic disease spectrum.? Major eyelid pathology resulting
from age-related degenerative changes include skin laxity, ectropion and entropion, and
aponeurotic ptosis.*® Further loss of laxity and tone is characteristic of aging of the eye
accessory tissues, leading to eyelid ptosis.®'*? Genetic causation is part of the intrinsic aging
mechanism and cannot be changed by human behavior. However, outward aging can be the
result of factors such as alcohol consumption, long-term exposure to the sun, smoking, and

nutrition.3334

The tissue structures of the lower eyelids change as people get older. This causes the
overall appearance of their lower eyelids to become older.3® Anterior displacement of orbital
fat accompanied by relaxation of anchoring structures, such as aging of the orbicularis muscle
and skin, are all associated with the overall aging process of the lower eyelid, and many of
these factors often lead to serious periocular aging, in addition.*® The various age-related
changes that affect the lower eyelids' tissue structures can be seen in their individual
characteristics. For instance, changes in the thickness and location of fat and muscle,

especially the emergence of an orbital fat bulge and furthermore an alteration of its location.*’

Aging around the lower eyelids causes many remarkable changes in appearance. The
formation of the periorbital wrinkles or lateral canthal lines, which are also referred to as crow's
feet, occurs at the upper and lower eyelids' junction. The formation of crow's feet mainly refers
to the sagging of the lateral eyebrows and aging skin changes from a static aspect, while the

dynamic expression of crow's feet is mainly due to the repeated contraction of the orbicularis
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oculimuscle %. In addition, crow's feet are also caused by the combined effects of intrinsic
aging (such as thinning of the eyelid skin and hypertrophy of the orbicularis oculi muscle) and
extrinsic aging (such as repeated and significant facial expressions, especially eye
expressions). ¥ Pouches are facial phenomena of aging characterized by loose skin
underneath the eyelids as well as fat swelling and hypertrophy of the lower orbicularis
muscle.*® And in particular this swelling of the lower eyelid or the appearance of "eye bags"
due to aging is a major concern for patients seeking cosmetic evaluation and attention to facial
rejuvenation.*! A well-defined understanding of the various age-related changes affecting the

lower eyelids can help enhance the results of lower orbital and cosmetic surgery.

In general, the morphological changes of the lower eyelids and even the periocular region
caused by aging will not only cause physiological or pathological chronic eye diseases, but
also cause a decrease in the aesthetic appearance. Therefore, both ophthalmologists, plastic
surgeons, and the field of aesthetics need to monitor and evaluate the aging pattern around
the eyes. In clinical applications, choosing appropriate tools and methods is also a current

problem.

1.4. Ultrasound Biomicroscopy

Before introducing UBM in detail, Figure 2 shows the complete UBM equipment currently
in clinical use, which can provide an intuitive initial impression of the instrument. Overall, it
consists of a host computer, a mechanical linear scanning probe, a display, a cart, a foot switch,

an isolated power supply, and an external computer image processing software.
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(Figure 2. Ultrasound biomicroscopy with 50 MHz probe) (ABSOLU; Quantel Medical, France)

1.4.1. Origins of ultrasound Biomicroscopy

Ultrasonic biomicroscopy (UBM) is a non-invasive imaging modality, which can visualize
in-situ tissue sections with microscopic resolution. UBM uses high-frequency sound waves
(35—-100 MHz), and images with a depth of up to 4 mm and a resolution of 40-50 um can be
generated. High-frequency probes can provide a better and more accurate visualization of the
subsurface structures and enable higher resolution even when there is pathological or

anatomical occlusion.*?43

Under the principle of ultrasound physics, the quality of the image obtained by an
ultrasound instrument on three aspects: the ultrasound frequency, the ratio of focal length to
transducer diameter (focal length number), as well as the pulse length.** In general, the higher
the frequency and the shorter the focal length, the higher the image resolution, but the poorer
the penetration. For example, an ultrasound device with a short focal length (ca.1.2 mm) and
a high frequency (80 MHz) can provide a very clear image, showing the epithelium with a
resolution of 50 microns, but deeper structures may not be clearly displayed, and vice versa.

A low-frequency (20 MHz) ultrasound image can penetrate deeper tissue and form an image,
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but the image will be blurry. Then, the ultrasonic frequencies and focal lengths used at different
measurement points or observation targets need to be constantly tried and explored. Table 1
shows the differences and characteristics of different ultrasound frequencies in clinical use.

Table 1. Characteristics of Different Ultrasound Frequencies

Ultrasonic Depth of Penetration Imaging Structure
Frequency
20MHz 10-15 mm Dermis,

Subcutaneous tissue
50MHz 4 mm Dermis
80MHz 2mm Mucosal epithelium,

Subepithelial elastic fibrous layer

1.4.2. Application of Ultrasound Biomicroscopy in Ophthalmology

The development of ultrasound for medical imaging of the ocular region can be traced
back to the work of Mundt and Hughes *° (A-scan), Greenwood and Mundt %6 (B-scan) in the
1950s. However, the center frequency of ophthalmic ultrasound equipment has almost always
remained at or close to 10 MHz since the inception of the technology, resulting in unclear
images due to low resolution. The frequency used by UBM (35-50 MHz) is significantly higher
than that of traditional ophthalmic B-scanners. The resolution is improved to 40 mm or less,
which brings the various ultrasound indicators of UBM closer to satisfying the standards of

ideal imaging equipment.*’

UBM offers two-dimensional images of the structures located in the anterior segment. This
allows physicians to simultaneously view these anatomical features, which would be possible
with a living eye. Live images are displayed on a video monitor and can be recorded for
qualitative and quantitative analysis.*® UBM was initially widely used in diagnosing and treating

various types of glaucoma in the clinical field of ophthalmology because it has significant
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advantages in observing front depth and angle conditions.*®° In addition, the clinicians and
researchers were able to perform in-depth observations and examinations of the ciliary body
and anterior chamber angle using UBM, which can be further utilized to record and evaluate

the procedures related to anterior chamber tumor and lens surgery.*

Previous studies have attempted to use this tool to examine normal lower eyelid
structures.®"52 Similarly, our previous study also verified the reliability and accuracy of UBM in
measurements of the upper eyelid structure.® In recent years, clinicians have gradually begun
to use UBM to measure and record periorbital structures and eyelid tumors. Simultaneously,
they have found that ultrasonic biomicroscopy can accurately measure the depth of eyelid
lesions and obtain clear ultrasound images, which can be used as a basis for more accurate

determination of tissue characteristics.%

1.5. Questions and aim of the work

Building upon the aforementioned context, it becomes imperative to delve into the crucial
question of whether UBM holds the capacity to accurately measure and explore intricate
periorbital structures. Additionally, it prompts an exploration into whether UBM can effectively

capture age-related dynamic changes within the eyelid structure.

Given the intricate nature of periorbital anatomy, including delicate structures such as the
tarsal plate, pre-tarsal orbicularis, and capsulopalpebral fascia, the accuracy and reliability of
UBM measurements become paramount. By leveraging the high-resolution imaging
capabilities of UBM, researchers can potentially attain unparalleled insights into the
morphology and dynamics of these structures. This, in turn, can significantly augment our
understanding of various ocular pathologies, as well as contribute to the refinement of surgical

interventions targeting the periorbital region.

Moreover, UBM's ability to provide real-time imaging facilitates the observation of dynamic
changes occurring within the eyelid structure over time. This opens up exciting avenues for

investigating age-related alterations, such as changes in tissue elasticity, muscular integrity,
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and overall structural integrity. By longitudinally tracking these dynamic changes across
different age cohorts, researchers can gain valuable insights into the physiological aging

process of the eyelids and its implications for ocular health.

The objective of this study is to provide an ultrasonographic analysis of the lower eyelids
using UBM and also study the dynamics of these structures at different gaze positions.
Specifically, we analyzed the pre-tarsal orbitalis (PTO), pre-septal orbitalis (PSO), the
capsulopalpebral fascia (CPF), the tarsal plate, and the conjunctiva complex, as well as the
depressor orbicularis lateralis (DOL) and their correlations in age-related changes. The ability
to visualize the dynamic anatomy of the lower eyelid using ultrasound has helped improve our
knowledge about the physiology of lower eyelid motility. This knowledge is fundamental to
understanding the anatomical, structural, and functional changes in the eyelid aging process
and lower lid-related diseases. It basically provides the data reference for the development of

cosmetic periocular surgery, diagnosis of periocular deformities, and corrective eyelid surgery.
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2. MATERIALS AND METHODS

2.1. Materials

21A1. Subjects

From June to December 2022, a comprehensive series of ultrasound biomicroscopy (UBM)
examinations were conducted on the lower eyelids of 42 healthy individuals at the prestigious
University Hospital of Cologne in Germany. This study was approved by the University of
Cologne's Ethics Committee (approval number: 22-1202), and conducted under the highest
ethical standards. It was also aligned with the principles of the Declaration of Helsinki. Prior to
the commencement of any procedures, explicit consent was obtained from each participant,
affirming their willingness for the publication of both their data and accompanying images. This
unwavering commitment to ethical practice underscores the integrity and transparency of the
study, ensuring the protection of participants' rights and privacy throughout the research

process.
2.1.2. Inclusion Criteria

(a) All volunteers were between the ages of 18 and 87.

(b) All volunteers had intact eyelid structures in both eyes.

(c) All volunteers had normal eye movements in both eyes.
2.1.3. Exclusion Criteria

(a) Anyone with incomplete eyelid structure and a history of eyelid surgery.

(b) Those who are unable to gaze at one place normally.

(c) Those who cannot lie down.

(d) Those who are allergic to UBM probes.

(e) Unable to cooperate with inspectors.
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2.2. Method

221. UBM Image Acquisition

For UBM image acquisition of the lower eyelid for volunteers, we refer to our previous
successful experience with upper eyelid ultrasound image acquisition.%® Participants were
asked to provide their various characteristics, such as age, gender, pastillnesses, and surgical
history. One of the observers (Xiaojun, Ju. X.J.) then measured their height and weight using
standardized protocols. BMI was then calculated based on the weight/height? (kg/m?). The
lower eyelids of volunteers were imaged using UBM (ABSOLU; Quantel Medical, France),
equipped with a 50 -MHz contact linear probe (ABSOLU; Quantel Medical, France), and the
ultrasound parameters were set (Gain: 105dB; Dyn: 50dB; TGC: 10dB). Each measurement
point was measured twice for each volunteer (Donimik, Krowanz. D.K. twice). while ultrasound
images of the lower eyelid were obtained and measured (Axial resolution: 35um; Lateral
resolution: 60um). For the study, the volunteers were placed in a supine posture. They were
shown two different gaze positions as we examined their lower eyelids. The first gaze position
allowed them to look straight ahead, while the second gaze position allowed them to look
upward. We then took images of the structures in the lower eyelid in their two gaze positions

using standard and clear ultrasound images. (Figure 3)

23



(Figure 3. a. Lower eyelid measurement at the primary gaze position using a 50 MHz UBM

probe. b. Lower eyelid measurement at the up-gaze position using a 50 MHz UBM probe.)

The probe was then placed perpendicular to the lower eyelid margin. Scans were
performed along the following 7 points: there are two measurement points at the primary gaze
position, the pupil midline point and the eyebrow tail point at the primary gaze position, and for
the up-gaze position, a total of five measurement points, the medial canthus point, the pupil
midline point, the lateral canthus point, the medial pupil line point and the lateral pupil line point

(Figure 4). The detailed measurement points are shown in Figure 4. If there is a deviation
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during the measurement, multiple measurements will be taken to correct it.

(Figure 4. The landmarks in the figure are from right to left: a. The medial canthus point, the
medial pupillary line point, the pupillary midline point, the lateral pupillary line point, and the
lateral canthus point at the up-gaze position. b. The pupillary midline point, the eyebrow tail
point at the primary gaze position. c¢. The medial canthus point, the medial pupillary line point,
the pupillary midline point, the lateral pupillary line point, and the lateral canthus point at the
up-gaze position. d. The pupillary midline point, the eyebrow tail point at the primary gaze

position.)
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222. UBM Image Measurement

The measurement process of all ultrasound biomicroscopy (UBM) images was
meticulously conducted using the ABSOLU image measurement system, a sophisticated tool
equipped with linear measurement functionalities. This system enabled precise measurements
directly on the ultrasound images, with linear measurement tools positioned perpendicular to
each plane, facilitating accurate assessments in millimetres. Referring to the previous
experience of UBM for the exploration of the lower eyelid structure, ®2 two independent
observers then distinguished and recorded (a) the type of echogenicity (hypoechoic or
hyperechoic) of the different eyelid structures and (b) the thickness of the eyelid structures in
millimeters, such as the pre-tarsal orbicularis (PTO), pre-septal orbicularis (PSO), the tarsal
plate, the conjunctiva complex, the capsulopalpebral fascia (CPF) and the depressor
orbicularis lateralis (DOL). Then, observers extracted static images of each measurement point
and used ABSolu software to measure and describe the anatomical shape and character of

the eyelid during different eyeball movement phases.
2.2.3. Reliability Analysis

To assess the reliability of the measurements, two independent raters, designated as rater
1 (Donimik, Krowanz. D.K.) and rater 2 (Xiaojun, Ju. X.J.), performed image measurements
and analyses separately. Rater 2 (X.J.) conducted measurements and analyses on images
captured on two occasions to evaluate intra-rater reliability. Meanwhile, the measurements
obtained by the two raters were compared to evaluate inter-rater reliability. Intra-class
correlation coefficients (ICC) were used to grade the reliability. If ICC<0.40, it is considered to
be a poor agreement; if 0.40<ICC<0.75, it is considered to be a satisfactory agreement; if
0.752ICC, it is considered to be an excellent agreement. Simultaneously, the measurement
results were further analysed using paired t-test for reliability. The significance level of the data

at p-value < 0.05 was regarded as statistically significant.
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2.2.4. Statistical Methods

The data collected during the study were then analysed using the IBM SPSS Statistics 28
(Armonk, NY: IBM Corp.). All figures were produced using the GraphPad Prism 8.0.1
(GraphPad Software, San Diego, CA, USA), while the hand-drawn anatomical diagrams were
created using Procreate Software. To verify normal distribution, the Kolmogorov—Smirnov test
was used. The paired Wilcoxon test was also utilized to analyse the lower lid's thickness
variation when the gaze position had changed. The study's results were analysed using the
Friedman test to determine whether the tissue thickness at different measurement points was
statistically different. Furthermore, we compare the variability between genders using the
Mann-Whitney U test. The BMI and age correlation coefficient were also analysed using the

Spearman correlation method.

The presented data collected during the study were analyzed using mean + standard
deviation (SD) to measure central tendency and variability. The significance level of the data
at p < 0.05 was regarded as statistically significant, which indicated that the researchers had
a low chance of getting the results through chance. This stringent criterion helped ensure the

reliability and validity of the statistical findings in the study.
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3. RESULTS

3.1. Reliability

According to our evaluation of ICC value, most of the inter- and intra-rater values were

over 0.75, demonstrating excellent consistency. Only the measurements at capsulopalpebral

and tarsus were between 0.40 and 0.75, and the inter-rater DOL measurement values reached

satisfactory consistency (Figure 5).
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(Figure 5 a. The intraclass correlation coefficient for intra-rater at different gaze positions. b.

The intraclass correlation coefficient for inter-rater at different gaze positions. c. The intraclass

correlation coefficient for intra-rater at different measurement positions. d. The intraclass

correlation coefficient for inter-rater at different measurement positions. e. The intraclass

correlation coefficient for inter-and intra- rater for the thickness of the depressor orbicularis

lateralis.)
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Further, a paired t-test was performed on the intra- and inter-rater measurement values.
At the up-gaze position, the intra-rater PTO measurement values were statistically different
(p<0.05); Similarly, at the up-gaze position, the inter-rater PSO measurement values were

statistically different (p<0.05). The remaining values were not statistically different (Figure 6).
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(Figure 6 a. The paired t-test for intra-rater at different gaze positions. b. The paired t-test for
inter-rater at different gaze positions. ¢. The paired t-test for intra-rater at different
measurement positions. d. The paired t-test for inter-rater at different measurement positions.
e. The paired t-test for inter-and intra- rater for the thickness of the depressor orbicularis

lateralis.) (**p<0.01, *p<0.05)

Therefore, the results of the ICC values and paired t-test indicate that the measurement

of the various structures of the lower eyelid by UBM in this study is reliable.
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3.2. General Information

In this study, we recruited a total of 42 volunteers (20 males and 22 females) and captured
84 lower eyelid periorbital ultrasound images for further analysis. The age of the volunteers
ranged from 18 to 87 years (40.3 £19.9 years). All results showed no statistically significant
differences between the right and left eyes (p>0.05). Table 2 shows the thickness of each
structure of the lower eyelid in different gaze positions.

Table 2. Measurements of Normal Lower Eyelid Structures with Ultrasound

Biomicroscope

PTO PSO The CPF The
Tarsal Plate Conjunctiva
Complex
Upgaze 0.50+0.21 0.76+0.19 0.44+0.14 0.55+0.16 0.68+0.18
Position
(mm)
Primary 0.50+0.18 0.83+0.20 0.45+0.18 0.55+0.15 0.68+0.17
Position
(mm)
p 0.918 0.004* 0.525 0.835 0.948

(Abbreviation: PTO: pre-tarsal orbicularis. PSO: pre-septal orbicularis. CPF: the
capsulopalpebral fascia.) ** p<0.01

Simultaneously, the height and weight data of all volunteers were analyzed, and the
mean BMI measured by all volunteers was 24.16 + 4.29(range 18-30.7), with no statistical

difference compared with the lower eyelid measurement parameters (p>0.05).

Further observation of the ultrasound images, based on the acquired ultrasound real-time
images, we observed that the lower eyelid skin and dermis appear as echo-dense linear
structures. The lower orbicularis oculi muscle features a long strip-like, hyperechoic structure.
The POL, also a part of this muscle, has a similar structure. Based on the anatomical structure,
it can be divided into the pre-tarsal orbicularis (PTO) located anteriorly and the pre-septal

orbicularis (PSO) located posteriorly. Based on the ultrasound image, it can be observed that
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the area of echoes in the PSO is larger than that in the PTO. The tarsal plate and the
capsulopalpebral fascia (CPF) appear as a hypoechoic area beneath the orbicularis muscle.
The lower eyelid retractor and conjunctival parts are not easily discernible on 50 MHz high-

frequency images and can be seen as a complex of the hyperechoic area. (Figure 7)

(Figure 7. C1: The pre-tarsal orbicularis (PTO). C2: The pre-septal orbicularis (PSO). C3: The

tarsal plate. C4: The capsulopalpebral fascia (CPF). C5: The conjunctiva complex.)

3.3. Age-related Analysis

Though analyzing the correlation between age and various structure thicknesses of the
lower eyelid, it can be found that from the pupillary midline to the medial canthus, the PSO’s
thickness has a significantly positive correlation with age (p<0.05), that is, the PSO’s thickness
from the inner side of the lower eyelid (near the nasal side) increases with age. While the

thickness of the tarsal plate and CPF also have positive correlations with age (p<0.05).
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Similarly, the DOL’s thickness, located on the lateral of the orbicularis oculi muscle, also has

a positive correlation with age (p<0.05).

In order to derive aging trends by quantifying specific aging-related facial phenotypes in
3D image data,® the measured data were further divided into two groups by age (<30 years
old and>30 years old). Table 3 shows the thickness of PTO and PSO at different measurement
points of the lower eyelid and the difference between the two age groups. The PSO thickness
was thicker on the lateral side than on the medial side of the eyelid (p<0.01).

Table 3. The Thickness of PTO and PSO at Different Measurement Points of the Lower
Eyelid and the Difference between the Two Age Groups.

PTO P PSO P
The The The The The The The The The The
later late pupi me me later later pupi med med
al ral llary dial dial al al llary ial ial
cant pup midl pupi cant cant pupi midl pupi cant
hus illar ine llary hus hus llary ine llary  hus
poin y poin line poin poin line poin line poin
t line t poin t t poin t poin t
poi t t t
nt
Youn 050 04 04 04 04 0. 084 079 074 073 0.70 0.0
g 101 9+0 7+#0 6#0 5+0 O 0.2 0.2 0.1 0.1 0.1 00*
(30 4 A3 11 A3 A1 8 2 1 8 7 6 *
years 9
old)
(mm)
Older 053 05 05 04 05 0. 085 085 079 078 0.82 0.2
(>30 +0.2 10 4+0 9+0 10 4 +0.2 0.2 +01 0.2 0.2 50
years O .20 30 18 18 4 2 0 9 0 0
old) 5
(mm)
p 089 05 08 07 03 0.71 019 0.22 0.29 0.02
9 52 50 71 37 4 7 0 4 *
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(Abbreviation: PTO: pre-tarsal orbicularis. PSO: pre-septal orbicularis. CPF: the
capsulopalpebral fascia.) ** p<0.01 * p<0.05

3.4. Gaze Position-related Analysis

The thickness of the PSO profile decreased by 7.69% when the eyeball moved from its
primary gaze position to an up-gaze position (p<0.01). Moreover, the thickness of the eyelid
structures did not change significantly in women compared to men when it came to changing
the gaze position (p>0.05). In dynamic movement, it can be observed that when the gaze
position changes from the primary position to the up-gaze position, the hyperechoic area of
the orbicularis muscle becomes flat and elongated. In contrast, the rest of the lower eyelid

structure does not visually change significantly in the ultrasound image.

For age variation in change of the gaze position, amongst the thickness differences
caused by vertical eyeball movement, the conjunctiva complex's thickness and the PSO's
thickness in relation to age were negatively correlated (p<0.01), and the tarsal plate thickness

difference was positively correlated with age (p<0.01) (Figure 8).
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(Figure 8. a. The Spearman Correlation Coefficient between the thickness of each layer
structure and age (PSO: r=0.3660, p=0.0171. CPF: r=0.3743, p =0.0146). b. The Spearman
Correlation Coefficient between the PSO'’s thickness and age (The pupillary midline point: r =
0.33743, p =0.0146. The medial pupillary line point: r=0.3308, p = 0.0324. The medial canthus
line point: r = 0.4794, p = 0.0013). ¢. The Spearman Correlation Coefficient between the
thickness difference and age (PSO: r = - 0.3478, p = 0.0240. The conjunctiva complex: r = -
0.3586, p = 0.0197. The tarsal plate: r = 0.3255, p = 0.0354). d. The Spearman Correlation
Coefficient between the thickness of the depressor orbicularis lateralis and age (r=0.250, p =

0.022).) ** p<0.01 * p<0.05

Furthermore, this correlation of PSO and conjunctival complex thickness differences with
age was more significant in males (p<0.01, p<0.05, respectively). For the changes of different
gaze directions, in the group of under 30 years old individuals, it can be observed that, when
the gaze direction changes from the upper to the primary position, the thickness of PSO
changes significantly (p<0.01). The statistical results of this study did not indicate a significant
difference among the groups of individuals over the age of 30 (p>0.05). (Table 3)

Table 3. The Thickness of PTO and PSO at Different Measurement Points of the Lower
Eyelid and the Difference between the Two Age Groups.

PTO p PSO P
The The The The The The The The The The
later late pupi me me later later pupi med med
al ral llary dial dial al al llary ial ial
cant pup midl pupi cant cant pupi midl pupi cant
hus illar ine llary hus hus llary ine llary  hus
poin y poin line poin poin line poin line poin
t line t poin t t poin t poin t
poi t t t

nt

Youn 050 04 04 04 04 0. 084 079 074 073 0.70 0.0
g 01 9+#0 7+#0 6#0 5¢0 O 0.2 02 0.1 0.1 0.1 O00*
(30 4 A3 M A3 1 2 1 8 7 6 *
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old)
(mm)
Older 053 05 05 04 05 0. 08 08 079 078 0.82 0.2
(>30 0.2 1+0 4+0 9+0 10 4 0.2 0.2 0.1 0.2 0.2 50
years 0 20 30 .18 18 4 2 0 9 0 0
old) 5
(mm)
p 089 05 08 07 03 0.71 019 0.22 0.29 0.02

9 52 50 37 4 7 0 4 *

71

(Abbreviation: PTO: pre-tarsal orbicularis. PSO: pre-septal orbicularis. CPF: the

capsulopalpebral fascia.) ** p<0.01 * p<0.05
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4. DISCUSSION

This study demonstrates the feasibility of using UBM to visualize lower eyelid movement.
In our study, we determined the changes in the thickness of the lower eyelids' layers during
different gaze positions and in different measurement points using UBM. We observed with
UBM that when the gaze position changes from the primary position to the up-gaze position,
the trajectory of lower eyelid motion under ultrasound usually begins with a subtle elevation of
the lower eyelid margin, accompanied by a gradual upward shift of the tarsal plate and
associated structures. As vision moves further upward, the lower eyelid moves along a curved
trajectory, maintaining a close fit with the eye while maintaining its dynamic range of motion.
The results showed that the thickness of PSO decreased significantly from 0.83 £ 0.19 mm to
0.76 £ 0.18 mm when the primary gaze position was shifted to an up-gaze stance (p<0.01).
Also, our measured values defined a basic trend in the distribution of the lower eyelid
orbicularis muscle, with overall thickness thinning from the lateral to the medial canthus. While
the thicknesses of the PTO were 0.51 + 0.17 mm, 0.48 £ 0.16 mm, 0.50 + 0.22 mm, 048 +
0.15 mm, and 0.48 + 0.15 mm, respectively, from the lateral to the medial side; similarly, for
the PSO, the thicknesses were 0.85 + 0.22 mm, 0.82 £+ 0.21 mm, 0.76 £ 0.19 mm, 0.75 + 0.19
mm, and 0.75 + 0.19 mm. Therefore, it can be seen, that the thicknesses of the lateral PTO,

as well as PSO, are thicker than the medial ones (p<0.05, p<0.01, respectively).

4.1. Changes in Gaze Position

The zygomatic and temporal branches of the facial nerve dominate the orbicularis oculi
muscle of the lower eyelid, and the interaction between the two branches is mainly responsible
for the spontaneous blinking, position of the eyelid, and tension.®®%” However, the structural
changes of the lower eyelid caused by the vertical movement of the eyeball have rarely been
reported before. Mohammad et al. % tried to use 15MHz ultrasound to analyse the structural
changes of the lower eyelid during the vertical movement of the eyeball, mainly observing the
changes of the fat pads of the lower eyelid. For our study, we used 50 Hz visual ultrasound to

observe more subtle and clear changes in the vertical motion of the layers of the lower eyelid
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near the eyelid margin. We found that, when changing from the up-gaze position to the primary
position, the mean thickness of the PTO changed from 0.50+0.21 mm to 0.50+£0.18 mm, the
mean thickness of the PSO increased from 0.76+0.19 mm to 0.83+0.20 mm, and the mean
thickness of the tarsal plate increased from 0.4410.14 mm to 0.45+0.18 mm, the mean
thickness of CPF changed from 0.551£0.16 mm to 0.55+0.15 mm, and the mean thickness of
the conjunctiva complex changed from 0.68+0.18 mm to 0.68+0.17 mm. It can be observed
that the thickness of the PSO changes significantly as the gaze position changes. There are
three parts to the orbicularis oculi muscle: the pretarsal portion, which is located in front of the
tarsal plates; the pre-septal portion, which is located above the orbital septum; and the orbital
portion, which extends eyebrow superiorly and the cheek inferiorly.>® When the vertical eyeball
movements, the different gaze positions also cause changes in the appearance of the lower
eyelid, which in turn causes morphological changes in the orbicularis oculi muscle due to
changes, thus also suggesting that the appearance of the lower eyelid is strongly correlated
with variations in the thickness of the orbicularis oculi muscle.®® In the relaxed state, the
orbicularis oculi is flattened and thinned since the attached portion does not pull on the wing
muscles. When squinting, the lower eyelid orbicularis muscle contracts, shortening the vertical
width and increasing the thickness. Additionally, we found that this change in the thickness of
PSO also changed significantly in the up-gaze and primary position, where the lid fissure
became larger and the lower orbicularis muscle relaxed and thinned in upward gaze. In
contrast, in the shift from up-gaze to the primary position, the lid fissure became smaller and

the muscle contracted and as a result thickened.

4.2. Changes in Age

4.2.1. Age Correlations in Dynamic Changes in Eyelid Structure.

This change in the thickness of the lower eyelid structures due to gaze position is also
reflected in age. With age, vertical eyelid movement decreases, which is closely related to the
aggravation of eyelid looseness in elderly patients. ' Our study showed that the lower eyelid

structures also respond to eyeball movements accordingly and alter their structures as the
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gaze position changes. Interestingly, the effect of vertical eyeball movements on the lower
eyelid's thickness is more apparent in young individuals. Also, we observed that the magnitude
of changes in PSO and conjunctival thickness were negatively correlated with age amongst
the changes in the thickness of various structures when the gaze direction was changed. Then,
significant dynamic changes in the lower eyelid are more likely to be observed in young people,
and whether this is an age-related change in the elasticity and vitality of muscle and fascial
tissue is worth exploring further. During the vertical eyeball saccades procedure, it is believed
that the forces transferred to the lower eyelids are carried out through the lower retractor. They
have two layers: the capsulolabial fascia and the inferior tarsal muscle.®? In this up-and-down
movement, we found that the PSO and conjunctiva activity changes decreased with age, and
conversely, the lower tarsal range of motion increased. Changes in muscle fibers due to aging
can reduce muscle tone in facial muscles. However, the increase in connective tissue and the
accumulation of fat cells can increase muscle stiffness. % Then, this age-related variation, such
as muscle fibrosis and increased stiffness, can also affect the orbicularis oculi muscle's
contraction force and activity, leading to a decrease in its range of motion. Aging will also lead
to conjunctival relaxation and reduced elasticity, thus further reducing the range of its thickness
variation. % The tarsal plate has a strong tendency to atrophy or shrink with age as observed
in previous studies, while aging also exacerbates its structural instability.®>%® And we speculate
that the instability of such a structure causes its thickness to increase in dynamics. Therefore,
in the treatment of degenerative entropion, the use of autologous cartilage is more

recommended as a "reliable means to restore structural stability".
4.2.2. Age Dependence of Eyelid Structural Thickness

Clinical under-eye bags are defined as bloated and sagging lower eyelid skin that is
bilaterally symmetrical and affects the overall aesthetic appearance of the facial features.
Patients in the plastic surgery clinic are predominantly middle-aged and older adults over 40
years old, and middle-aged and older patients usually have significant orbicularis oculi muscle
laxity. One of the most common morphological changes associated with older facial features

is the marked protrusion of the lower eyelid. Few histopathological studies have explored age-
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related morphological changes in the orbicularis oculi muscle. Previous studies conducted by
MRI imaging analysis revealed that the orbicularis oculi muscle's T1 and T2 imaging increased
as people got older, particularly in male subjects. This finding supports the idea that aging can
lead to muscle hypertrophy.®”:% In our study, it was also significant that the thickness of the
PSO and CPF increased with age (PSO: r = 0.366, p = 0.017. CPF: r = 0.374, p = 0.015,
respectively). This region is representative of the thickness of the inferior orbicularis oculi
muscle and the capsulolabial fascia, and hypertrophy and laxity in this region is a major
contribution to the formation of "bags" under the eyes. 4':%° Therefore, accurate measurement
through this area is helpful for tracking observation in age-related lower eyelid aging, and can

be further tried in the treatment and follow-up of lower eyelid rejuvenation surgery.

In our study, we tried to use a 50MHz ultrasonic probe to explore the thickness of DOL
and analyse its relationship with age for the first time. For the thickness of DOL measurements,
we got that the mean thickness for people aged 30 and under is 0.33£0.08mm, while the mean
thickness for people over 30 years old is 0.36£0.10mm. Meanwhile, the thickness of DOL
increases with age (p=0.022, r=0.250). According to previous reports, brow ptosis is an aging
process in which multiple anatomical structures change under the influence of multiple
factors'>'3, The ptosis of the lateral eyebrows often occurs earlier and to a greater extent than
the middle and medial eyebrows. Thus, DOL plays a role in lateral brow ptosis due to aging.
When observing the appearance of the human face, we often see the disappearance of the
orbital lid grooves in the elderly, and the accumulation of brow bone tissue on the upper eyelid,

resulting in swelling of the upper eyelid tissue and ptosis of the outer eyelid. In severe cases,
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the appearance of triangular eyes can interfere with facial aesthetics. (Figure 9)

(Figure 9. A 75-year-old woman with the depressor orbicularis lateralis (indicated by arrows)

and crow's feet.)

Therefore, we speculate that the thickening of muscles caused by aging may cause
changes in appearance. That is, muscle contraction can produce crow's feet radially distributed
on the skin outside the orbit. The more hypertrophic and active the muscles are, the more

obvious the crow's feet will be 7071,
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4.2.3. Trends in Structural Changes of the Lower Eyelid

We observed the distribution of the thickness of each structure of the lower eyelid through
the five measurement points of the lower eyelid. It can be seen that the PSO’s thickness shows
a gradual thinning trend from the lateral canthus to the medial canthus. Interestingly, we
observed a more pronounced increase in the thickness of the PSO at the medial canthus with
age, especially in the part of the canthus measured from the mid-pupil line to the medial
canthus point. The PSQO's thickness at the medial canthus was at 0.70 £ 0.16 mm in individuals
below 30 years old and rose to 0.82 + 0.20 mm in those above 30 years old (p<0.05). The PSO
located in the medial canthus is a component of the orbicularis oculi muscle that wraps the
lacrimal drainage system, also known as the Horner's muscle.”? We observed that the
thickness of this site increased significantly with age, so we speculated whether the aging of

the lacrimal system would also aggravate the muscle hypertrophy and aging of this area.

These structural dynamic changes and thickness distribution variation in relation to age
are also reflected in gender. Our study also noted that the dynamic changes exhibited by aging
in men more than in women in the lower eyelids' conjunctiva complex and the PSO's active
range can be mainly reflected in these structures' dynamic thickness changes (p<0.05, p<0.01,
respectively). In contrast, the changes in women are more obvious in the grade of thickness
of the tarsal plate (p<0.05). Gherusa H et al.”®> measured the laxity of lower eyelid using a
distraction test and found that lower eyelid ectropion, caused by increased horizontal laxity
and decreased orbicularis oculi muscle tone, was more pronounced in males. In addition,
previous anatomy found that the tarsal plate of males was statistically significantly larger than
that of females at the same age.” Whether a larger volume can result in a more "stable"
structure, thereby limiting the dynamic range of the tarsal plate, we look forward to further
exploration. Simultaneously, the age-related changes of PSO thickness distribution can be
more reflected in women. We found that the PSO thickness at the medial canthus of female
volunteers increased more significantly with age (p<0.05). And as we mentioned in the

previous article, whether the age-related thickness change of this part called Horner's muscle
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is affected by sex hormones during its aging process while hypertrophy and thickening with

age, making it more pronounced in women.

4.3. Reliability and Accuracy of UBM in Eyelid Measurements

As a revolutionary new ultrasound instrument for measuring and observing the structure
of the lower eyelid, UBM's reliability in exploring these structures is the basis for all subsequent
research. In previous explorations, UBM has been tried and used to measure the structure of
a small number of lower eyelid parts. Vasanthapuram et al. 52 used Bland—Altman analysis to
analyse the reliability of UBM application when using UBM to measure the lower eyelid. In this
study, we utilized the ICC correlation to analyze and determine the reliability of lower eyelid
UBM measurements at different measurement points and different gaze positions. We found
that the measurement of the primary gaze position of the CPF thickness is slightly less reliable
in intra- and inter-reliability than in other structures, which may be related to the blurred
boundary of the ultrasound echo of the CPF, resulting in a large error. The remaining reliability
reached an excellent agreement, proving the reliability of UBM in the measurement of dynamic
changes of the lower eyelid. Simultaneously, we performed a re-evaluation of the lower eyelid
UBM results with a paired t-test. We found less agreement between PTO and PSO thickness
measurements when gazing upward. The measurements there were in agreement with the
primary gaze position. We hypothesized that capturing clear ultrasound images during the up-
gaze position is more difficult than during primary gaze due to the need to ask the volunteer to
fixate on a gaze point above the head for gazing, which can be challenging for image
acquisition. Therefore, we suggest that a more evident gaze point can be assigned to assist
the patient in maintaining ocular position, and simultaneously taking multiple, repeated

measurements can minimize this discrepancy.

4.4, Limitations

This study acknowledges several noteworthy limitations that warrant consideration.
Primarily, the utilization of ultrasonic biomicroscopy (UBM) for measurement relies on the

thickness of the lower eyelid, a parameter subjected to inherent variability. While ICC analysis
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and paired t-test were employed to assess reliability, the scarcity of imaging data pertaining
specifically to the lower eyelid poses a challenge. Integration with comprehensive anatomical
research could enhance the precision and validity of our findings. Additionally, the scope of
our investigation was constrained by the examination of a relatively small cohort of volunteers,
which may restrict the generalizability of the results. Notably, the composition of the participant
pool predominantly comprised individuals of Caucasian descent, thus limiting the extent to
which our conclusions can be extrapolated across diverse ethnic populations. Addressing
these limitations through expanded sample sizes and broader demographic representation

would undoubtedly fortify the robustness and applicability of future studies in this domain.
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5. CONCLUSIONS

In this study, we took advantage of the noninvasive, convenient features of UBM to visually
characterize the echogenicity and thickness of normal lower eyelid structures. Our
measurements of the lower eyelid by UBM revealed that the various structures of the lower
eyelid are correlated with age and the direction of eyeball movement to varying degrees.
Therefore, UBM is a reliable, efficient, and time-saving alternative method for imaging the
structures of the lower eyelid, which can be used to study anatomical differences between
different races and individuals, dynamically and locally display eyelid structures, and has

potential uses, and in disease and preoperative evaluation of lower eyelid structures.
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