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ABSTRACT

Objective: To study the variation of Nasolabial vessels in Nasolabial folds and
to study the basic structure of the nasolabial area such as skin, subcutaneous, and SMAS

by high-frequency ultrasound in Thai people.

Methods: An observational cross-section study, a one-time examination by
high-frequency ultrasound on the group who has received filler and never received filler
to specify the depth and position of arteries and the structure of nasolabial folds.

Results: There were slight differences in the skin thickness, Subcutaneous layer,
and SMAS in the filler injection group (n=8) and no filler group (n=25), the skin
thickness of the non-filler group is slightly thicker than filler group, however the age,
weight and the duration of the filler injection may affect the results. Moreover, there
was a variation in the artery position in points A, B, and C of NLF in the same Thai

population (n=33).
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Conclusion: High-frequency ultrasound can visualize the basic structures of the
Nasolabial folds region and can identify the position and the depth of the Facial artery

in the NLF region.

Keywords: Nasolabial Fold, High-Frequency Ultrasound, Facial Artery, Piriform Fossa
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CHAPTER 1

INTRODUCTION

1.1 Background and Rationale

Facial aging is an intricate process involving interrelated changes to bone,
muscle, fat, and skin (Swift et al., 2020). It is typified by skin tone and texture
deterioration, deflation due to loss of bone and fat, descent of soft tissues due to loss of
muscle tone and skin elasticity, and disproportion occurring in different facial areas at
different rates and chronological times. These changes can lead to deleterious
emotional, psychological, and social effects because they alter self-perception and may
affect the interpersonal relations of an individual (Swift et al., 2020).

One of the regions on an aging face that people notice is the nasolabial folds.
The exact causes of this include alterations in the bone of the orbital rim, bone
reabsorption at the canine fossa, weakened malar and orbital ligaments, the descent of
the subcutaneous malar fat pad of the cheeks with hypertrophy of the nasolabial fat
compartments leading to a loss of midface volume and a deepening of the nasolabial
folds (Swift et al., 2020).

Soft-tissue filler is the most popular procedure for re-volumization mid-face and
nasolabial correction. However, the nasolabial area is also known as one of the hazard
zones for fillers or any other surgery due to the facial artery and its anastomosis. This
procedure has several drawbacks and consequences, including oedema, erythema, lump
formation, filler materials migration (Stefura et al., 2021), etc. Having thorough
anatomic knowledge does not shield the expert from the possibility of creating an
undesirable outcome It is quite hazardous and may lead to blindness caused by skin
necrosis and vascular occlusion. By understanding the precise depth and position of the
artery within this area is crucial for performing safe and effective procedures, including

plastic and reconstructive surgeries, and aesthetic procedures like dermal filler



injections. This region’s unique anatomy and vascularity make it a focus of interest for
both clinical and research purposes.

The Angular artery is a terminal branch of the facial artery. It ends at the medial
canthus region and branches to the medial side of the eyelid and the nose. This artery
sometimes branches from the ophthalmic branch rather than the facial artery. In 51 %
of cases, it is terminated from the branch of the facial artery (Kim et al., 2016).
Traditional methods of artery visualization, such as Doppler ultrasound, have provided
valuable insights into arterial anatomy. However, these techniques often fall short of
providing precise depth and position information, which is necessary for minimally
invasive procedures.

Ultrasound imaging technology has made significant advancements in recent
years, enabling detailed visualization of anatomical structures in real-time. High-
frequency ultrasound, in particular, offers the potential to accurately determine the
depth and position of arteries in the nasolabial region. This has immense clinical
significance, as it can guide the administration of injectables such as botulinum toxin
injection in masseter muscles, pre- and post-procedure of filler injection (Lee et al.,
2020) and used to treat vascular complications, aid in surgical planning, and enhance
the overall safety and efficacy of procedures.

Several studies have employed high-frequency ultrasound to explore the
feasibility of visualizing the facial artery in the nasolabial area. For instance, the study
by Lee et al. (2020), successfully used ultrasound to determine the anatomical depth of
facial artery in patients undergoing dermal filler injections, noting its potential clinical
applications.

While these studies provide valuable insights, there is a need for a
comprehensive investigation focusing on the variable of artery and the nasolabial
structures within the nasolabial region. This research aims to fill this gap by utilizing
advanced ultrasound imaging techniques to provide a detailed understanding of the
artery’s position, depth, and the basic nasolabial fold structures variations in Thai
population groups. The findings of this study can serve as a foundation for enhancing
patient safety and optimizing aesthetic and dermatologic procedures in the nasolabial

region. Furthermore, the outcomes of this research could contribute to learning new



facts and educational resources for medical practitioners, making ultrasound a valuable

tool for practice in the nasolabial area.

1.2 Research Questions

What are the variations of the artery at specific points and the nasolabial

structures in Thai people by using high-frequency ultrasound?

1.3 Research Objectives

The primary objective of the study is to employ high-frequency ultrasound
technology to precisely determine the position and depth of the artery and the basic
anatomy in the nasolabial area. To achieve this objective, the following specific aims
will be pursued:

1.3.1 To study the variation of Nasolabial vessels in Nasolabial folds.

1.3.2 To study the basic structure of the nasolabial area such as skin, subcutaneous,
and SMAS by high-frequency ultrasound in Thai people.

1.4 Significance of the Study

Understanding the depth and position of the artery in the nasolabial region has
far-reaching implications in various medical aesthetic and surgical fields. This research
offers several important contributions:

1.4.1 Enhanced Safety in Dermal Filler Injections: Precise information on the
artery’s location will guide practitioners during dermal filler injections, minimizing the
risk of arterial puncture and related adverse events, such as tissue necrosis (Li et al.,
2018) and blindness.

1.4.2 Educational Resources: The study’s findings can contribute to the

development of educational resources and guidelines for healthcare professionals,



ensuring that ultrasound becomes a standard tool for assessing the nasolabial area’s
vascular anatomy.

1.4.3 Clinical Practice and Research: This research has the potential to advance
clinical practice for artery assessment in the nasolabial region. It also opens avenues for

future research into arterial variations and their clinical implications.

1.5 Scope of Study

The study will be conducted in Thai population, Healthy individuals, aged
between 25-50 years and those who never received dermal filler and have received filler
will be enrolled in this study. Each volunteer will receive a one-time high-frequency
ultrasound assessment. The high-frequency ultrasound (VENUE, GE health care, USA)
will be used to visualize the artery of Nasolabial folds. Moreover, the thickness of the
nasolabial structures will be measured at specific points in both groups at Mae Fah
Luang University Hospital Bangkok. The volunteers were selected by following
inclusion and exclusion criteria. Data collection and analysis will be conducted over
periods of three months to ensure a comprehensive assessment of variations in artery
position within the nasolabial region. Moreover, the study will employ a quantitative
research design, utilizing high-frequency ultrasound technology for visualizing the
artery and measuring the nasolabial structures. Data will be collected through non-
invasive ultrasound scans. The study will primarily focus on the artery in the nasolabial
region. Data will be analysed using statistical methods, including descriptive statistics
(means, standard deviations) to examine variations in artery depth. The study’s findings
will be discussed in the context of their clinical implications, particularly in surgical
and aesthetic procedures involving the nasolabial region. The study will acknowledge

certain limitations.



1.6 Conceptual Frameworks

The Variations of study:

1.6.1 High-Frequency Ultrasound Technology: The use of advanced ultrasound
technology to visualize and measure the angular artery.

1.6.2 Population Groups: Various categories of study participants, representing
different ages, and genders.

1.6.3 Depth of angular Artery: The outcome variable that measures the artery’s
depth from the skin surface.

1.6.4 Position of angular Artery: The outcome variable that assesses the distance
of the artery concerning specific anatomical landmarks.

1.6.5 The nasolabial fold structures: skin, subcutaneous tissue, SMAS.

High-frequency ultrasound
(VENUE GE Healthcare, 2.5-20 MHz)

v
e The transducer (hockey stick probe) is placed along

the nasolabial line by focusing on three points.

The transducer produces sound waves,
and the sound waves weaken, as they

scatter and produce the digital image.

Visualized the Nasolabial fold anatomy.

— S

e Measure the basic nasolabial e Record the variation of
fold structure at each point arteries each person on both
such as skin, subcutaneous, side of NLF.
and SMAS.

Figure 1.1 Conceptual Framework



In order to visualize the anatomy of Nasolabial folds, we will used high-
frequency ultrasound, The hockey stick transducer L8-18i-Rs, footprint 11.1 x 34.8
mm, 2.5-16.8 MHz is placed along the Nasolabial line by focus on three points, point
A is at the lateral of nose, point B the half-way between point A and C, point C is
located 1-2 cm lateral to oral commissure. The transducer produces sound waves, and
the sound waves weaken, as they scatter and produce the digital image. After we get
the real-time image of vessels record the artery of each volunteer on both sides of the
NLF with measure the basic nasolabial fold structure such as skin, subcutaneous, and

SMAS layer in the group who never received filler and who have received filler.

1.7 Operational Definitions

1.7.1 Aging

Aging is defined as a steady loss of physiological integrity that results in
functional deterioration. It is divided into two extrinsic aging and intrinsic aging.
Intrinsic aging is a biologically predetermined phenomenon that transpires spontaneously
and is influenced by the deteriorative impact of free radicals, hormone fluctuations, and
the body's limited capacity to fully restore skin damage. Extrinsic aging, sometimes
known as photoaging or environmental and lifestyle aging, encompasses factors beyond
UV radiation, such as cigarette smoking, air pollution, food, and stress (Swift et al.,
2020).

1.7.2 Nasolabial Folds
The two skin folds that run from each side of the nose to the corner of the mouth.

It is a facial structure that supports the buccal fat pad and separates the cheeks from the
upper lip.

1.7.3 The Artery of the Nasolabial Area
The angular artery is a small branch of the facial artery, a major blood vessel
located in the face. This artery plays a significant role in the blood supply of the face

and is associated with the anatomy of the eye and nose. The artery is interconnected



with other arteries of the face, forming anastomoses that ensure a redundant blood

supply to the facial region.

1.7.4 Ultrasound
Ultrasound also called sonography or diagnostic medical sonography, is an
imaging method that uses sound waves to produce images of structures within your
body (like liver, gall bladder, uterus, subcutaneous tissue, vascular structure, etc.). The
image can provide valuable information for diagnosing and directing treatment for a
variety of diseases and conditions.
1.7.4.1 Ultrasound Imaging: High-frequency ultrasound technology will be
used to visualize the nasolabial artery, providing real-time images for analysis.
1.7.4.2 High-Frequency Ultrasound Imaging: Conduct ultrasound scans on
each participant's nasolabial region to visualize and measure the nasolabial artery.
1.7.4.3 Anatomical Landmarks: Identify and record specific anatomical

landmarks for each scan, ensuring consistency in data collection.

1.7.5 Hypoechoic
Hypoechoic means the areas appear dark grey on ultrasound scans because they
don’t send back a lot of sound waves. For example: in solid masses of dense tissue,
hyaluronic acid is hypoechoic.
1.7.5.1 Anechoic
Anechoic means no echoic and appears black on ultrasound.
1.7.5.2 Hyperechoic
The material exhibits a high degree of reflectivity and typically presents
itself in a range of light grey tones, reminiscent of the appearance commonly observed

in skeletal structures and fascia.

1.7.6 Transducer

A transducer or probe is an integral component of ultrasonic equipment
responsible for generating sound waves. When engaging with biological tissue, a
fraction of the sound waves undergo reflection and then travel to the processor, where

they undergo conversion into digital images.



1.7.7 Power Doppler

Doppler ultrasonography is a diagnostic procedure that is non-invasive in
nature. It is employed to approximate the blood flow within the blood arteries by using
high-frequency sound waves that are reflected off the circulating red blood cells.
Medical imaging techniques have the potential to aid in the diagnosis of several medical
disorders, such as blood clots, impaired functionality of leg vein valves, and arterial
occlusion, among others. The measurement of blood flow velocity can be approximated
through the assessment of the frequency modulation, or pitch, of the blood signal.

1.7.8 Soft Tissue Filler

Soft tissue fillers, commonly referred to as dermal fillers or injectable fillers,
are a non-surgical alternative utilized for the purpose of replenishing facial volume and
augmenting cosmetic rejuvenation. Common areas for filler application include the
regions of the cheekbones, marionette lines, nasolabial folds, and the jowl region.
Fillers can also be employed to augment the lips and temples, rectify shallow wrinkles

and creases, as well as enhance the contour of sunken scars.

1.7.9 Structure of Nasolabial Layers
1.7.9.1 Skin
1.7.9.2 Superficial fat pads
1.7.9.3 Muscle: Orbital portions of the orbicularis oculi muscle, zygomaticus
muscles, risorius muscle, buccinator muscle, levator muscle of upper lip.
1.7.9.4 Bone

1.7.10 The Thickness of Each Layer
The measurement will be recorded in three points by using the nasolabial line
and drawing the plane from the lateral of the nose to the 1-2cm laterally to the oral
commissure. The first point is A at the lateral nasal, the third point is C on 1-2 cm from
the corner of the mouth, and the second point B is halfway between points A and C.
1.7.10.1 Skin: the length from the skin surface to the subdermal layers.
1.7.10.2 Subcutaneous: the length from the subdermal layer to the supra-
muscular layer.
1.7.10.3 SMAS: from the Skin surface to the SMAS layer.



1.7.11 Informed Consent
Obtain informed consent from study participants after explaining the study’s
purpose and procedures.
1.7.11.1 Measure Depth: Use the ultrasound data to measure the depth of
the nasolabial artery from the skin's surface. Record these measurements for each
participant and the range is in millimeter (mm).
1.7.11.2 Position Recording: Analyze the ultrasound images to assess the
precise position of the artery in relation to anatomical landmarks. Record these
positions in percentage (%).
1.7.11.3 Study Participants: A diverse group of individuals representative of
various age, gender, and ethnic backgrounds will be recruited for this study.
1.7.11.4 Data Collection: Measurements of the artery's depth and position
will be recorded at specific anatomical landmarks. These data will be obtained non-

invasively, ensuring patient comfort and safety.



CHAPTER 2

LITERATURE REVIEW

The literature review presented in this chapter serves as the foundational

framework for the current study, which aims to investigate the depth and position of

the artery in the nasolabial region utilizing advanced ultrasound technology.

Understanding the precise anatomical location and variations of the angular artery

(terminal branch of facial artery) is of paramount importance in various clinical and

surgical applications. This literature review is structured to provide a comprehensive

overview of existing knowledge, the anatomical context, previous research on

ultrasound imaging, and potential gaps in the field. By critically evaluating the extant

literature, this thesis seeks to contribute valuable insights that can enhance patient

safety, inform clinical practice, and guide future research endeavors in this specialized

area of medical imaging and anatomical research. The items for the literature reviews

of this study are as follows.

1.

Introduction to Nasolabial region and its significance

2. Nasolabial correction

3. Dermal filler complications

4. Anatomy of the artery at Nasolabial area
5. Variation of artery among population

6.
-,
8
9

Clinical relevance of artery position

. Traditional methods for assessing artery of face.
. Advance in ultrasound imaging

. Previous studies on ultrasound imaging

10. Related studies
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2.1 Introduction to the Nasolabial Region and Its Significance

Nasolabial folds refer to prominent facial creases extending from the lateral
aspect of the nose to the oral commissure, which arise due to a multifactorial interplay
including the migration of midfacial adipose compartments, alterations in muscular
topography, and dermal laxity. The folds originate laterally to the ala of the nose and
end 1-2cm laterally to the oral commissure (Themes, 2020a). The deepening of the

folds varies according to race, gender, age, and weight.

2.1.1 The Anatomical Layers of the Nasolabial Area Include the Following:

2.1.1.1 SKkin

The epidermis, which is the outermost layer, is thin. Blood arteries, nerves,
and other things like hair follicles are all found in the dermis layer, which is thicker.

2.1.1.2 Subcutaneous tissue

The subcutaneous layer is comprised of adipocytes and serves as both a
thermal barrier and a source of stored energy. Furthermore, it serves the purpose of
providing support and safeguarding the underlying structures.

2.1.1.3 Muscles

The movement and expression of the nasolabial area are facilitated by
a number of muscles. The muscles include the levator labii superioris, zygomaticus

major and minor, nasalis, and orbicularis oris (Figure 2.1).

Zmj

OOr

Figure 2.1 The Muscles That Related to the Nasolabial Folds
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2.1.1.4 Facial ligaments and connective tissue

The ligamentous and connective tissue structures serve the purpose of
securely attaching the skin to underlying anatomical components. The nasolabial
ligament is an anatomical component that plays a crucial role in the maintenance of the
nasolabial fold’s posture.

2.1.1.5 Facial nerve branches

The facial nerve provides innervation to the muscles responsible for facial
expression, especially those surrounding the nasolabial region. The motion of such

muscles is regulated by the branches of the facial nerve.

2.1.2 Significance of Nasolabial Region

2.1.2.1 Facial expression

Changing muscular activity in the nasolabial region allows facial
expressions like smiling, frowning, and other mouth-and-nose muscle movements.

2.1.2.2 Aesthetics and beauty

The nasolabial area affects facial attractiveness. Smooth, well-defined
nasolabial folds are connected with a youthful appearance. Nasolabial changes like
deepening folds with aging might affect appearance.

2.1.2.3 Age-related changes

The development of a more prominent nasolabial fold caused by reduction
of skin elasticity, changes in muscle tone, and loss of fat. Cosmetic dermatology and
plastic surgery often utilize dermal fillers to correct age-related changes.

2.1.2.4 Medical Significance

The nasolabial area has medical relevance beyond cosmetics. Certain
medical disorders or symptoms may appear there. Nasal pain or tenderness may indicate
sinusitis or dental difficulties.

2.1.2.5 Communication and social interaction

For efficient communication, the nasolabial region’s motions and
expressions are crucial. This area of the face can indicate a wide range of emotions and
intentions, which can have an impact on interactions with others and relationships

between individuals.
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Nasolabial folds arise as a result of the contraction of the levator muscles of the
lip during the act of smiling, leading to an increase in tissue expansion pressure inside
the superficial nasolabial fat pad located above and Caucasian women have shown
greater nasolabial fold severity than African American and Asian women (P<0.029),
and Caucasian men have shown significantly greater nasolabial fold severity than Asian
men (Swift et al., 2020).

The clinical signs of nasolabial fold and aging include triangular depression,
widening of the nasal nostril, elongation of the upper lip, and elongated nasolabial with
dynamic and fine lines. In addition to this, skin thinning, and skin fibrosis are also
noticed in that area. The folds usually form at the age of 30 or earlier, by the 40s the
nasolabial fold becomes deeper, and by the 50s the nasolabial folds are increasingly
prominent (Swift et al., 2020). The prevalence has been reported to be as high as 85%
by age 40 to 49 years However, the process can be accelerated or anticipated by genetic

variables, lifestyle choices, smoking, UV light, and severe ponderal changes.

2.1.3 The Causes of Deepening Nasolabial Creases

2.1.3.1 Bone

The facial bones offer stability, definition, and a framework for the
attachment of surrounding soft tissue. As we age, the bones shrink and remodel, which
causes the soft tissue that lies on top to recede and change position, relocating fat pads
and muscle in the inferior and medial directions. The piriform and canine fossa recede,
along with dento-alveolar regression and maxillary retrusion, all contribute to the
deepening of nasolabial folds.

2.1.3.2 Fat

The nasolabial fat pad (i.e., the inferolateral section of what was previously
termed the malar fat pad) may descend from loss of support as the maxilla and the
mandible bone recede and/or lateral deep medial check fat atrophies (Swift et al., 2020).
The weakening of the orbital and malar ligaments and stretching of the fascial septa in
the nasolabial fat pads may make this fall worse by reducing the support they provide.

2.1.3.3 Muscle

The manifestation of facial muscle aging symptoms associated with

senescence arises from the repetitive contraction of muscles and changes in muscle
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tone. The act of smiling involves the elevation of the lip towards the nasolabial fold,
which is facilitated by the levator muscle bundles that originate from this fold. They
involve the levator muscle of the upper lip raising the lip and the fold upward. Paralysis
of facial muscles effaces the nasolabial fold, conforming action of the mimic muscles
and their influence on a deepening of the fold (Themes, 2020a).

2.1.3.4 Skin

The process of skin aging can be attributed to two primary causes, namely
intrinsic factors, and external factors. The main extrinsic factors are photoaging from
UV light followed by smoking and air pollution. The skin tends to develop coarse
wrinkles, pigment, dryness, etc. The dermis layer consists of collagen, elastin, and
glycosaminoglycans, which contribute to the maintenance of skin hydration. Intrinsic
aging is characterized by the thinning and weakening of the skin, accompanied by
dermal atrophy, collagen degradation, glycosaminoglycan degradation, and the

subsequent development of wrinkles (Swift et al., 2020).

2.1.4 The Wrinkle Severity Rate Score (WSRS) of Nasolabial Folds

Table 2.1 The Wrinkle Severity Score

Grade Severity
1 Absent: no visible NLFs; continuous skin line.
2 Mild; shallow but visible NLFs with a slight indentation.
3 Moderate; moderately deep NLFs; visible at normal appearance but not

when stretched.

4 Severe; very long and deep NLFs; < 2mm visible NLFs when
stretched; prominent facial features.

5 Extreme; extremely deep and long NLFs; 2 to 4mm V-shaped folds

when stretched; detrimental to facial appearance.

Source Qiao et al. (2019)
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1 2 3 4
None Mild Moderate Severe Extreme
No wrinkle Shallow, just Moderately Deep wrinkle, Very deep wrinkle,
perceptible wrinkle deep wrinkle well-defined edges redundant fold

(but not overlapping) (overlapping skin)

Source Dayan et al. (2019)

Figure 2.2 The Severity Score of Nasolabial Fold

2.2 Nasolabial Fold Correction

Recently, a number of nasolabial enhancement options have been available,
including dermal filler (hyaluronic acid, polymethylmethacrylate, calcium hydroxyapatite),
laser resurfacing, radiofrequency devices, fat grafting, HIFU, and thread lifting.

2.2.1 Dermal Filler

The cheek’s descent and volumetric loss in the malar mound can cause the
skin’s lateral fold to fold over. The fold’s medial section may descend due to the top
lip and perioral complex becoming thinner. The implementation of product placement
in this particular area can be achieved by several approaches such as cross-hatching,
fanning, linear threading, or serial piercing methods (Kontis & Lacombe, 2013) (Figure
2.3). The placement of the substance typically varies in terms of depth, with deeper
application for folds versus more shallow application for wrinkles.
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Source Kontis and Lacombe (2013)

Figure 2.3 Techniques to Treat the Nasolabial Fold

Numerous items have received approval for utilization within this geographic area,
encompassing hyaluronic acid (HA), calcium hydroxyapatite (CaHA), polymethylmethacrylate

(PMMA), Polycaprolactone, and other such substances.

2.2.2 Laser Resurfacing

Erbium: YAG laser resurfacing and Co2 laser resurfacing have been used to
minimize the wrinkles and fine lines. Both laser systems are “ablative” laser skin
resurfacing techniques and they target mainly the epidermis but also affect the dermis

(Derm.net).

2.2.3 Radiofrequency Devices
It is a non-invasive procedure that employs a device to transmit radiofrequency
(RF) radiation into the skin’s deeper layers. This heating action promotes an immediate

tightening of the skin’s tissue and structural elements.
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2.2.4 Fat Grafting

A technique called “fat grafting” involves injecting extracted adipose tissue
under the skin to aid in repair. Through the improvement of tone and texture, autologous
fat grafting used for facial rejuvenation gives the face its lost volume. The bottom part
of the face encompasses several prominent anatomical structures, such as the nasolabial
fold, labio-mandibular fold, pre-jowl sulcus, lips, and chin. The nasolabial fold
becomes more pronounced when the cheek loses volume, and addressing the malar fat
compartments through filling can effectively elevate the nasolabial fold (Schultz et al.,
2020)

2.2.5HIFU

A non-invasive skin tightening treatment. Ultrasound waves turn into heat and
cavitation, causing tissue injury and necrosis (Contini et al., 2023). The superficial
muscular aponeurotic system (SMAS) layer and (deep) dermal layers are targeted. The
mechanism of action of high intensity focus ultrasound including delivery of energy
initiates the natural wound healing process, Fibroblasts create new collagen over time,
healthier, reducing skin laxity, and tighter skin resulting in the lifting of tissue to a more
youthful look. HIFU is utilized for skin rejuvenation, skin tightening, nasolabial fold

reduction, jowl lifting, malar enlargement, and skin rejuvenation.

2.2.6 Thread Lifting

The thread lift process is widely recognized and regarded as a prominent and
efficacious method for rectifying facial contour irregularities, as well as mitigating the
appearance of deep wrinkles, even among individuals who have surpassed the age of
50. Indications of thread lift are sagging chin or cheeks, change in the facial contours
due to the appearance of deep wrinkles in the nasolabial fold and around the eyes, and

to elimination of submental fat and neck contouring.

2.3 Dermal Filler Complications

There are several studies that have been mentioned in prevention strategies

regarding soft tissue filler injection. However, it is important to acknowledge that issues
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may occur, necessitating the need for recognition. The potential hazards linked to
dermal fillers depend on the filler used and the anatomical site of administration. The
study by Witmanowski and Btochowiak (2020), can be divided the complications into
non-ischemic and ischemic complications.

Non-ischemic complications are not specific to the type of dermal filler. The
many consequences observed at the injection site include erythema, edema, itching, and
bruising, which are frequently encountered. Other complications are persistent
erythema, depigmentation, lumpiness, persistent granulomatous foreign body reaction,
ulceration, contour irregularities, the Tyndall effect, infection or biofilm formation,
ulceration, inflammatory reaction, and bluish discoloration.

Ischemic complications are the most fearful and serious complication related to
the use of dermal fillers leading to arterial or venous occlusion, followed by ischemia,
with necrosis of skin or vision loss. One of two causes of necrosis is either a vascular
supply disruption caused by compression, or a vessel obstruction marked on by a
substance being injected directly into the vessel. The incidence of vascular occlusion
has been reported as being up to 3 in 1000 injections and for HA injections the incidence
of vascular occlusion may be slightly less at 3-9 per 10,000 injections (Witmanowski
& Btochowiak, 2020).The most high-risk injection areas associated with visual
compromise include the glabellae, forehead, nasal region, nasolabial folds, and temple
due to artery supply and its anastomosis with the ophthalmic artery (Witmanowski &
Blochowiak, 2020).

2.4 Anatomy of the Artery at Nasolabial Area

The blood vessels on the face are crucial. Blood vessel-related problems,
including skin necrosis and blindness will be more noticeable as fillers become more
widespread. The facial artery supplies the nasolabial fold areas. The facial artery
follows its route in the nasolabial fold, where it divides into the inferior and superior
labial branches, the septal branch, which irrigates the nasal septum, and the alar branch,
which in turn supplies the ala of the nose. The facial artery divides into these two

branches and then continues an ascending course, dividing into the lateral nasal branch
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and forming anastomoses with the septa and alar branches, the dorsal nasal branch of
the ophthalmic artery, and the infraorbital branch of the maxillary artery.

The facial artery splits off from the external carotid artery, courses the inferior
border of the mandible, and curves upward to the lateral aspect at pre masseteric notch
beneath the platysma. Located within the buccal space, there exists a tortuously rising
structure with a diameter measuring roughly 2.14 mm (Isaac et al., 2023). The facial
artery, which traverses the upper-medial region of the face, gives rise to the inferior
labial artery, superior labial artery, and lateral nasal artery. It ultimately concludes its
course as the angular artery (Figure 2.4). additionally, the study by Ten et al. (2020), in
84 cases about the evaluation of facial artery course variation and depth, found the facial
artery courses may be highly superficial (2.5 mm at the mandibular origin, 3.7 mm at
the cheilion, 3.7 mm at the nasal ala) or it may follow a very deep course near the
periosteum (15.0 mm at the mandibular origin, 18.7 mm at the cheilion, 23.5 mm at the
nasal ala). FA depth varied between 5.98 mm and 6.62 mm at the mandibular origin,
between 8.36 mm and 9.20 mm at the cheilion, between 9.52 mm and 10.51 mm at the
nasal ala (Ten et al., 2020).

L jﬁratrochlear a.
) “J J I Supraorbital a.
vﬁ / Dorsal nasal a.

Angular a.

Lateral nasal a.

Superior labial a.

Inferior alar br.

Facial a.

Source Kim et al. (2024)

Figure 2.4 The Course of the Facial Artery
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2.4.1 Facial Artery Branches

2.4.1.1 Superior, Inferior labial branch

The facial artery ascends obliquely to the angle of the mouth. The superior
labial artery supplies the upper lip. And the inferior labial artery to the lower lip.

2.4.1.2 Inferior alar branch

The inferior alar branch courses towards the columella in close proximity to
the nasal ala. The artery in question combines with columellar branches originating
from the superior labial artery, resulting in the formation of an arterial structure that
extends to the nasal tip.

2.4.1.3 Lateral Nasal branch

The lateral branch supplies the ala and nasal bridge. Following the division
of the lateral aspect adjacent to the nasal ala, the course of the anatomical structure
extends down the lateral side of the nose, subsequently connecting with both the nasal
branch of the infraorbital artery and the nasal branch of the ophthalmic artery.

2.4.1.4 Angular artery

It is a terminal branch of the facial artery. It ends at the medial canthus
region and branches to the medial side of the eyelid and the nose. This artery sometimes
branches from the ophthalmic branch rather than the facial artery. In 51 % of cases, it
is terminated from the branch of the facial artery (Kim et al., 2024). The angular artery
courses between the space and the deep medial cheek fat compartment, not directly on
the periosteum (Themes, 2020a) (Figures 2.5 and 2.6).
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Figure 2.5 The Angular Artery and Piriform Fossa
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Figure 2.6 The Angular Artery
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2.4.2 Typical Distribution Patterns of the Facial Artery
Depending on the direction of the artery, locations, and regions to supply, the
facial artery is defined into four types. The branching pattern can be categorized into
three depending on the region:
1. Type I nasolabial pattern 51.8% (Figure 2.7a)
2. Type Il nasolabial pattern with infraorbital trunk 29.6 % (Figure 2.7b)
3. Type Il forehead pattern 18.6 % (Figure 2.7¢)
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Source Kim et al. (2024, p. 38)

Figure 2.7 (a) Type | Nasolabial Pattern (b) Type Il Nasolabial Pattern with Infraorbital
Trunk (c) Type 111 Forehead Pattern
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2.5 Variations in Artery Position Among Populations

2.5.1 The Facial Artery and the Angular Artery

In 93.3% of Asians, the facial artery runs close to the nasolabial fold. The artery
is located 3.2+4.5 mm apart from the nasal ala; and 13.5+5.4 mm apart from cheilion
(Kim et al., 2024). The nasal division of the facial artery is seen to traverse the medial
portion of the nasolabial fold in 42.9% of individuals of Asian descent. Additionally,
in 23.2% of Asians, the nasal division of the facial artery is found to travel the lateral
aspect of the nasolabial fold. In a significant proportion of cases (33.9%), the artery
traverses the nasolabial fold, while among Asians, a considerable percentage (43%)
exhibit the facial artery ascending within a proximity of 5 mm from the nasolabial fold
(Kim et al., 2024) (Figure 2.8).

B (42.9 %) C (23.2 %)

D (19.6 %) E (14.3 %)

Source Kim et al. (2024)

Figure 2.8 Location of Facial Artery Reference to the Nasolabial Fold

On top of that, the facial artery continues all the way to the angular artery in
only 36.3% of cases among 91 Korean hemifaces. In other races, the angular was
observed in 4 % of French hemi-faces, 12% of Japanese hemi-faces, 22 % of Turkish
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hemi-faces, and 68 % of British hemi-faces. The true reason for the variation is still
unknown, even though the investigation showed distinct angular artery incidences
among different ethnicities (Kim et al., 2024).

A study on computed tomographic angiography on the Asian population by
Wang et al. (2021), report the different positions of facial artery related to the nasolabial
fold. Among 300 facial arteries from 150 Asian patients, a total of 72.3% of facial
arteries were located medially to the nasolabial fold, 14.7% of arteries were lateral to
the nasolabial fold, 5.7% of arteries crossed laterally to the nasolabial fold and 7.3% of

arteries crossed medially to the nasolabial fold.

2.5.2 The Relation of Angular Artery and the Nasolabial Sulcus

In the study of three-dimensional description of the angular artery in the
nasolabial fold use the computed tomography (CT scan) of Russian Caucasian by
Gelezhe et al. (2020), found that the angular artery was lateral to the nasolabial sulcus
in 100% of cases, the greatest distance between the artery and the nasolabial fold was
at the nasal ala (13.73[3.9] mm) and the smallest distance was at the oral commissure
(11.91 [7.9] mm).

2.6 Clinical Relevance of Artery Position

The facial artery is a branch of the external carotid artery. It runs along the side
of the nose, contributing to the blood supply of the face. The clinical relevance of the
angular artery (branch of facial artery) position is primarily associated with facial

anatomy and surgical procedures.

2.6.1 Plastic and Reconstructive Surgery
2.6.1.1 Facial flaps: The surgeon may take into account the location of the
nasolabial artery when designing and planning facial flaps for reconstructive surgery.
2.6.1.2 Facelifts and Rhinoplasty: procedures involving the face, such as
these procedures must consider the blood supply to the skin and soft tissues, including
the nasolabial region. Injury to the artery can lead to complications like hematoma,

tissue necrosis, or impaired healing.
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2.6.2 Maxillofacial Surgery
Cleft lip and palate repair needs to be aware of the vascular anatomy in the

nasolabial region to avoid compromising blood supply during the procedure.

2.6.3 Injectable Fillers and Dermatological Procedures

Dermal fillers: in aesthetic procedures like dermal filler injections,
understanding the position of the arteries is crucial to avoid inadvertent injection into
the vessels. Injecting into an artery can cause vascular occlusion, leading to tissue

necrosis. Knowledge of the nasolabial artery location helps to avoid complications.

2.6.4 Trauma and Emergency Medicine
Facial trauma: understanding the vascular supply in the nasolabial area is
crucial. when dealing with facial trauma to ensure proper wound healing and to prevent

complications related to compromised blood flow.

2.6.5 Anatomy Education
Knowledge of the nasolabial artery’s position is fundamental in medical

education, especially in anatomy courses and surgical training programs.

2.7 Traditional Methods for Assessing the Artery

There are several imaging techniques to visualize the anatomical variations in
the arteries of face including the Nasolabial artery. They are color Doppler
ultrasonography, conventional angiography, CT angiography (CTA), and Magnetic
resonance angiography (MRA) (Mespreuve et al., 2020). The utilisation of colour
Doppler imaging enables the enhanced visualisation of minute facial arteries, while the
incorporation of depth measurement permits a comprehensive examination of the local

vascular structures.

2.7.1 Conventional Angiography (CA)

Conventional angiography (CA) is a method of assessing the face arteries by
using contrast material. Throughout the course of the treatment, a diminutive catheter
is introduced into an artery located in the groin region and thereafter manoeuvred
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through the intricate network of blood vessels in order to access the artery.
Nevertheless, the administration of injections may give rise to complications such as
haemorrhaging at the site of injection, injury to the vessel wall, and the formation of
blood clots. Moreover, the risk of a focal neurological deficit caused by CA ranges
between 0.14% and 0.5% (Mespreuve et al., 2020).

2.7.2 Computed Tomography Angiography (CTA)

CT angiography is a highly valuable modality for visualising the three-
dimensional architecture of blood arteries. Complications arising from the administration of
iodine contrast media and exposure to radiation remain a potential concern. In
aggregate, the overall risk to patients undergoing computed tomography angiography
(CTA) operations ranges from 15 to 36 instances of cancer per 1 million procedures
(Mespreuve et al., 2020).

2.7.3 Magnetic Resonance Angiography (MRA)

Magnetic resonance angiography (MRA) can utilize intravenous (IV) contrast
agents in order to augment the visualization of blood arteries. However, it is important
to acknowledge that the administration of IV gadolinium injection carries inherent risks

that may provide possible harm to the patient.

2.8 Advancements in Ultrasound Imaging Technology

Real-time visualization of the anatomical details of the patient is achievable
through the utilization of ultrasonic examination, a non-invasive imaging modality.
Both healthy skin and problematic lesions are assessed using skin ultrasound
examinations. Doppler ultrasound offers the potential to assess the location and the
course of arteries, to measure the intensity of blood flow, and to evaluate the waveform
in case of vascular injury without the administration of a contrast agent. Ultrasound
waves penetrate the skin and depending on the underlying structures, will be transmitted
through fluid-containing elements, or reflected by hard components (Schelke et al.,
2022).
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A probe and a processor are the two main components of an ultrasonic device.
To enter body tissue, the probes will produce a sound wave. During their interaction
with the tissue, sound waves weaken as they are absorbed or scattered. The transducer
(The probe) plays a crucial role in cutaneous evaluation and high-frequency transducers
have high resolution and low penetration, excellent for superficial evaluation of the skin
with a minimum frequency of 15 MHz (Vasconcelos-Berg et al., 2023).

Images of the common facial tissue types, including the fascia, muscle, bone,
and the dermis and subdermal layers. The blood vessels are anechoic and circular to
oval in shape, while the fibrous tissue exhibits, hyperechoic streaks (Table 2.2). The
dermis is a small hypoechoic band. Because bone and fascia are dense, hyperechoic

structures, the muscle displays hypoechoic features (Velthuis et al., 2021).

Table 2.2 Grayscale of Echogenicity

Grayscale of Echogenicity

Echogenicity  The ability of tissue or substance to reflect sound waves and
produce echoes

Anechoic No echoes; appears black on ultrasound.

Hypoechoic Reflective and lower amount of echoes appears as varying shades
of dark grey.

Hyperechoic ~ Highly reflective and echo-rich when compared to neighboring
structures, appears as varying shades of light grey.

Isoechoic Having similar echogenicity to a neighboring structure.

Source Schelke (2018)

The Pattern of Fillers by Ultrasound
Urdiales-Galvez et al. (2021) studied the ultrasound patterns of different dermal
filler materials used in aesthetics in sixty patients to assess the patterns of fillers. They

identify four patterns:
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1. Heterogenous, characterized by alternating hyperechoic and anechoic areas
which are visualized in soft tissue in heterogeneous ways. This pattern is seen in healthy
skin and with integrated Hyaluronic acid fillers.

2. Fine grain snow, characterized by alternating hyperechoic imaging, with
posterior echogenic shadows, and it is seen with silicone injection.

3. Coarse grain snowfall is typified by the presence of hyperechoic images
that are uniformly dispersed throughout the tissue and seen in calcium hydroxyapatite
and polymethyl methacrylate-based fillers.

4. Globular, typical cystic imaging. The observed pattern consists of
polyalkylamides and polyacrylamides, as well as HA-based fillers administered shortly

following injection.

2.9 Previous Studies on Ultrasound Imaging

The evaluation of facial artery course variations in relation to the nasolabial
region by ultrasound in 66 hemifaces of 33 patients mentioned the most common course
was type 1, and 59.1% had an angular branch as an end (Shen et al., 2023). This study
also found that 50% of facial artery situated inferior to the nasolabial fold (Shen et al.,
2023). Moreover, the artery detected in the dermis and subcutaneous tissue in the facial
artery-nasolabial fold relationship.

In the study by Lee et al. (2020), a single-center, retrospective, case series study,
DUS to visualize the arterial anatomy of the nasolabial fold in 80 cases: detected the
facial artery in the subdermal layer 13%, the subcutaneous layer 29%, the muscular
layer 24% and the submuscular layer 4%, also 31% located lateral to nasolabial fold
(Figure 2.9 a &b).
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Figure 2.9 (a) Ultrasound of Nasolabial Fold Structures with no Artery Detection (b)
Location of the Facial Artery in the Nasolabial Fold

Another study by Lee et al. (2023), mentioned the use of ultrasound to detect
the facial artery pathway in nasolabial fold correction, the facial artery presented
transversing the nasolabial fold area (69%) or lateral to the nasolabial fold area (31%)

and he has mentioned about the wave frequency 8 MHz can provide a depth of
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visualization of approximately 50mm, while 20MHz gives a depth of 10mm. So, 8-17

MHz can cover all the facial layer detection (Figure 2.10).

Source Lee (2023)

Figure 2.10 Different Depths of Visualization

2.10 Related Studies

Recent studies mentioned the use of ultrasound to visualize certain areas such
as lips, jawline, midface, nose area, forehead, and temples. And used to guide filler
injection (Lee et al., 2020), botulinum toxin injection, threat lifting, a guide for lipo-
filling, and the use of ultrasound to handle complications (nodule, edema, granulomas,
abscess, etc.) (Schelke et al., 2023).

There are several studies that using ultrasound machine to visualize the facial
structures and the vessels in different location like the anatomy study of temporal region
by Zhao et al. (2023) mentioned about the visualize thickness and position of vessels,
skin, subcutaneous fat, fascia, muscle at various point ,and he found the significant
different between the superficial fat pad and deep temporal fat pad and the slightly
different of vessels. However, there are no discussion or utilise any imaging apparatus
to study on the nasolabial structure in Thai subjects. Moreover, the study by Lee et al.

(2020), About the nasolabial correction with hyaluronic acid filler which is used the



31

doppler ultrasound guided found the variation of artery position in the nasolabial area
with the same Ethnic background.

To our knowledge, the study of the artery and measure thickness the nasolabial
fold structure in Thai people for who no to receive filler and have received filler by the
ultrasound machine has not been published in the literature. Therefore, we aim to utilize
the high-frequency ultrasound machine to evaluate the thickness of nasolabial fold
structures and the artery in Thai subjects who never receive filler injection and have
received filler before.

Therefore, from the data mentioned above, in this study, we will use ultrasound
(VENUE GE Healthcare, from the United States) with a wave frequency of 2.5-20 MHz
probe to visualize all the facial layers, which we can detect the position of the artery of
the nasolabial areas.



CHAPTER 3

RESEARCH METHODOLOGY

3.1 Study Design

An observational cross-section study, a one-time examination by high-frequency
ultrasound on the group who has received filler and never received filler to specify the depth
and position of arteries and the structure of nasolabial folds. Outcome measurements included
the depth and position of arteries, and the thickness of nasolabial fold structures such as skin,

subcutaneous, SMAS, and bone.

3.2 Population Selection

The study was conducted in groups of Thai people who came to Mae Fah Luang
University Hospital, healthy males and females.

3.3 Study Location

Mae Fah Luang University Hospital, Bangkok

3.4 Sample and Sample Size Determination

The volunteers were taken from those who came to Mae Fah Luang Hospital for the
filler injection on NLFs. The data was collected before the filler injection. In addition, data
was collected for subjects who never received filler and have received filler before, age range
of 25-50 years with grading nasolabial fold severity scores as grades 1, 2, 3, 4, and 5
respectively.

The reference data was taken from the research article “The Anatomy Study of
Temporal Region based on the Ultrasound Investigation: A Spatial Structure Study” by
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Zhao et al. (2023). A total of 30 subjects, both Male and Female with 60 temporal areas. The
mean age was 26.7+ 3.1 years old.

Since the methods of the study have been conducted in another country, we are
adopting a sample size, a cross-sectional study (Zhao et al., 2023). Therefore, the subjects in
this research was 30 subjects with a 10% dropout rate. So, the total number of subjects
enrolled were 33 subjects, both Males and Females with 66 nasolabial folds, age range of
25-50 years.

3.5 Selection Criteria

3.5.1 Inclusion Criteria
The following criteria was used to select and include all prospective volunteers.
3.5.1.1 Healthy individuals
3.5.1.2 Both male and female
3.5.1.3 Age between 25-50 years old
3.5.1.4 Volunteers who never received filler injection and have received filler
before on nasolabial fold.
3.5.1.5 Volunteer with no other treatments like fat grafting.
3.5.1.6 Volunteers were required to sign consent documents outlining the
benefits, risks, and publication of photographs.

3.5.1.7 Volunteers were required to be able to adhere to the study’s instructions.

3.5.2 Exclusion Criteria

3.5.2.1 History of facial operation.

3.5.2.2 Known Facial Vascular Malformation

3.5.2.3 History of Thread Lifting.

3.5.2.4 Underlying diseases such as psychiatric diseases, HIV, autoimmune
diseases.

3.5.2.5 Pregnancy or lactation during a period of study.

3.5.2.6 Individuals had undergone previous trauma in nasolabial region.

3.5.2.7 Individual who was allergic to ultrasound conducting gel.
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3.5.3 Discontinuation Criteria

Volunteers would like to discontinue the program for any reason.

3.5.4 Early Termination Criteria
3.5.4.1 Volunteers had any side effects of ultrasound conducting gel like itching
and burning.

3.5.4.2 The research was terminated in case severe allergic reactions occur.

3.6 Materials and Equipment

3.6.1 Ultrasound machine (VENUE GE Healthcare, 2.4-20 MHz)
3.6.2 Ultrasound conducting gel.

3.6.3 Research declaration form

3.6.4 OPD card

3.6.5 Informed Consent Form

3.6.6 Clinical Evaluation Record Form

3.7 Study Procedures

3.7.1 Research Subject’s Preparation

3.7.1.1 This research was conducted after approval by Mae Fah Luang Ethical
Committee.

3.7.1.2 All subjects were selected for examination by using inclusion and
exclusion criteria.

3.7.1.3 The researcher provided a comprehensive description of the study’s
objectives, methodologies, and potential advantages.

3.7.1.4 The subjects were informed and willing to sign an informed consent for
admission to the study.

3.7.1.5 The subject’s information was recorded.

3.7.1.6 The standard photographs were taken and WSRS scores were assessed.

3.7.1.7 The data was collected by ultrasound scan.
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3.7.2 Examination Process

3.7.2.1 Before the examination procedure, all volunteer’s face was cleaned. then
three points were noted (A, B, C) following the nasolabial folds line from the lateral of the
nose to the 1-2cm lateral to oral commissure.

3.7.2.2 Ultrasound conducting gel was applied to the nasolabial area before
starting the examination.

3.7.2.3 All participants received high-frequency ultrasound (VENUE, GE
Healthcare, United States) for a one-time examination on both sides of the nasolabial areas.

3.7.2.4 The hockey stick probe was placed along each point to map the depth and
position of the artery and measure the thickness of the nasolabial structures at each point.

3.7.2.5 The thickness of the nasolabial structure such as skin, Subcutaneous,
SMAS, and bone was measured.

3.7.2.6 Each subject took about 10-15 minutes.

3.7.2.7 The ultrasound gel was wiped off and then the volunteer’s face was rinsed

off with water.

Source Lee et al. (2020)

Figure 3.1 The Examination Area



36

Source Themes (2020b)

Figure 3.2 Nasolabial Folds Create Points

[

before procedure

A

e Assessed WSRS score
of the folds.

e Standard photography
on both sides of NLF.

Ultrasound scanning

High-frequency

During scanning

Mapped the positibn and deep of the
artery at specific point.

Measured the thickness of the nasolabial
structures such as skin, subcutaneous,
SMAS and bone .

Figure 3.3 The Research Procedure
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3.8 Outcome Measurement and Data Collection

All data were recorded in the case record form.

3.8.1 Demographic data: age, gender, history of filler

3.8.2 The nasolabial severity score using wrinkle severity scores.

3.8.3 The depth and position of the artery in the nasolabial region.

3.8.4 The thickness of Nasolabial structures such as skin, subcutaneous, and
SMAS.

3.9 Data Analyses

Descriptive Statistics
1. Using descriptive statistics analysis, information like percentages
(position of artery), means, medians, ranges, and standard deviations (for age, the
thickness of each nasolabial layer, and depth of artery) were used to describe the profile
data of the subjects.
2. Distribution of outcome by age, history of filler, wrinkle severity score,

gender demographic.

3.10 Ethical Consideration

All protocols of the research were conducted only after approval by the human
research committee at Mae Fah Luang University (Approval No. EC 23273-20) and
this study was conducted by following the guideline of Good Clinical Practice (GCP).
The researcher has completed Good Clinical Practice and the Human Research Ethics
training course. VVolunteers experienced enhanced levels of confidence when they were
aware that the rights, safety, and welfare of study subjects were respected in accordance
with ethical norms.

For general understanding, considerations were as follows.

1. An evaluation and approval of the research by an ethics committee.
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2. Volunteers completely understand the objective, methodology, and
possible side effects of the research.

3. Prior to participating in the study, volunteers will provide their informed
consent by signing a consent form. Individuals have the option to depart at any given
moment without incurring any negative consequences.

4. In the event of the occurrence of a problem, the researcher assumed
responsibility and fully helped the volunteers.

5. This research was free of charge.

6. All data provided was held in strict confidentiality. The researcher
replaced the file names of the patients’pictures with serial numbers, ensuring that both
the names and the numbers are identical.

7. During the research, serious adverse events were reported to the ethics
committee.

8. This study was a cross-sectional and the study was conducted only a one-
time examination, at the end of the study, we were able to see the clear tissue structures,
position of the artery and the course of facial artery on nasolabial area, this will
beneficial for volunteers and also evidence that in order to reduce the complication of
filler we can use ultrasound to map the facial structures of inject side and the position

of vessels.



CHAPTER 4

RESULTS

The research was conducted to study the anatomy of the nasolabial fold region
by High-Frequency Ultrasound on both filler and non-filler injection subjects. The
results were reported in 2 parts:

1. General characteristics of subjects
2. The parameters Measurement
1) Soft tissue thickness
A. Soft tissue thickness of Point A
B. Soft tissue thickness of Point B
C. Soft tissue thickness of Point C
2) Depth and the position of the facial artery
A. Depth of facial vessel
A) Depth of facial artery in all subjects
B) Depth of facial artery in filler injected and no filler injected.
B. Position of facial vessel
A) Position of vessels in all subjects

B) Position of vessels in filler injected and no filler injected.

4.1 General Characteristics

Thirty-three patients were screened for the study, a total of 66 nasolabial folds
(left and right), 7 males and 26 females were enrolled, and all the patients completed
the study at Mae Fah Luang University Hospital, Bangkok. The patients were recruited
from an outpatient population. The demographic data of all volunteers is demonstrated

in Table 4.1. The age ranged from 25 to 46 years, with a mean age was 33.79 years.
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The volunteers who have received filler injections before were 8 and no filler was 25.

None of them were taking any medication.

Table 4.1 General Characteristics (N=33)

) History of filler
Demographic data

Yes (n=8) No (n=25)

Gender, n(%)

Male 2 (25) 5 (20)

Female 6 (75) 20 (80)
Age (years), meanSD 36.25+6.58 33+6.34
(min - max) (28-46) (25-44)
Nasolabial severity score, n(%)
Right side

1 0 (0) 2(8)

2 3(38) 9 (36)

3 4 (50) 12 (48)

4 0 (0) 2 (8)

5 1(12) 0 (0)
Left side

1 0 (0) 2 (8)

2 3(38) 9 (36)

3 4 (50) 12 (48)

4 0 (0) 2(8)

5 1(12) 0 (0)

8 volunteers with a history of filler injections, 75% were female and 25% were
male. The mean age was 36.25+6.58 years, with the minimum being 28 years and the
maximum being 46 years. The nasolabial severity score on the right and left sides was
mostly at level 3 (50%), followed by level 2 (38%), and level 5 (12%), respectively.
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25 volunteers never received filler, 80% were female and 20% were male. The mean
age was 33x6.34 years, with the minimum age being 25 years and the maximum being
44 years. The nasolabial severity score on the right and left sides was mostly at level 3
(48%), followed by level 2 (36%), and levels 1 and 4 (8%), respectively.

4.2 Parameter Measurement

This study measured the Nasolabial region on both sides of each subject. The
right side of the nasolabial region is marked in three points (Figure 4.1): point A or
RN1 (at the lateral of the nose) which is considered the common location for filler
injection, point C or RN3 (at 1-2cm from the corner of the mouth) and Point B or RN2
(at the middle point between point A and point C) and the left side of nasolabial fold
are LN1, LN2, LN3 respectively.

Figure 4.1 Nasolabial Folds Created Points A, B, And C Both the Right and Left,
Hockey Stick Probe
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Among 8 people who have received filler injections before, we found 6 people
have remaining filler particles (Figure 4.2, 4.3, 4.4). However, the injection duration

and the filler types may play an important role in the tissue.

1

Right Nasolabial

Figure 4.2 Anechoic Mass on the Right Nasolabial Fold (Point A), 30-Year-old Male
Volunteer after 3 Days of HA Filler Injection, a Dot Line Indicates Filler

Particles



Figure 4.3

Figure 4.4

43

~Ns

Right NLF

Anechoic Masses on the Right Side NLF (Point B; Midpoint), HA Filler
Injection on 43-year-old Female Volunteer after 1-year Filler Injection,

Dots Line Indicates Filler Particles

Mae Fah Luang BKK Hospital
08/03/2024 15:18:33
v

va 5
g o

Left NLF

HA Filler Particles on the Left Side NLF, Measured by Wide-band Linear
Array Probe on a 43-year-old Female Volunteer after 1-year Filler Injection,
a Dot Line Indicates Filler Particles
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4.2.1 Soft Tissue Thickness

1. The thickness of each nasolabial layer (d1-d4) at point A left and right.
At points B and C, the thickness of each layer (d1-d3) left, and right were measured.

2. The position and depth of the facial and angular artery (point A) at each
point were measured.

The layer arrangement of the fascial planes of the face (Figure 4.3): skin
(which has the epidermis and dermis), subcutaneous fat, musculoaponeurotic,
comprised of the SMAS and facial muscles, loose areolar tissue or deep fat, periosteum,
and deep fascia (Whitney, 2024). The anatomical layer of the right-side nasolabial fold
by high-frequency ultrasound of each point is shown in Figure 4.6.

4.2.1.1 Soft tissue thickness at point A:

The participant with no filler usage history had a mean thickness of the skin
on the right and left sides was found to be 1.82+0.40 mm and 1.95+0.32 mm,
respectively. The mean thickness of the subcutaneous layer (from subdermal to
subcutaneous) on the right and left sides was 3.08+0.84 mm and 2.93+0.79 mm,
respectively. The mean thickness of SMAS (from the skin to SMAS) on the right and
left sides was 4.98+1.07 mm and 4.84+0.98 mm, respectively. The mean thickness from
skin to bone on the right and left sides was 9.72+1.87 mm and 10.56£1.99 mm,
respectively.

The participant with filler usage history had a mean thickness of the skin on
the right and left sides was found to be 1.45+0.43 mm and 1.66+0.45 mm, respectively.
The mean thickness of the subcutaneous layer (from subdermal to subcutaneous) on the
right and left sides was 2.84+0.61 mm and 3.24+0.39 mm, respectively. The mean
thickness of SMAS (from the skin to SMAS) on the right and left sides was 4.48+1.11
mm and 4.85+£0.56 mm, respectively. The mean thickness from skin to bone on the right
and left sides was 9.8+2.39 mm and 11.76+1.89 mm, respectively (Table 4.2)



Table 4.2 Soft Tissue Thickness at Point A (Lateral of Nose) (N=33)
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Soft tissue thickness Right Left
(mm.) meantSD min-max meantSD  min - max

No filler group (n=25)
Thickness of skin 1.82+0.40 1-2.6 1.95+0.32 1.4-25
Thickness from subdermal  3.08+0.84 1.6-5.1 2.93+0.79 1.7-4.8
to subcutaneous
Thickness from skin to 4.98+1.07 3.1-7.1 4.84+0.98 3.2-6.9
SMAS
Thickness from skin to 9.72+1.87 6.3-12.9 10.56+1.99 6.8-14.7
bone
Filler group (n=8)
Thickness of skin 1.45+0.43 0.9-2.0 1.66+0.45 1.0-2.3
Thickness from subdermal  2.84+0.61 2.0-3.7 3.24+0.39 2.6-3.7
to subcutaneous
Thickness from skin to 4.48+1.11 3.1-6.5 4.85+0.56 4.3-5.8
SMAS
Thickness from skin to 9.8+2.39 7.1-13.1 11.76+1.89 8.4-14.7

bone

4.2.1.2 Soft tissue thickness at point B:

The layers that we can detect by High-Frequency Ultrasound at Point B: are

skin, Subcutaneous, and SMAS. The participant with no filler usage history had a mean

thickness of the skin on the right and left sides was found to be 2.05+0.33 mm and

2.03£0.31 mm, respectively. The mean thickness of the subcutaneous layer (from

subdermal to subcutaneous) on the right and left sides was 3.11+0.60 mm and

3.52+0.64 mm, respectively. The mean thickness of the SMAS layer (from the skin to
SMAS) on the right and left sides was 5.20+£0.65 mm and 5.63+0.81 mm, respectively.

The participant with filler usage history had a mean thickness of the skin on

the right and left sides was found to be 1.81+0.35 mm and 1.99+0.35 mm, respectively.
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The mean thickness of the subcutaneous layer (from subdermal to subcutaneous) on the
right and left sides was 3.24+£0.41 mm and 3.55+1.00 mm, respectively. The mean
thickness from the skin to SMAS on the right and left sides was 5.03+0.57 mm and
5.45£1.12 mm, respectively. The descriptive statistics of soft tissue thickness at point

B are shown in Table 4.3.

Table 4.3 Soft Tissue Thickness at Point B (Midpoint Between Points A and C)

Soft tissue thickness Right Left

(mm.) meantSD min-max meanzSD  min - max

No filler group (n=25)
Thickness of skin 2.05+0.33 1.5-2.8 2.03+0.31 1.1-25
Thickness from subdermal  3.11+0.60 2.1-4.2 3.52+0.64 2.4-5.2

to subcutaneous

Thickness from skin to 5.20+0.65 3.9-6.6 5.63+0.81 3.4-7.0
SMAS

Filler group (n=8)

Thickness of skin 1.81+0.35 1.4-2.4 1.99+0.35 1.4-2.8

Thickness from subdermal  3.24+0.41 2.7-3.9 3.55+1.00 2.7-5.8
to subcutaneous

Thickness from skin to 5.03+0.57 4.1-5.6 5.45+1.12 4.1-7.3
SMAS

4.2.1.3 Soft tissue thickness at point C:

The layers that we can determine are the same as point B which are skin,
subcutaneous, and SMAS. The participants with no filler usage history had a mean
thickness of the skin on the right and left sides were found to be 1.84+0.34 mm and
1.82+0.41 mm, respectively. The mean thickness from subdermal to subcutaneous on
the right and left sides was 3.03+0.67 mm and 3.48+0.73 mm, respectively. The mean
thickness of the SMAS layer (from the skin to SMAS) on the right and left sides was
4.92+0.83 mm and 5.04+1.24 mm, respectively.
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The participant with filler usage history had a mean thickness of the skin on
the right and left sides was found to be 1.63+0.33 mm and 1.71+0.27 mm, respectively.
The mean thickness of the subcutaneous layer (from subdermal to subcutaneous) on the
right and left sides was 3.43+1.08 mm and 3.93+1.21 mm, respectively. The mean
thickness of the SMAS layer (from the skin to SMAS) on the right and left sides was
4.95+1.30 mm and 5.54+1.18 mm, respectively. The descriptive statistics of soft tissue
thickness at point C (1-2 cm near the corner of the mouth) are shown in Table 4.4.
Display Bar graph and error bar showing soft tissue thickness at points A, B, and C on

the right and left side shown in Figure 4.5.

Table 4.4 Soft Tissue Thickness at Point C (1-2 cm Near the Corner of the Mouth)

Soft tissue thickness Right Left
(mm.) meanzSD min-max mean¥SD  min - max

No filler group (n=25)
Thickness of skin 1.84+0.34 1.2-2.4 1.82+0.41 1.2-2.8
Thickness from subdermal ~ 3.03+0.67 1.9-5.0 3.48+0.73 2.1-4.9
to subcutaneous
Thickness from skin to 4.92+0.83 3.5-6.6 5.04+1.24 0.7-7.1
SMAS
Filler group (n=8)
Thickness of skin 1.63+0.33 1.0-2.0 1.71+0.27 1.4-2.1
Thickness from subdermal  3.43+1.08 2.2-5.0 3.93+1.21 2.5-5.9
to subcutaneous
Thickness from skin to 4.95+1.30 3.3-6.8 5.54+1.18 3.7-6.9

SMAS
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Figure 4.5 Display Bar Graph and Error Bar Showing Soft Tissue Thickness at Points

A, B, and C on the Right and Left Side, Including a History of Filler
Injection

Figure 4.6 Anatomical Layer of the Right-Side Nasolabial Fold by High-Frequency

Ultrasound of Each Point A (RN1), B (RN2), and C (RN3), Indicates Layer
in the Pictures
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4.2.2 Depth and Position of the Nasolabial Vessel

Nasolabial vessels and Position

The facial artery splits off from the external carotid artery, course the inferior
border of the mandible, and curves upward to the lateral aspect at pre masseteric notch
beneath the platysma. Located within the buccal space, there exists a tortuously rising
structure with a diameter measuring roughly 2.14 mm (Isaac et al., 2023). The facial
artery follows its route in the nasolabial fold, where it divides into the inferior and
superior labial branches, and lateral nasal branch and forms anastomoses with the septa
and alar branches, the dorsal nasal branch. It ultimately concludes its course as the

angular artery (Figure 4.7).

____—— Supratrochlear a

ol —

—— Supraorbital a

' \
e ,/ — Dorsal nasal a.

Angular a

3

(
Ni( | 2 S ————————— Lateral nasal a.
(\‘\ . Superior labial a
24
. Inferior alar br.

3

™ Facial a.

Figure 4.7 The Course of the Facial Artery

The angular artery is a terminal branch of the facial artery. It ends at the medial
canthus region and branches to the medial side of the eyelid and the nose. This artery
sometimes branches from the ophthalmic artery rather than from the facial artery. The
angular artery courses between the space and the deep medial cheek fat compartment,

not directly on the periosteum (Figure 4.8).
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Figure 4.8 The Angular Artery and Piriform Fossa

4.2.2.1 Depth of the Nasolabial Artery

1. Depth of the Nasolabial artery (facial artery) in all subjects (n=33)

At Point A, the mean depth of the nasolabial vessel (the angular artery)
at point A on the right and left sides was found to be 5.84+2.37 mm and 6.42+2.22 mm,
respectively (Table 4.5).

At Point B, the mean depth of the Facial artery at point B on the right
and left sides was found to be 5.05+1.76 mm and 5.58+2.45 mm, respectively (Table
4.5).

At Point C, the mean depth of the Facial artery at point C on the right
and left sides was found to be 6.03+1.79 mm and 6.69+1.77 mm, respectively (Table
4.5). Display Bar graph and error bar showing the depth of the nasolabial vessel at
points A, B, and C on the right and left sides shown in Figure 4.9.

Table 4.5 Depth of the Nasolabial Vessel at Points A, B, and C

Depth of nasolabial vessel Right Left

(mm.) n meantSD  min - max n meantSD  min - max
Point A (Lateral of nose) 30 5.84+237  2.4-137 32 6.42+2.22 2-10.3
Point B (Midpoint between
points A and C)
Point C (1-2cm near the

25  5.05+1.76 2.8-9.5 23 5.58+2.45 25-114

32 6.03x1.79  15-11.2 33 6.69+1.77 2.2-9.7
corner of the mouth)
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Depth of the nasolabial vessel (mm.)

Point A Point B Point C

ERight OLeft

Figure 4.9 Display Bar Graph and Error Bar Showing the Depth of the Nasolabial
Vessel at Points A, B, and C on the Right and Left Sides

2. Depth of nasolabial artery (facial artery) in Filler and Non-filler

The participant with no filler usage history had a mean depth of the
nasolabial vessel at point A on the right and left sides was found to be 5.55+1.69 mm
and 6.08+2.24 mm, respectively. The mean depth of the nasolabial vessel at point B on
the right and left sides was found to be 5.02+1.84 mm and 5.37+2.41 mm, respectively.
The mean depth of the nasolabial vessel at point C on the right and left sides was found
to be 6.15+1.75 mm and 6.34+1.75 mm, respectively (Table 4.6).

The participant with filler usage history had a mean depth of the
nasolabial vessel at point A on the right and left sides found to be 6.63+£3.72 mm and
7.61+1.81 mm, respectively. The mean depth of the nasolabial vessel at point B on the
right and left sides was found to be 5.15+£1.66 mm and 6.17+2.71 mm, respectively.
The mean depth of the nasolabial vessel at point C on the right and left sides was found
to be 5.68+£1.99 mm and 7.79£1.43 mm, respectively (Table 4.6). Display Bar graph
and error bar showing the depth of the nasolabial vessel at points A, B, and C on the

right and left sides shown in Figure 4.10.
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Table 4.6 Depth of the Nasolabial Vessel

Depth of No filler group (n=25) Filler group (n=8)
nasolabial Right Left Right Left
vessel min - min - min - min -
n meanxSD n mean=SD n mean+SD n  meantSD
(mm.) max max max max

Point A 22 5.55%1.69 3.1-9.6 25  6.08+2.24 2.0-102 8 6.63%3.72 24-13.7 7  7.61%181 5.1-10.3
Point B 19  5.02+1.84 2.8-95 17 5.37+2.41 2.8-11.4 6 5.15+1.66 3-8.1 6  6.17£2.71 2.5-9.9
Point C 24 615175 3.3-112 25 6.34%1.75 2.2-9.6 8 5.68+1.99 1.5-7.6 8  7.79£1.43 5.8-9.7

Note Point A: lateral of the nose; Point B: midpoint between points A and C; Point C:

1-2cm near corner of the mouth.
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Figure 4.10 Display Bar Graph and Error Bar Showing the Depth of the Nasolabial
Vessel at Points A, B, and C on the Right and Left Side, Including a

History of Filler Injection
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Figure 4.11 The Depth of the Artery in mm on the Right Side of NLF from each Point
A, B, and C, FA; Facial Artery

4.2.2.2 Position of facial vessel

1. Position of vessel in all subjects (n=33)

The facial artery at position A (lateral of the nose) on the right side was
mainly found in the muscle layer at 34.0%, followed by the supra-periosteal layer at
30.0%, the subcutaneous layer at 24.0%, and the subdermal layer at 3.0%, respectively.
On the left side, mainly found were the muscle layer at 46.0% was mainly found,
followed by the supra-periosteal layer at 30.0%, the subcutaneous layer at 18.0%, and
the subdermal layer at 3.0%, respectively (Table 4.6).

The facial artery at position B (midpoint between points A and C) on the
right side was mainly found in the muscle layer and subcutaneous layer each at 35.5%,
and the subdermal layer at 3.0%, respectively. On the left side, mainly found were the
muscle layer at 34.0%, followed by the subcutaneous layer at 27.0%, and the subdermal

layer at 9.0%, respectively (Table 4.6).
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The facial artery at position C (1-2 cm near the corner of the mouth) on
the right side was mainly found in the muscle layer at 79.0%, followed by the
subcutaneous layer at 15.0%, and the subdermal layer at 3.0%, respectively. On the left
side, mainly found were the muscle layer at 91.0% (Figure 4.13b), followed by the
subcutaneous layer at 6.0%, and the subdermal layer at 3.0%, respectively (Table 4.6).

However, the facial artery was absent at position A on the right (Figure
4.13a) and left sides in 9.0% and 3.0% of subjects, respectively. It was absent at position
B on the right and left sides in 24.0% and 30.0% of subjects, respectively. Only 3.0%

of subjects were absent at position C on the right side (Table 4.6).

Table 4.7 Position of Facial Artery in All Subjects (N=33)

Position of facial artery (n=33) Right, n(%) Left, n(%)

Point A (Lateral of nose)

Subdermal layer 1(3.0) 1(3.0)

Subcutaneous layer 8 (24.0) 6 (18.0)

Muscle layer 11 (34.0) 15 (46.0)

Supra-periosteal layer 10 (30.0) 10 (30.0)

Absent artery 3(9.0) 1(3.0)
Point B (Midpoint between points A and C)

Subdermal layer 1(3.0) 3(9.0)

Subcutaneous layer 12 (35.5) 9 (27.0)

Muscle layer 12 (35.5) 11 (34.0)

Absent artery 8 (24.0) 10 (30.0)
Point C (1-2cm near corner of mouth)

Subdermal layer 1(3.0) 1(3.0)

Subcutaneous layer 5 (15.0) 2 (6.0)

Muscle layer 26 (79.0) 30 (91.0)

Absent artery 1(3.0) 0(0.0)
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Figure 4.12 Display Bar Graph and Error Bar Showing the Depth of the Nasolabial
Vessel at Points A, B, and C on the Right and Left Side
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Figure 4.13 No Angular Artery can be Detected in the Nasolabial Fold Area (Point A)
on the Right Side
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Mae Fah Luang BKK Hospital L8-18i
05/03/2024 14:21:41 Artery /

Dermis

Figure 4.14 Location of Facial Artery (FA) in a Muscular Layer on the Left Side NLF
(Point C; 1-2 cm Near Corner of the Mouth)

Mae Fah Luang BKK Hospital
14/03/2024 15:17:03

v
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Figure 4.15 Location of the Artery (FA) in the Supra-Periosteal Layer in Left Side
NLF (Point A)
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Mae Fah Luang BKK Hospital
14/03/2024 15:19:11

:SU bcutaneous

Figure 4.16 Location of Facial Artery in the Subdermal Layer of Left Side NLF (Point
B), FA,; Facial Artery

2. Position of vessel in filler injection (n=8) and no filler injection
(n=25)

However, if we divided the volunteer group into two: a filler injection
group and no filler injection group, the participant with no filler usage history had a
facial artery at position A (lateral of the nose) that was mainly found in the muscle layer
and supra-periosteal layer on the right side, each at 32.0%, and on the left side, it was
mainly found in the muscle layer at 40.0%. In contrast, the participant with filler usage
history had a facial artery at position A (lateral of the nose) that was mainly found in
the muscle layer on the right side at 37.5%, and on the left side, it was mainly found in
the muscle layer at 62.5%.

The participant with no filler usage history had a facial artery at position
B (midpoint between points A and C) that was mainly found in the muscle layer and
supra-periosteal layer on the right side, each at 36.0%, and on the left side, it was mainly
found in the subcutaneous layer at 32.0%. In contrast, the participant with filler usage
history had a facial artery at position B (midpoint between points A and C) that was
mainly found in the muscle layer and subcutaneous layer on the right side each at

37.5%, and on the left side, it was mainly found in the muscle layer at 50.0%.
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The participant with no filler usage history had a facial artery at position
C (1-2 cm near the corner of the mouth) that was mainly found in the muscle layer on
the right side at 80.0%, and on the left side, it was mainly found in the muscle layer at
88.0%. In contrast, the participant with filler usage history had a facial artery at position
C (1-2 cm near the corner of the mouth) that was mainly found in the muscle layer on
the right side at 75.0%, and on the left side, all of the participants found in the muscle
layer.

However, the facial artery was absent at position A on the right sides in
12.0% of no filler usage history subjects and on the left sides in 12.5% of filler usage
history subjects. It was absent at position B on the right and left sides in 24.0% and
32.0% of no filler usage history subjects and on the right and left sides each in 25.0%
of filler usage history subjects. Only 4.0% of no filler usage history subjects were absent
at position C on the right side. The descriptive statistics of the position of the facial
artery at points A, B, and C are shown in Table 4.8. Display Bar graph showing the
position of the facial artery at points A, B, and C on the right and left side, including a
history of filler injection is shown in Figure 4.17.

Table 4.8 Position of the Facial Artery

No filler group (n=25) Filler group (n=8)

Position of the facial artery i i
Right, n (%) Left,n (%) Right,n (%) Left, n (%)

Point A
Subdermal layer 0 (0.0 1(4.0) 1(12.5) 0(0.0)
Subcutaneous layer 6 (24.0) 6 (24.0) 2 (25.0) 0(0.0)
Muscle layer 8 (32.0) 10 (40.0) 3(37.5) 5 (62.5)
Supra-periosteal layer 8 (32.0) 8 (32.0) 2 (25.0) 2 (25.0)
Absent artery 3(12.0) 0 (0.0 0(0.0) 1(12.5)
Point B
Subdermal layer 1(4.0) 2(8.0) 0 (0.0) 1(12.5)
Subcutaneous layer 9 (36.0) 8 (32.0) 3(37.5) 1(12.5)
Muscle layer 9 (36.0) 7 (28.0) 3(37.5) 4 (50.0)

Absent artery 6 (24.0) 8 (32.0) 2 (25.0) 2 (25.0)
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Table 4.8 (continued)

No filler group (n=25) Filler group (n=8)

Position of the facial artery i i
Right, n (%) Left,n (%) Right,n (%) Left, n (%)

Point C
Subdermal layer 1(4.0) 1(4.0) 1(12.5) 0 (0.0)
Subcutaneous layer 3(12.0) 2(8.0) 1(12.5) 0 (0.0)
Muscle layer 20 (80.0) 22 (88.0) 6 (75.0) 8 (100.0)
Absent artery 1(4.0) 0(0.0) 0(0.0) 0(0.0)

Note Point A: lateral of the nose; Point B: midpoint between points A and C; Point C:

1-2cm near corner of the mouth
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Figure 4.17 Display Bar Graph Showing the Position of the Facial Artery at Points A,
B, and C on the Right and Left Side, Including a History of Filler Injection



CHAPTER 5

DISCUSSION AND CONCLUSION

5.1 Discussion

The Nasolabial fold region is a very vulnerable area in the face, which can cause
people to appear old and unapproachable. As people get older, the nasolabial folds can occur
and can lead to further aggravation of depression, so correction is recommended. The
nasolabial region consists of bone, muscle, fat, and skin. The facial bone offers stability and
framework for the attachment of surrounding soft tissue. As we age, the bones shrink and
remodel, which causes soft tissue that lies on the top to recede and change the position. The
malar fat pad may descend from loss of support of bone and the weakening of the orbital and
malar ligament. Moreover, the repetitive contraction of muscles and changing muscle tone
led to a deepening of the folds.

However, nasolabial filler injection carries a high risk due to the complex structure
and vessel anastomosis in the area. It is important to have a thorough understanding of the
distribution and properties of the soft tissue at each layer in the nasolabial region, especially
in terms of depth. While cadaver anatomy helps demonstrate the intricacies of the tissue, it is
not precise in estimating tissue depth. To accomplish this, we can use ultrasonic exploration.
The layers of the nasolabial fold that we can identify by high-frequency ultrasound are dermal
thickness, subcutaneous, SMAS, and bone.

Measurement at points A to C in the no filler injection group showed that the
thickness of each layer from the left and right sides was not much different. At point A, the
skin thickness on both sides was 1.82+0.40 mm and 1.95+0.32 mm and the subcutaneous
thickness was 3.08+0.84 mm and 2.93+0.79 mm. The SMAS thickness from the skin surface
were 4.98+1.07 mm and 4.84+0.98 mm, and the bone were 9.72+1.87 mm and 10.56+1.99
mm. At point B, the skin thickness was 2.05+0.33 mm and 2.03+0.31 mm, the subcutaneous
layer was 3.11+0.60 mm and 3.52+0.64 mm, the SMAS was 5.20£0.65 mm and 5.63+0.81



61

mm right and left respectively. At point C, the skin thickness was 1.84+0.34 mm and
1.82+0.41 mm, the subcutaneous was 3.03+0.67 mm and 3.48+0.73 mm, the SMAS was
4.92+0.83 mm and 5.04+1.24 mm right and left respectively. Current research by Salvia et
al., 2023, about Ultra-High-Frequency Ultrasound as an Innovative Imaging Evaluation of
Hyaluronic Acid Filler in Nasolabial Fold Region, Italy. He measured the dermal thickness
of the nasolabial region at the baseline was 2.04 mm (x0.09 mm) and 2.05 mm (0.1 mm)
for right and left respectively. By comparing our study with this study, the skin thickness in
our study non-filler group was not very much different from the skin thickness at baseline
measured by Salvia et al. (2023).

In addition, the measurement at points A to C in the filler injection group (n=8)
showed that the thickness of each layer from the right and left side of point A: the skin
thickness was 1.45+0.43 mm and 1.66+0.45 mm, the subcutaneous was 2.84+0.61 mm and
3.24+0.39 mm, the SMAS was 4.48+1.11 mm and 4.85+0.56 mm, the bone was 9.8+2.39
mm and 11.76+1.89 mm. At Point B of the filler group, the skin thickness was 1.81+0.35
mm and 1.99£0.35 mm, the subcutaneous was 3.24+0.41 mm and 3.55+1.00 mm, and the
SMAS was 5.03£0.57 mm and 5.45+1.12 mm. At Point C, the skin thickness was 1.63+0.33
mm and 1.71+0.27 mm, the subcutaneous was 3.43+1.08 mm and 3.93+1.21 mm and the
SMAS was 4.95+1.30 mm and 5.54+1.18 mm right and left respectively. The mean of dermal
thickness after filler injection by Salvia et al., 2023 was 2.28 mm (x15mm) on the right and
2.27 mm (£0.15 mm ) on the left, and the dermal thickness 24 weeks after filler injection was
2.19mm (£0.14 mm) on both sides. If we compare these two studies, the dermal thickness
after immediate filler injection by Salvia et al., 2023 was thicker than the filler injection group
(n=8) of our study. If we compare the dermal thickness in the filler group (n=8) with the
dermal thickness 24 weeks after filler injection by Salvia, there was not much difference.
Moreover, if we compare the filler injection group (n=8) and no filler group (n=25), the skin
thickness in the non-filler group is slightly thicker than the filler group. However, the BMI,
the age, the duration of the filler injection, and the types of filler may affect the measurement.

Blood vessels represent the primary risk while receiving filler injections. Non-
ischemic complications and ischemic complications such as arterial occlusion, followed by
ischemia, with the necrosis of skin or vision loss, were associated with the injection of dermal
filler in the nasolabial region. Lee et al. (2020), used DUS to visualize the artery anatomy
position of the nasolabial fold in 80 cases of the same Korean background: detect the artery
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present in the subdermal layer 13%, the subcutaneous layer 29%, the muscle layer 24%, and
submuscular layer 4%, also 31% located lateral to nasolabial fold. In this investigation, we
detected variances in artery position at each point A-C in the same Thai population (n=33).
In point A, the depth of the angular artery was 5.84+2.37 mm and 6.42+2.22 mm, right and
left respectively. We found the variation position of the angular artery in the subdermal layer
3% both right and left, the subcutaneous layer 24% and 18%, the muscular layer 34% and
46%, the supra-periosteal layer 30%, and the absent 9% and 3% in right and left respectively.
At point B, the depth of the facial artery was 5.05+1.76 mm and 5.58+2.45 mm right and left.
The position of the artery in the subdermal layer was 3% and 9%, the subcutaneous layer
35.5% and 27%, the muscular layer 35.5% and 34%, and the absent 24% and 30% left and
right side respectively. At point C, the depth of the artery was 6.03+1.79 mm and 6.69+1.77
mm right and left. The position of the artery in the subdermal layer was 3% on both sides,
the subcutaneous layer was 15% and 6%, the muscular layer was 79% and 91% on the right
and left respectively, and the absent artery was 3% on the right side of the nasolabial fold.
The absence of the artery means the artery could not be detected near the nasolabial lines or
on the line. However, especially point B, we confirm by moving the probe to the lateral and
medial side and we count the presence of the artery only on the line of the nasolabial folds.
Over several decades, there has been constant improvement and expansion in the use
of ultrasound for medical diagnosis. High-frequency ultrasound enables the real-time
detection of tissue motion and blood vessel dynamics. Lately, numerous studies have
recommended the use of Ultrasound for detecting the facial artery and the use of guided filler
injection or lipo-filling. In our study, we concentrated on the real-time analysis of the position
and depth of the facial artery and soft tissue structures. Unfortunately, we could not
distinguish every anatomical layer of the nasolabial folds, particularly the separation of the
muscle layer from the SMAS layer. Additionally, the depth of vessels below the skin, as
measured by ultrasound, could vary if excessive pressure was applied with the probe.
Furthermore, the relationship between the nasolabial folds and the anatomic layers, depth,
and position of the artery was the main emphasis of this investigation rather than the course.
This study has some limitations. First, high-frequency ultrasound requires a
significant learning curve, making it less accessible to practitioners without specialized
training. Second, high-frequency ultrasound is limited in its ability to distinguish every layer
within the nasolabial folds. Future research should aim to delineate the specific arrangement
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of facial soft tissue layers, particularly in the nasolabial fold region. Additionally, studies
should investigate the pathway of the facial artery to develop definitive protocols for the use

of ultrasound in visualizing facial soft tissue structures.

5.2 Conclusions

Ultrasound has been widely used in dermatology due to its advantages of non-
invasiveness and real-time imaging. High-frequency ultrasound can visualize facial soft
tissue and measure the thickness of the nasolabial fold from the skin to the bone. Additionally,
its power Doppler mode can identify the facial artery at each mapped point. Identifying
anatomical layers and blood vessels is essential for safe filler treatments and lipo-filling in

nasolabial correction.
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APPENDIX C

CASE RECORD FORM

PatientID: ........................ Number of visit ................... Date:...oooeveenann....

PATIENT ASSESSMENT FORM

1. Wrinkle severity rate score (WSRS)

Nasolabial severity
Score Left Right
1
2
3
4
5
Mean

2. Anatomical position of the Facial Artery in the Nasolabial areas:
A. Subdermal layer

Subcutaneous layer

Intramuscular layer

Supra-periosteal layer

Absent

mo o

3. The depth of the Facial artery nasolabial folds (mm):
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4. The thickness of Nasolabial structures (mm):

Nasolabial fold Left nasolabial fold Right nasolabial fold

Skin

Subcutaneous layer

Muscle

5. Filler types (for subjects who have received filler )

Filler types of findings Left NLF Right NLF

1. Hyaluronic acid filler
(HA)

2. Polycaprolactone

3. polymethylmethacrylate

4. Calcium Hydroxyapatite

5. Others

Describe findings:

DO NOT PUBLISH INFORMATION




General information (only official)

N o gk~ w DhpoE

RESEARCH PROFILE (CONFIDENTIAL)

Date:
Name:

Tel:

Occupation:

[] Government officer
[ ] Employer

] Housewife

[ Student

[1 Employee

] Others (specify)

82
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10. Types of filler injections (for received filler):
CaHa (Calcium Hydroxyapatite)
Hyaluronic acid filler

PMMA

Polycaprolactone

Others

oodogo

(SPECIEY ) ettt e

11. Duration of filler injection:
11 year
[ 1 2vyears
] 3 years
] Other

12. Any complications:
[ History of vascular occlusion
] Palpable lump/nodule
[] Erythema
L] Bruisisng
] Ulcer
] Other

13. History of following treatments before study
L] Threat lift

[] Radiofrequency
[] HIFU Treatment
L] Fat grafting
[]

Other treatments(specify)



14. Medical History
] History of malignancy or pre-malignancy

] Chemo-radiotherapy
] Other (specify)

15. Gynaecological history (if female)
] Pregnancy (if married)
[] Breastfeeding
] Non
16. Personal history
1 Alcohol
] Smoking
] Drug abuse
] Non

84



85

APPENDIX D

Version 2.0_ Date 29Jan2024

Wasvainsg

4

Haula

U5 INNTIDY

'‘MsANENMEINAMans usnuseaniuINmI

addaniialuermming Ino"

e 3 o

AUANIAGINITINTY

®  91y25-501)

® AN aNde

e iiseauiy

o uiaameisowunio hinsiailaod
Foaufy

o himgl&sumssnubuisnusewdinn
ouumaignae i fosluu vie
raauinaluwinniou

o oimamininanua 33au

Y

A - /
n30a8an%1 )

POSTER

lufianlgnelag

g ¥ Y a
ATIVDAAITIFIIAATUAYD

(W2 |

#
s

oY
| ¢4
T
o anlszmadifionumeininvessoaudulunu
Iny

o o ¢ 2oa
o puazlasunsasndanianidiivansuduna
AR VDTN

#ane Dr.Sorachana Thea
Tnsdnni 092 754 2142
Line: theasorachana32

Email: theasorachana@gmail.com
Ajarn Sirintip Chaichalotornkul

Tnsemn 086 517 2017

Email: sirintip.mfu@gmail.com
Tsamomnauminnasinihiman,

ElIﬂﬂ, NPNANUNIUNT




APPENDIX E

TABLES

Table E1 Demographic Data

Case No.  age gender history of filler ~ WSRS right WSRS left

T1 28 F No 2 2
T2 28 F No 2 2
T3 28 F No 2 2
T4 33 F Yes 3 3
T5 39 F Yes 3 3
T6 29 F No 2 2
T7 40 M No 3 3
T8 25 F No 1 1
T9 25 F No 2 2
T10 42 F Yes 2 2
T11 29 F No 1 1
T12 36 M No 2 2
T13 46 F Yes 5 5
T14 39 E No 3 3
T15 39 M No 3 3
T16 35 M Yes 2 2
T17 34 M No 3 3
T18 25 F No 2 2
T19 43 F Yes 3 3
T20 41 F No 3 3
T21 42 F No 4 4
T22 30 F No 2 2




Table E1 (continued)
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Case No.  age gender history of filler ~ WSRS right WSRS left
T23 28 F No 3 3
T24 30 F No 3 3
T25 33 F No 3 3
T26 41 F No 3 3
T27 44 M No 4 4
T28 30 M Yes 3 3
T29 33 F Yes 3 3
T30 25 F No 2 2
T31 39 F No 3 3
T32 29 F No 3 3
T33 27 F No 2 2

Table E2 Soft Tissues ‘Thickness in mm Between Filler and No Filler Injection on
the Right NLF

Case No.

D1

D2

D3

D4

Filler

Soft tissues’ thickness of right nasolabial fold (A; lateral to the nose)

T1
T2
T3
T4
TS5
T6
T7
T8
T9
T10
T11

N
1.8
1
1.6
24
1.9
2.6
1.9
1.5
1.5
1.9

3.6
3.5
2.2
3.7
4.8
3.4
3.3
3.7
1.6
2
2.8

5.3
5.5
3.6
6.5
6.9
5.4
6.2
5.9
3.3
3.7
4.4

10.2
11.3
8.5
13.1
12.4
8.2
10.9
11.6
6.3
8.3
11.2

No
No
No
Yes
Yes
No
No
No
No
Yes
No




Table E2 (continued)
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Case No.

D1

D2

D3

D4

Filler

Soft tissues’ thickness of right nasolabial fold (A; lateral to the nose)

T12
T13
T14
T15
T16
T17
T18
T19
T20
T21
T22
T23
T24
T25
T26
T27
T28
T29
T30
T31
T32
T33

1.5
1.1
1.9
2.2
1.8
1.9
1.7
0.9
2
1.6
2.6
1.8
1.9
1.8
1.9
1.4
2
0.9
1.2
1.8
1.1
2

2
24
3.2

4
2.8
2.4
5.1
2.2
3.6
2.4
3.3
3.3
2.6
2.9

3
2.9
2.9
N
2.8
2.3

2
3.9

3.7
3.6
5.1
6.1
4.5
4.2
7.1
3.1
5.6
4.2
6.2
5.1
4.6
5.1
5
4.4
4.8
4.1
4
4.6
3.1
55

6.6
7.4
10.2
9.7
10.1
8.4
12.9
7.1
10.9
6.5
10.9
10.8
8.9
8.9
11
10
12.8
8.3
10.6
8.5
7
12

No
Yes
No
No
Yes
No
No
Yes
No
No
No
No
No
No
No
No
Yes
Yes
No
No
No
No
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Table E3 Soft Tissues ‘Thickness Between Filler and No Filler Injection on the Left

NLF
Case No. D1 D2 D3 D4 Filler
Soft tissues’ thickness left nasolabial fold (A; lateral to the nose)
T1 1.7 2.5 3.9 8.8 No
T2 1.5 2.8 4.3 8.4 No
T3 1.7 2.5 4.3 111 No
T4 2.3 3.5 5.8 121 Yes
T5 2.5 4 6.5 9.3 Yes
T6 1.8 3.1 4.8 10.4 No
T7 2.3 2.3 4.6 9.9 No
T8 24 3.1 5.5 11.7 No
T9 1.5 1.7 3.2 6.8 No
T10 2.1 3.6 5.6 14.7 Yes
T11 1.9 3.6 5.3 14.7 No
T12 1.9 1.9 3.9 8.3 No
T13 1.6 3.1 4.6 11.2 Yes
T14 1.9 3.8 5.6 9.8 No
T15 2 3.3 5.2 10.9 No
T16 2 2.6 4.5 11.3 Yes
T17 1.9 24 4.2 8.6 No
T18 1.4 2.4 3.6 13.1 No
T19 1.2 3.7 4.9 12.3 Yes
T20 2.5 4.1 6.7 131 No
T21 1.5 2 3.4 8.1 No
T22 2.3 2.3 4.6 9.9 No
T23 1.8 3.3 5 8.9 No
T24 2.3 2.6 5.3 12.6 No
T25 2.2 2.2 4.6 9.7 No

T26 2.1 4.1 6 12.9 No




Table E3 (continued)
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Case No.

D1

D2

D3

D4

Filler

Soft tissues’ thickness left nasolabial fold (A; lateral to the nose)

T27 2.2 4.8 6.9 13.1 No
T28 1.6 34 4.7 135 Yes
T29 1 3.2 4.4 10.6 Yes
T30 1.7 3 4.7 11.3 No
T31 1.9 2.5 4.2 12.1 No
T32 1.8 2.8 4.4 8.1 No
T33 1.6 2.9 4.6 10.9 No
Table E4 Soft Tissue Thickness Between Filer and No Filler in Mm
Case Right Right Right Left Left Left  History
No. D1.mm D2.mm D3.mm D1 D2 D3 of filler
Soft tissues’ thickness of right and left nasolabial fold (B, mid-point)
T1 18 3.6 5.7 11 2.4 34 No
T2 2.1 3.5 5.4 2.1 2P 4.1 No
T3 1.5 SR 5.4 1.9 3.5 5.8 No
T4 1.6 3.6 5.2 1.9 4 6.4 Yes
T5 2.8 3.9 6.6 2.2 2.7 51 Yes
T6 2.3 2.7 4.9 2.1 3.9 6.1 No
T7 2.5 2.5 5 2.5 3.3 5.8 No
T8 1.7 3.3 5 1.7 3.4 5.3 No
T9 2.2 3.8 6.1 1.7 2.7 4.5 No
T10 1.8 3.1 5.1 1.8 3.2 51 Yes
T11 2.1 3 5 2.4 2.9 5.6 No
T12 2.1 3.2 5.3 1.9 3.3 5.4 No
T13 14 2.7 4.1 15 3.2 4.8 Yes
T14 2.3 2.4 4.6 2.1 4.3 6.5 No
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Table E4 (continued)

Case Right Right Right Left Left Left  History
No. D1.mm D2.mm D3.mm D1 D2 D3 of filler

Soft tissues’ thickness of right and left nasolabial fold (B, mid-point)

T15 2.4 4 6.2 2 4.1 6.2 No
T16 2.4 3.1 9.5 2.8 3.5 6.2 Yes
T17 2.3 3.6 5.8 2.5 3.1 5.6 No
T18 2 3.3 5.2 1.8 4.4 6.8 No
T19 2 3.2 5.1 1.9 5.8 7.3 Yes
T20 1.7 3.1 4.8 2.2 2.9 4.6 No
T21 1.5 2.3 3.9 1.7 5.2 7 No
T22 2.5 2.5 ) 2.5 3.3 5 No
T23 2.1 A 4 5.5 2.3 3.6 6.3 No
T24 2 2.1 4.7 2.2 4.6 6.8 No
T25 1.8 4.2 6.2 2.1 3.5 6 No
T26 1.7 3.2 4.6 2.1 3.4 5.4 No
T27 2.3 2.5 4.7 2.1 3.9 6.3 No
T28 1.8 3.9 5.6 2.2 3.3 5.5 Yes
T29 14 2.8 4.2 1.7 2.7 4.2 Yes
T30 1.6 3.2 4.9 17 3-8 5.5 No
T31 2 2.8 4.8 2 3.1 5.3 No
T32 2 3.8 5.8 2 3.5 5.4 No

T33 2 2.2 4.3 2 3.4 5.1 No




Table E5 Soft Tissues Thickness Between Filler and No Filler in Mm
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Right Right Right Left Left Left  History
Case No.
D1 D2 D3 D1 D2 D3 of filler
Soft tissues’ thickness of right and left nasolabial fold
(C, 1-2cm near corner of mouth)
Tl 1.8 2.6 4 1.9 2.4 4.1 No
T2 1.8 3.5 4.7 1.8 35 5.2 No
T3 1.5 2.7 4.2 1.9 3.3 54 No
T4 1.8 5 6.8 2.1 5 6.9 Yes
T5 2.1 3.5 59 2.3 4.1 6.2 Yes
T6 2.1 3.8 5.8 2 3.2 5 No
T7 2.3 35 5.7 2.8 3.9 6.3 No
T8 1.4 3 4.4 1.4 2.8 4 No
T9 1.5 5 6.6 1.4 4 5.6 No
T10 1.4 3.9 53 1.4 2.5 3.7 Yes
T11 2.2 2.4 4.7 1.7 2.9 4.6 No
T12 1.4 2.5 4.8 1.5 2.1 3.4 No
T13 1 2.2 3.3 1.6 4.3 5.7 Yes
T14 1.6 2.6 4.3 1.9 2.7 4.6 No
T15 2.1 3.9 5.8 1.6 3.1 4.6 No
T16 2 3.1 51 2 2.5 4.4 Yes
T17 2.2 2.2 4.2 2.1 2.5 4.8 No
T18 1.6 23 3.6 1.3 4.1 53 No
T19 1.4 2.2 3.4 1.5 59 6.9 Yes
T20 1.6 2.4 4 1.4 3.7 53 No
T21 1.5 1.9 3.5 1.6 4.2 5.7 No
T22 2.3 3.5 5.7 2.8 3.9 6.3 No
T23 2.2 2.6 4.7 1.6 2.9 4.8 No
T24 1.9 3.2 55 2.2 4.9 7.1 No
T25 1.9 3.1 5.2 2 3.8 5.8 No
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Right Right Right Left Left Left  History
Case No.
D1 D2 D3 D1 D2 D3 of filler
Soft tissues’ thickness of right and left nasolabial fold
(C, 1-2cm near corner of mouth)
T26 1.7 3.2 4.6 1.5 4.6 6.3 No
T27 2.4 3.6 6.3 2 2.9 4.7 No
T28 1.9 4.8 6.6 1.9 4.5 6.5 Yes
T29 1.7 2.7 4.4 1.4 3.2 5 Yes
T30 1.2 3.2 4.7 1.2 3.5 4.8 No
T31 1.9 3.1 5 1.8 3.7 55 No
T32 1.8 3.2 51 1.8 3.4 5.2 No
T33 1.7 2.7 4.6 4 4.5 0.65 No

Table E5 Depth of Facial Artery in Filler and No Filler Both Left and Right Side

Case No. RN1 RN2 RN3 LN1 LN2 LN3  History of filler
T1 7.1 6.1 7.2 4.6 5.7 4.8 No
T2 8.5 54 1.5 5.1 4.7 8.7 No
T3 4.8 54 5.6 9.5 9 6.3 No
T4 4.7 4.8 7.6 8.5 4.6 9.7 Yes
T5 4.4 0 3.3 4 4.4 9.6 Yes
T6 5.9 5.1 8.5 4.7 5.1 8.3 No
T7 6 6.5 6.9 4.8 4.8 7.4 No
T8 0 0 0 5 4 7.1 No
T9 4.4 3.7 6.2 4 7.8 7.9 No
T10 2.4 0 4.8 0 0 6.2 Yes
T11 5.6 5.2 6.3 35 4.9 5.8 No
T12 3.5 3.5 4.3 3.7 0 4.2 No
T13 6.4 8.1 5.3 10.3 7.2 9.1 Yes
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Case No. RN1 RNZ2 RN3 LN1 LN2 LN3  History of filler
T14 4.6 4.9 6 6.4 0 6.4 No
T15 6.1 0 9 10.2 0 8.2 No
T16 9.3 3 6.5 8.8 8.1 5.8 Yes
T17 0 0 7.2 2 0 7.3 No
T18 9.6 9.5 11.2 5.3 51 5.8 No
T19 4.6 4.7 7 7.9 9.9 8.5 Yes
T20 6.9 4.3 5.1 9.1 3.3 2.2 No
T21 3.1 2.8 5.3 5.9 11.4 3.2 No
T22 3.5 2.8 4.2 8.7 3.7 6.5 No
T23 5.8 0 6.3 7.4 0 6.1 No
T24 5.6 5.8 3.8 8.5 2.8 7.2 No
T25 6.1 5.3 7.5 6.3 4.3 5 No
T26 4.4 0 6.5 35 0 9.6 No
T27 0 4 5.7 5.7 3 5.3 No
T28 13.7 0 7.4 5.8 0 7.5 Yes
T29 3.4 4.9 5.3 6.9 2.5 6.8 Yes
T30 7.7 3.2 4.8 4.9 3.5 53 No
T31 4.2 8.9 5.4 8.9 8.5 5.8 No
T32 4.2 4.9 5.2 7 0 7.1 No
T33 8.7 34 6 8.4 0 6.2 No

Note RN1: Right nasolabial point A, RN2; Right nasolabial point B, RN3: Right
nasolabial point C,
LN1: Left nasolabial point A, LN2: left nasolabial point B, LN3 : left nasolabial

point C
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Table E6 Position of Facial Artery Filler and No Filler on Both Left and Right
Nasolabial Fold

Case No. RN1 RN2 RN3 LN1 LN2 LN3  History of filler

Tl SP IM IM IM IM IM No
T2 IM IM SD IM IM IM No
T3 SP IM IM IM IM IM No
T4 SC SC IM SP SC IM Yes
TS5 SC . SC SC SC IM Yes
T6 SP IM IM IM IM IM No
T7 IM IM M SC SC IM No
T8 . . . SC SC IM No
T9 IM SC IM IM IM IM No
T10 SD . SC . . IM Yes
T11 IM IM IM SC SC IM No
T12 SC SC IM SC . IM No
T13 IM IM IM SP IM IM Yes
T14 SC IM IM IM . IM No
T15 SP . IM SP . IM No
T16 SP SC IM IM IM IM Yes
T17 . ) IM SD . IM No
T18 IM IM IM IM IM IM No
T19 IM SC IM IM IM IM Yes
T20 SP SC IM IM SC SD No
T21 SC SC IM SP IM SC No
T22 SC SD SC IM SC IM No
T23 IM . IM IM . IM No
T24 IM IM SC SP SD IM No
T25 SP SC IM SP SC SC No
T26 SC . IM SC . IM No

T27 . SC SC SP SD IM No
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Table E6 (continued)

Case No. RN1 RN2 RN3 LN1 LN2 LN3  History of filler

T28 SP . IM IM . IM Yes
T29 SC IM IM IM SD IM Yes
T30 SP SC IM IM SC IM No
T31 IM IM IM SP IM IM No
T32 IM SC IM SP . IM No
T33 SP SC IM SP . IM No

Note SP;supra-periosteal layer, IM; Intramuscular layer, SC; subcutaneous layer, SD;

Subdermal layer , ¢ . “‘mean absent artery



APPENDIX F

ULTRASOUND MACHINE

Figure F1 High-frequency Ultrasound Machine (Venue GE Healthcare, US)
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