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ABSTRACT   

 

Anatomical Validity and Reliability  

of a Structured-light 3D Scanner and Ultrasonographic Imaging 

Systems for Analyses of the Soft Tissues 

of the infraorbital region 

Alonso Andrés Hormazábal Peralta 

Department of Applied Life Sciences 
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(Directed by Professor Hee-Jin Kim, D.D.S., Ph.D.) 

 

 

The acquisition of data of the patient´s face is a crucial step to diagnose, 

evaluate, and planning procedures. To achieve the best outcomes, accurate and 

precise information about the skin, subcutaneous tissue, and muscles must be 

obtained in a fast and reliable manner, avoiding possible non-desired outcomes. 

Imaging techniques as ultrasonographic analyses can be used to assess the 

characteristics and actual relations of the soft tissues on the patient’s face in a fast 

manner. However, to date, the most reliable data has been obtained from cadaveric 
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dissections and studied with, for example, 3D reconstruction scanning. Therefore, 

the present research aims to compare the validity and reliability of the 3D scanning 

and ultrasonographic imaging systems for the assessment of the soft tissues in the 

infraorbital region.  

Eight facial landmarks (P1 – P8) were marked on the faces of the 

volunteers. Ultrasonographic facial scans of 88 Korean volunteers (49 males and 

39 females; age range 19–36 years) were analyzed. The thickness of the skin and 

subcutaneous tissue, and the depths of the muscular components were measured 

using an image analysis program. 3D scanning images of 38 Korean cadavers (22 

males and 16 females; age range 51 - 94 years old at the moment of dead) were 

analyzed. The images were scanned in 3 steps: undissected face, hemiface after 

skinning, and revealing the facial muscles. After the images were obtained, and 

the landmarks were carefully place and aligned, the images of both halves of the 

face were superimposed using the Morpheus Plastic Solution 3.0 software. 

Descriptive analyses were performed using mean ± standard-deviation values. The 

student’s t-test was used to identify significant differences. Box plots were used to 

represent the deviation and variability of the data.  

Significant differences between sexes by ultrasonographic imaging were 

found for the skin and subcutaneous tissue thicknesses, and for the depths of 

orbicularis oculi, levator labii superioris alaeque nasi, and zygomaticus minor 

muscle. For the 3D scanning system differences were found for the subcutaneous 
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tissue thickness, and on the depth of orbicularis oculi and zygomaticus minor. 

When comparing the two methods significant statistically differences were found 

for the skin and subcutaneous tissue thicknesses, also for the depths of the 

orbicularis oculi, levator labii superioris alaeque nasii and levator labii superioris. A 

clear tendency of the measurements to represent a thicker skin and subcutaneous 

tissue or deeper located structure was detected in the 3D scanning when 

comparing with the ultrasonographic imaging. Also, a higher standard deviation 

and dispersion of the data was found on the 3D scanning, in the ultrasonographic 

imaging the data presented less variation, therefore, a higher level of agreement 

and reliability. Hence, the ultrasonographic imaging could be considered as one of 

the most safety ways to obtain information from the patients due to its high 

reliability and accurate visualization of the structures of the infraorbital region. The 

ultrasonography is not widely used on the cosmetic field yet, but it is highly 

recommended for minimally invasive procedures, in order to avoid undesired 

outcomes due to its reproducibility, accurate results and in real-time results. 

Keywords: Infraorbital region, Skin, Subcutaneous tissue, Orbicularis oculi, 

Levator labii superioris alaeque nasi, levator labii superioris, zygomaticus minor, 

Ultrasonography, 3D Scanning 

 

*The author of this thesis is a Global Korea Scholarship scholar sponsored by the 

Korean Government. 
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I. INTRODUCTION 

 

The face is the most important structure related to beauty and it is highly 

associated to interpersonal relationships and self-stem (Ö zsoy et al., 2019). Even 

though the beauty of the face it is determined by socio-cultural aspects as the race, 

ethnic, age, among others (Farolch-Prats et al., 2019), there is a common point: 

the youthful appearance. 
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However, the facial-aging related phenomena can be clearly seen as times 

passes. An important portion of the face is the infraorbital region, where several 

signs of aging could appear, and so on several procedures to avoid the facial aging 

effects or to improve the appearance are performed in this area.  

 

1.    Characteristics of the face 

 

1.1. Structural layers of the face 

 

The facial component structures are arranged into by 5 layers: 1. Skin, 2. 

Subcutaneous layer (Fatty layer), 3. Facial muscles and Superficial Musculo-

Aponeurotic System (SMAS), 4. Retaining ligaments and spaces, and 5. 

Periosteum and deep fascia.  

 

(1) Skin 

The skin of the face moves freely over the subcutaneous tissue layer, 

excepting on the nose and auricle where it is supported by cartilages. The skin of 

the face it is known to be thin and elastic but with time starts to lose some 

hyaluronic acid becoming inelastic, dry, and wrinkly. Those phenomena help to the 

occurrence of wrinkles and furrows (Kim et al., 2015). 
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(2) Subcutaneous Tissue 

The subcutaneous tissue is mainly a fatty layer that covers the facial 

muscles. It can be divided into several virtual compartments by fibrous septa 

(Cotofana et al., 2015) that cannot be easily recognized to the naked eye. One of 

the characteristics of this tissue is that it smooths the contours of the facial muscles 

and, at the same time, of the face. The fat component is unevenly distributed on 

the face, being thicker on the perioral and malar region and almost nonexistent in 

the infraorbital region (Cotofana et al., 2015). The subcutaneous tissue is highly 

affected with aging, the superficial fat pads start to drop due to gravity changing 

the aspect of the face making it looks older (Kim et al., 2015).  

 

(3) Facial Muscles and SMAS 

The facial muscles, also known as craniofacial muscles or muscles of facial 

expression, are innervated by branches of the facial nerve and they are mainly 

related to the orbital margins and eyelids, external nose and nostrils, the lips, 

cheeks, auricle, scalp and cervical skin. They have a different embryonic origin, 

and they are innervated by different nerves compared to the masticatory muscles 

(Standring, 2008). The facial muscles exhibit an important difference when 

comparing to other muscle groups, they do not have a membranous fascia 

covering them, in fact, the facial muscles have their origins in the facial bone and 

are directly attached to the skin in most cases, yielding to the formation of the 
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diverse facial expressions such as happiness, joy, fear, sadness, among others. 

There are some authors who believe that this is a secondary function of this muscle 

group and their original function could be the sphincter and dilator action (Hur et 

al., 2010; Standring, 2008). For this thesis, only the facial muscles which are in the 

infraorbital region will be explained and considered for the analysis. The following 

descriptions are taken from the gray anatomy (Standring, 2008) with some 

modifications (Fig. 1). 

 

① Periorbital and palpebral muscle group 

A. Orbicularis oculi muscle 

Orbital part 

Origin:   Nasal component of the frontal bone, the frontal process of the maxilla 

and from the medial palpebral ligament. 

Insertion: The fibers blend with the frontalis muscle and the corrugator supercilii 

muscle. Also, most of the fibers are inserted into the skin and 

subcutaneous tissue of the eyebrow. In its lower aspect it is overlapped 

with other muscles.  

Palpebral part  

Origin:   Medial palpebral ligament and from the bone adjacent to the ligament. 
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Insertion: Eyelids anterior to the orbital septum forming the lateral palpebral raphe. 

Some of the fibers also form the ciliary bundle. 

Lacrimal portion  

Origin:   Upper part of the lacrimal crest and the immediately adjacent lacrimal 

bone.  

Insertion: Fascia associated to the lacrimal sac, tarsi close to the lacrimal 

canaliculus, and lateral palpebral raphe. 

Vascular supply: Branches of the facial, superficial temporal, and ophthalmic 

arteries.  

Action:   Sphincter of the eyelids, facial expression, and ocular reflexes (related 

to the light exposure). 

 

② Buccolabial group of muscles (Upper lips elevators, retractors and 

evertors) 

A. Levator labii superioris alaeque nasi muscle 

Origin:   Upper part of the frontal process of the maxilla.  

Insertion:   

Medial Slip: Greater cartilage of the nose and the skin over it 
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Lateral Slip: Lateral part of the upper lip blending with the levator labii superioris 

and the orbicularis oculi muscles.  

Superficial layer: It inserts between the levator anguli oris and the orbicularis oris 

muscles (Hur et al., 2010). Also, inserting into the floor of the dermis and 

the upper part of the nasolabial furrow and ridge.  

Deep layer: Deep in the levator labii superioris and lateral to the transverse part of 

the nasalis muscle. 

Vascular supply: Facial artery and the infraorbital branch of the maxillary artery. 

Action:  

Lateral Slip: Raise and evert the upper lip, raises deepens and increase the 

curvature of the top of the nasolabial furrow. 

Medial Slip: Dilates the nostrils.  

 

B.    Levator labii superioris muscle 

Origin: from the maxilla and zygomatic bone above the infraorbital foramen. 

Insertion: Upper lip between the lateral slip of the levator labii superioris alaeque 

nasi and the zygomaticus minor muscles. 

Vascular supply: Facial artery and the infraorbital branch of the maxillary artery. 
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Action:   Elevates and everts the upper lips. It can also modify the nasolabial fold 

with the cojoined action of other muscles.  

 

C.    Zygomaticus minor muscle 

Origin:   Zygomatic bone behind the zygomaticomaxillary suture.  

Insertion: Upper lip, blending with the levator labii superioris muscle.  

Vascular supply: Superior labial branch of the facial artery. 

Action:   Elevates the upper lip, exposing the maxillary teeth. With help of the 

levator labii superioris alaeque nasi and the levator labii superioris 

muscles curls the upper lip when smiling, also they work together to 

reveal the expressions for smugness, contempt, or disdain.  

 

D.    Zygomaticus major muscle  

Origin:   Zygomatic bone just in front of the zygomaticotemporal suture. 

Insertion: Angle of the muscle where it blends with fibers of the levator anguli oris, 

orbicularis oris muscles and deeper located muscles. 

Vascular supply: Superior labial branch of the facial artery. 

Action:   Draws the angle of the mouth upwards and laterally as in laughing. 



8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Illustration of the facial muscles located on the midface region, frontal 

view. (Modified image obtained from Kim et al. (2015)). 
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(4) Retaining ligaments and spaces 

In this layer we can find the deep fat compartments located beneath the 

SMAS, over the parotideomasseteric fascia, and below the zygomaticus major 

muscle in a triangular shaped region bordered by the facial vein on its medial and 

inferior side, by the zygomaticus ligament on its superior side and also by fibrous 

septa. An important fat pad that can be found in this region is the deep medial 

cheek fat. Another sub-compartment of this region is made by the orbital part of 

the orbicularis oculi muscle and the SMAS (roof), levator labii superioris alaeque 

nasi muscle (floor) and the levator labii superioris muscle separating this 

compartment from the maxilla (Cotofana et al., 2015). 

 

(5) Periosteum and deep fascia 

This is the deepest layer, and it is formed by the parotideomasseteric fascia 

which is covering the parotid gland and duct including the buccal branches of the 

facial nerve. The parotideomasseteric fascia “change” its name at the level of the 

temple, over the zygomatic bone, becoming into the superficial layer of the deep 

temporal fascia. This fascia is attached to the zygomaticus major muscle 

attachment, and in this arrangement the facial vein runs to the muscle and to the 

medial part of the deep medial cheek fat until reaching the medial canthus 

(Cotofana et al., 2015). 
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1.2. Facial aging  

 

In the infraorbital region, several furrows and groves can appear such as 

the tear trough, infraorbital wrinkles, nasojugal groove, and palpebromalar groove, 

therefore this is one of the important anatomical areas for facial rejuvenation 

procedures (Haffner, 2016; Cotofana et al., 2015; Kim et al., 2015). 

Facial aging is characterized by changes in the skin and subcutaneous 

tissue. The skin loses its elasticity leading to sagging (Owsley et al., 2008). In the 

same way, the volume of the subcutaneous tissue starts to decrease and a 

displacement to inferior with a consequently bigger distance between the fat pads 

occurs giving an older appearance to the face (Paluch et al., 2020). In the past, it 

was believed that the fat tissue was only one mass, and the procedures did not 

target to a specific fat pad. However nowadays, the procedures are more specific 

and target only the portion of the fat pad that wanted to be augmented or restored 

(Paluch et al., 2020). 

Among the procedures and techniques to enhance the wrinkles, furrows, or 

deformities of the face due to the facial aging manifestations, we can find the 

botulinum toxin and filler injections which both target different layers: muscles and 

subcutaneous tissue, respectively.  

However, those procedures must be well performed to avoid any non-

desired outcomes and as they are mainly done without direct visualization, they 
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can be dangerous. Nevertheless, thanks to the technology there are some ways 

to perform safe and efficient procedures to ensure the best outcomes. One of them 

is the use of ultrasonography images, and to quantify the changes on the volumes, 

or symmetry of face the use of 3D scanning.   
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2. Ultrasonographic imaging  

 

Even though the ultrasonographic imaging has been considered only a 

bedside technology, its foundations are somewhat complex and highly useful 

(Aldrich, 2007). The ultrasonographic imaging is a method which produce images 

with aid of mechanical longitudinal waves (sound waves) that interact with the body 

components reflecting a sound that it is interpreted by the transducer and 

converted into a high-quality image that can be seen in the monitor. This method 

works not only on stationary tissues but also on the moving/flowing tissues such 

as the blood (Kim et al., 2021; Aldrich, 2007). 

The emitted sound waves are inaudible by the human (O’Brien, 2007) and 

vary from 3 to 25 MHz. After interacting with the tissue’s surface an “echo” is 

detected (acoustic impedance), analyzed, and represented as: hyperechoic, 

hypoechoic, isoechoic, or anechoic (echogenicity) images. The echogenicity can 

be defined as the ability of the structure to reflect the ultrasound waves in the 

context of the surrounding structures (Kim et al., 2021) and it will depend on the 

physical properties of the tissues (Baloch et al., 2018). The following definitions 

are taken from the studies published by Kim et al. (2021). 
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(1) Hyperechoic images 

Strong echoes which are represented in white color. Examples of 

hyperechoic structures are the ligaments, fasciae, and the surface of the bones.  

 

(2) Hypoechoic images 

Weak echoes which are represented in dark gray color. Examples of 

hypoechoic structures are the muscles and cartilages.  

 

(3) Isoechoic images 

The echoes reflected from the studied structure are similar to those from 

the surrounding structures, producing a gray image.  

 

(4) Anechoic images 

No echoes are reflected from the studied structure. The image is black.  

 

One of the most important aspects that must be considered before starting 

an ultrasonographic imaging analysis it is the transducer or probe. The transducer 

is the part of the system in charge of converting electric waves to mechanical 

waves, and thanks to the piezoelectric component do the reverse process 

converting the mechanical waves into electric fields which resembles and restores 

the distortion mechanical wave (Aldrich, 2007). At the moment of choosing and 
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using a transducer it is essential to remember some aspects:  

(1) Frequency 

Physically, it is the number of cycles that occur in 1 seconds. If the 

frequency is high, the spatial resolution is bigger, and the depth of penetration is 

smaller. In the case of a low frequency, it would be inverse (Aldrich, 2007; Kim et 

al., 2021). It has been reported that for the study of the skin structures the most 

appropriated frequency are those known as high frequency (>7 MHz) and ultra-

high frequency(>20 MHz) (Alfageme Roldán, 2014), and for facial muscles 

frequencies from 10 - 15 MHz (Kim et al., 2021) 

 

(2) Angle of incidence  

The echo penetration and reflection will be higher if the transducer it is 

placed in a 90° angle, because the echo will return at the same angle of incidence. 

If the transducer is placed at other angle, due to refraction of the wave some 

information will be deviated (Aldrich, 2007; Kim et al., 2021). However, the 

deviation of the beam is normal due to the rough and irregularly shaped structures 

(Aldrich, 2007). 

 

Also, there are some other characteristics as the brightness, distances or 

focus that can be manipulated with the integrated computer of the ultrasound 

machine.  
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To date, several types of transducers have been manufactured and they 

are widely used in different clinical applications. However, for the study of the 

infraorbital region components the most suitable transducer is the hockey stick 

transducer which has been reported as the best option to visualize irregular and 

small surfaces (Baloch et al., 2018) such as the muscles and components of the 

infraorbital region.   

 

2.1. Ultrasonographic imaging modes 

 

The US imaging allows to obtain information in two real time modes: B-

mode (Brightness mode) and Doppler mode: 

 

(1) B-mode  

The brightness mode is the most widely applied US imaging mode in clinical 

fields. This mode produces clear images using the echoes provided by the 

interaction of the wave and the studied structure. The images are reproduced in 

real time, commonly between 15 to 60 images/seconds, however as higher the 

number of frames per second, the smoother the images and consequently the 

visualization of the structure even if it’s moving (Aldrich, 2007; Kim et al., 2021). 
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(2) Doppler mode  

The main difference between the B-mode and the Doppler mode is that the 

last one describes a continuously changing frequency of the echo, due to the 

movement produced by the studied structure, for example: the blood. Due to that 

reason, this mode is widely used to find and describe vessels.  As nearest the 

reflected structure is, as higher the frequency seen in the doppler mode and, in the 

other hand, as far the structure is, as lower the frequency will be observed (Aldrich, 

2007; Kim et al., 2021). 

 

① Color Doppler mode 

This mode allows to represent and categorizes the vessels into arteries and 

veins, based on the direction of the flow: flowing away from the transducer is 

colored red and flowing toward the transducer is colored blue. Examining the 

anatomical structures relations, and also the information of the direction of the flow, 

will lead to a proper identification of the type of vessel (Aldrich, 2007; Kim et al., 

2021). 

② Power Doppler mode 

This mode is more sensitive than the color doppler, however, it doesn’t 

classify the vessels by colors. This mode helps to understand the magnitude of the 

flow inside the vessels allowing to identify illness, infections or problems in the 

structure (Aldrich, 2007; Kim et al., 2021). 
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During a ultrasonographic imaging study, several complications may occur. 

The most commons are called artifacts which are considered as errors in the 

images and includes the appearance of a nonexistent structure, hiding of an 

existent structure, distortion of the light changing the echogenicity of the structures 

producing shadows on the images, or the appearance of several “copies” of the 

same structure in a parallel arrangement (Aldrich, 2007; Kim et al., 2021). 

Even though the benefits of using ultrasonographic imaging in clinical fields 

has been reported in research related to the facial skin (Yang et al., 2019) forehead 

(Choi et al., 2019), masseter muscle (Lee et al., 2019), procerus, zygomaticus 

major, levator labii superioris, depressor anguli oris, mentalis, and orbicularis oris 

muscles (Alfen et al., 2013), among other muscles (mainly skeletal muscles), it is 

still not widely applied to the cosmetic field, being mostly applied on clinical settings 

(Kim et al., 2021). The above-mentioned research had proven the feasibility and 

suitability of the ultrasonographic imaging as a procedure to obtain crucial data for 

the diagnose and, even more, the guidance of procedures, but still not focused in 

all the components of the infraorbital region.  
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3. 3D Scanning system 

 

In medical, dental, surgical, prosthodontics forensic and cosmetic fields the 

3D scanning system has become one solution for the assessment of diverse 

characteristics of the face including the recognition of the face and the capture of 

facial emotions leading to better outcomes in diagnose, smile design, and esthetic 

rehabilitation (Amornvit et al., 2019). Also, it has the advantage of being faster than 

the traditional procedures (callipers), noninvasive and easy to use (Franco de Sá 

Gomes et al., 2019). So, a 3D scanner allows to obtain data from real-word objects 

maintaining its main characteristics (shape, color, proportions, etc.) through a 

virtually generated point cloud of geometric measurements and samples 

reproduced on the surface of the object (Ebrahim, 2014). Even more, the biggest 

advantage of the 3D scanning system, over the other systems, is the non-contact 

manner of data acquisition, with high reliability in less time (Petrides et al., 2021). 

As the technology goes further, better, and less risky scanners are being 

manufactured. Several types of 3D scanners are known. However, in simple words, 

they use the same principle based on taking pictures of non-obscured points which 

are located inside a cone shaped field, obtaining at the same time information 

about the distance of several geometrical landmarks. Even though, the 

methodology is based on pictures, it generally requires more than 2 cameras and 

multiple shootings from diverse angles to get 3D effect (Ebrahim, 2014). Some of 
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the most widely known devices are laser scanning, stereophotogrammetry, and 

structured-light scanner. 

 

(1) Conoscophy holography scanner (Laser) 

This device is based on the reflection of the light, using a laser beam which 

passes through a circular polarizer creating two orthogonal polarizations (one with 

a little delay). Those “beams” then propagate through a uniaxial crystal following a 

same geometrical path but both with different velocities. Then the image is 

analyzed and reconstructed with aid of a computer software (Kusnoto et al., 2002; 

Ebrahim, 2014; Sirat, 1992).  

   

(2) Stereophotogrammetry   

The stereophotogrammetry is based on the binocular vision, where 2 

slightly different images are superimposed to create the illusion of depth and 

consequently the perception of a 3D plane (using the x, y, z axis: triangulation). 

This method is capable of reproduce with a high fidelity the surface geometry of 

the face, keeping the real color and even the textures. All the information is blended 

and rendered under geometric patterns to produce the final image. To use this 

method up to 4 cameras are required (Sigaux et al., 2018; Heike et al., 2010). 
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(3) Structured light scanner 

This type of 3D scanners works projecting a geometrical pattern of light 

(generally striped pattern) on the subject and then analyze the changes on the 

pattern after interacting with the subject. The light is usually white, and the camera 

obtains information from the shape of the pattern. Then, using an algorithm, the 

distance produced between the stripes of the pattern is calculated and the image 

is made. However, when the subject of study exhibits holes, occlusions or it moves 

while the scanning is performed, will lead to ambiguity in the results. This is one of 

the fastest 3D scanning system due to the ability of analyze multiple points at the 

same time yielding to better results with less distortion. The main difference with 

the modulated light scanner is that in the structured light the light doesn’t change, 

in the modulated light scanning systems the light must change in a sinusoidal 

pattern to obtain information based on the cycles, shift and reflected light (Ebrahim, 

2014).  

The structured light scanner has been widely used for the study of the facial 

soft tissues (Kim et al., 2015; Lee et al., 2017) and it is the one used for this 

research. 

The Morpheus 3D (Morpheus company; Seongnam, Republic of Korea) 

possess a spatial accuracy of 0.1mm and the scanning procedure only takes 0.8 

seconds, and as the Morpheus3D scanner uses a low-power visible-light source 

the images can be taken with the subject’s eyes opened. 
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4. Aims of the research 

The understanding of the characteristics of the structural components of 

the face is the basis for the understanding of the facial aging phenomenon and, 

therefore, for mastering several facial aging related surgical and non-surgical 

procedures. Given the increasing demand of facial-aging related procedures, an 

appropriate and sufficient knowledge about the structures of the face is 

fundamental for clinicians and practitioners. The acquisition of data of the patient´s 

face is a crucial step to diagnose, evaluate, and planning procedures, due to that 

accurate and precise information about the skin, subcutaneous tissue, and 

muscles must be obtained in a fast and reliable manner which allows achieving the 

best outcomes avoiding possible non-desired outcomes. However, most of the 

anatomical studies related to the facial structures are performed on elder cadaveric 

specimens, not paying attention to the characteristics of the younger faces.  

For minimally invasive procedures the three-dimensional anatomical 

knowledge and real-time data of the face structures is essential. Therefore, 

imaging techniques as ultrasonographic imaging can be used to assess the 

characteristics and actual relations of the soft tissues on the patient’s face in a fast 

manner. To date, complete guidelines based on critical clinical anatomy have not 

been published. Instead, most clinicians still rely on palpation of facial references 

at the moment of performing procedures. Rely on the visualization of the external 

characteristics of the face implies a high risk of puncturing a non-targeted muscle 
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or structure leading to undesired outcomes. 

To date, the most reliable data has been obtained from cadaveric 

dissections and studied with, for example, 3D reconstruction scanning. However, 

there are some concerns about the use of ultrasonographic imaging analysis. 

Therefore, the present research aims to compare the validity and reliability 

of the 3D scanning and ultrasonographic imaging systems for the assessment of 

the soft tissues of the infraorbital region.  

4.1. General objective  

(1) To establish differences between the measurements done through US and 

3D scan on the infraorbital region.   

4.2. Specific objectives  

(1) To describe the infraorbital region components in terms of thickness of the 

skin and subcutaneous tissue, and depths of the muscles through two 

different methods: ultrasonographic imaging and 3D scanning system. 

(2) To determine differences in the measurements of the soft tissues of the 

infraorbital region by sexes.  

(3) To verify the differences between the measurement by ultrasonographic 

imaging and 3D scanning.  
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II. MATERIALS AND METHODS 

 

1. Materials 

1.1. Ultrasonographic facial analyses  

Eighty-eight Korean volunteers (49 males and 39 females; age range 19 – 

36 years) were used. Volunteers who had previously received surgery or aesthetic 

treatment to the face were excluded. US scanning and measurements were 

performed on the left side of the face for each volunteer. All of the US (B-mode and 

Doppler mode) assessments were performed at the Yonsei University College of 

Dentistry between July 2017 and August 2019.  

All of the measurements and the study purpose were explained to each 

volunteer, who then signed an informed-consent form. The study was approved by 

the Institutional Review Board (IRB) of Yonsei University (IRB no. 2-2017-0023). 

 

1.2. 3D facial scanning analyses 

Thirty-eight Korean cadavers (22 males 16 females; age range 51 - 94 

years old at the moment of death) were used. All the scanning were performed 

from 2017 to 2020. 

This study was conducted in compliance with the principles set forth in the 

Declaration of Helsinki. Permission and approval were received from the families 

of the cadavers before beginning the dissections.  
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2. Methods  

2.1. Facial landmarks  

 

To describe the components of the infraorbital region, four vertical and three 

horizontal lines were defined using as references the inferior orbital rim of the 

zygomatic bone, mid pupillary line, lateral and medial canthi, and nasal point. 

These lines were used to establish 8 facial landmarks (P1 – P8) that were marked 

on the faces of the volunteers. The four vertical lines were defined as: 

VL 1: The line passing the medial canthus 

VL 2: The line passing the midpupil  

VL 3: The line passing the lateral canthus 

VL 4: The line passing the lateral orbital rim  

While the three horizontal lines were defined as:  

HL 1: The line passing the inferior orbital rim  

HL 2: The mid half-line between HL1 and HL3 

HL 3: The line passing the bilateral to the alare point 

 

The points at which HL1 intersected with VL1, VL2, VL3, and VL4 were 

defined as P1, P2, P3, and P4, respectively; while those for the intersections of 

HL2 with VL1, VL2, VL3, and VL4 were defined as P5, P6, P7, and P8 (Fig. 2). 
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Figure 2. Illustration representing the 8 facial landmarks (points) used on this study. 

P1 is the meeting point between HL1 and VL1; P2 is the meeting point between 

HL1 and VL2; P3 is the meeting point between HL1 and VL3; P4 is the meeting 

point between HL1 and VL4; P5 is the meeting point between HL2 and VL1; P6 is 

the meeting point between HL2 and VL2; P7 is the meeting point between HL2 and 

VL3; P8 is the meeting point between HL2 and VL4. 
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2.2. Ultrasonographic imaging 

Each volunteer was placed in a semisupine position, and the 12 facial 

landmarks were carefully marked on the face. After the facial landmarks were 

defined, ultrasonographic scanning was carried out using a real-time two-

dimensional B-mode ultrasonographic device (ECUBE 15, ALPINION Medical 

Systems; Seoul, Republic of Korea) with a high-frequency hockey-stick transducer 

(8-15 MHz; IO8-17T, ALPINION Medical Systems; Seoul, Republic of Korea).  

Before starting the ultrasonographic scanning examination, nontoxic 

ultrasonographic gel (Meditop Sono Jelly, Meditop Corporation; Seoul, Republic of 

Korea) was generously applied. Then the transducer was suspended into the gel, 

taking care to not press the face to avoid deformity or distortion of the soft tissues 

due to pression to the skin. The gel was reapplied for the scanning of each 

landmark. 

Ultrasonographic scanning and measurements were performed on the left 

side of the face for each volunteer.  

Once the images were collected, the thickness of the skin and 

subcutaneous tissue and the depths of the muscular components were measured 

using an image analysis program (ImageJ, National Institutes of Health; Bethesda, 

MD, USA). 
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2.3. 3D facial scanning  

All the images from the frontal, and oblique bilateral aspects of the face, 

were obtained using a 3D structured light scanner. The cadavers were placed on 

a dissection table and their faces were carefully scanned in 3 steps: 

 

(1) Scanning of the undissected face in its natural state. 

(2) Scanning of the face after a carefully skinning process done only on 

the left side of the cadaver and slightly deviated from the midline. 

(3) Scanning of the face after the remotion of the subcutaneous tissue, 

revealing only the superficial facial muscles and SMAS. 

 

During all the dissection procedures attention was paid into no overstretch 

or put excessive pressure on the face in order to avoid distortion of the soft tissues. 

Also, the right half of the face was preserved from any dissection procedure to be 

used later as reference points with the designed landmarks and, in this way, 

compare the distance between the points on the dissected and undissected hemi 

face.  

After the images were obtained, and the landmarks were carefully place 

and aligned, the images of both halves of the face were superimposed through 

geometric analysis using the Morpheus Plastic Solution 3.0 software (MPS 3.0; 

Morpheus company; Seongnam, Republic of Korea). 
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All the landmarks were digitalized, and aligned with the undissected 3D 

face, following the same criteria above described, using as reference pre marked 

points on the skin of the cadaver’s face. Then the thickness, or depth, in each 

landmark point was automatically calculated using MPS 3.0 software, which use a 

geometric algorithm based on the perpendicular projection of the tangent of the 

landmark of the undissected half from the dissected one, giving the distance 

between both points.  

 

2.4. Statistical analysis  

Descriptive analyses were performed using mean ± standard deviation 

values. Data normality was evaluated separately for each variable using the 

Shapiro-Wilk normality test. The student’s t-test was used to identify significant 

differences in the skin and subcutaneous tissue’s thickness, and in the depths of 

the infraorbital region muscles according to sex. T-test was used also to identify 

significant differences in the measurements made by ultrasonographic imaging 

and 3D scanning. Box plots were used to represent the deviation and variability of 

the data.  
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III. RESULTS 

 

1.  Ultrasonographic analyses  

1.1. Basic anatomy at the 12 facial landmarks  

 

At P1 from medial to lateral, nasalis, levator labii superioris alaeque nasi, 

and orbicularis oculi muscles can be clearly observed below the subcutaneous 

tissue layer as hypoechoic structures. The angular artery (more medially located) 

and vein run at this point (Fig. 3). 

Figure 3. Ultrasonography image of P1. Doppler mode (Transverse view, 15 

MHz Hockey-stick transducer). Unit: cm. 
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At P2 the muscles can be observed beneath an irregular hyperechoic 

subcutaneous layer. The orbicularis oculi muscle can be seen as a thick 

hypoechoic line crossing the whole ultrasonographic image while the levator labii 

superioris muscle is observed as a shorter hypoechoic line below the orbicularis 

oculi muscle (Fig. 4). The facial artery can be observed running superficially to the 

levator labii superioris muscle.  

Figure 4. Ultrasonography image of P2. Doppler mode (Transverse view, 15 

MHz Hockey-stick transducer). Unit: cm. 
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At P3 the orbicularis oculi muscle can be clearly observed located deeper 

than the previous landmarks due to the thicker subcutaneous tissue and skin (Fig. 

5). 

 

Figure 5. Ultrasonography image of P3. B-mode (Transverse view, 15 MHz 

Hockey-stick transducer). Unit: cm. 
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At P4 the thickest subcutaneous tissue on HL1 line was observed. 

Therefore, the orbicularis oculi muscle was also deeper located. The origin of the 

zygomaticus minor muscle can be observed deep to the orbicularis oculi muscle 

(Fig. 6). 

 

Figure 6. Ultrasonography image of P4. B-mode (Transverse view, 15 MHz 

Hockey-stick transducer). Unit: cm. 
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At P5, from medial to lateral nasalis, levator labii superioris alaeque nasi 

and orbicularis oculi muscles can be observed. The levator labii superioris muscle 

can be seen below the superficial orbicularis oculi muscle. At this point the angular 

artery can be seen running superficial to the levator labii superioris alaeque nasi 

muscle (Fig. 7). 

 

Figure 7. Ultrasonography image of P5. Doppler mode (Transverse view, 15 MHz 

Hockey-stick transducer). Unit: cm. 
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At P6 the levator labii superioris muscle can be observed just above the 

maxilla and the orbicularis oculi muscle is located superficial to the levator labii 

superioris muscle (Fig. 8). 

 

Figure 8. Ultrasonography image of P6. B-mode (Transverse view, 15 MHz 

Hockey-stick transducer). Unit: cm. 
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At P7 the lower part of the orbicularis oculi muscle can be observed, and 

the levator labii superioris muscle and the bony origin of the zygomaticus minor 

muscle can be found at this landmark (Fig. 9). 

 

Figure 9. Ultrasonography image of P7. B-mode (Transverse view, 15 MHz 

Hockey-stick transducer). Unit: cm. 
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At P8 the orbicularis oculi muscle and the bony origin of the zygomaticus 

major can be seen under a thick layer of fat. Beneath the dermis perforators can 

be commonly identified (Fig. 10). 

 

Figure 10. Ultrasonography image of P8. Doppler mode (Transverse view, 15 MHz 

Hockey-stick transducer). Unit: cm. 
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1.2. Thicknesses of the skin and subcutaneous tissue  

Table 1 presents the measured thicknesses of the skin and subcutaneous 

tissue according to sex using ultrasonographic imaging analysis. Figures 11, 12, 

13, and 14 illustrate the thickness of the facial skin and subcutaneous tissue in 

males and females, respectively. 

The thickness of the skin differed significantly (p<0.05) at P1, being 1.8 ± 

0.3 mm in males and 1.6 ± 0.3 mm in females and at P6, being 1.7 ± 0.2 mm in 

males and 1.5 ± 0.2 mm in females.  

While the subcutaneous tissue thickness differed significantly (p<0.05) at 

P3, being 2.1 ± 0.5 mm in males and 2.4 ± 0.5 mm in females and at P8, being 3.4 

± 0.7 mm in males and 4.1 ± 0.6 in females.  

No significant sex-related difference was found for the skin at points 2, 3, 4, 

5, 7, and 8. Also no significant sex-related difference was found for the 

subcutaneous tissue thickness at points 1, 2, 4, 5, 6, and 7.  
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Table 1. Comparison of the thicknesess of the infraorbital region skin and 

subcutaneous tissue by sex using ultrasonographic imaging (N=88) 

 

The Student’s T-test was used to identify significant differences in the thickness 

of the skin and subcutaneous tissue of the infraorbital region according to sex; 

Mean and standard deviation (S.D) in millimeters; P: Facial landmark point; *: 

p<0.05 was considered significant. 

 TOTAL SAMPLE (N=88) 

 SKIN SUBCUTANEOUS TISSUE 

P n  

Male 

(n=49) 

Mean 

(S.D) 

n  

Female 

(n=39) 

Mean 

(S.D) 

p – 

value 

n  

Male 

(n=49) 

Mean 

(S.D) 

n 

Female 

(n=39) 

Mean 

(S.D) 

p – 

value 

1 40 1.8 

(0.3) 

34 1.6 

(0.3) 

0.015* 40 1.2 

(0.3) 

34 1.2 

(0.3) 

0.818 

2 37 1.3 

(0.2) 

27 1.4 

(0.3) 

0.748 37 1.0 

(0.2) 

27 1.0 

(0.2) 

0.579 

3 43 1.3 

(0.3) 

23 1.2 

(0.3) 

0.061 43 2.1 

(0.5) 

23 2.4 

(0.5) 

0.035* 

4 44 1.5 

(0.3) 

24 1.6 

(0.4) 

0.233 44 2.8 

(0.5) 

24 2.9 

(0.7) 

0.210 

5 45 1.6 

(0.2) 

36 1.6 

(0.2) 

0.134 45 2.2 

(0.6) 

36 2.2 

(0.8) 

0.915 

6 48 1.7 

(0.2) 

37 1.5 

(0.2) 

0.000* 48 2.1 

(0.4) 

37 2.1 

(0.6) 

0.950 

7 48 1.9 

(0.4) 

38 1.9 

(0.3) 

0.933 48 2.6 

(0.5) 

38 2.8 

(0.4) 

0.157 

8 48 2.1 

(0.3) 

39 2.1 

(0.3) 

0.731 30 3.4 

(0.7) 

14 4.1 

(0.6) 

0.004* 
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Figure 11. Illustration representing the mean thickness of the infraorbital region 

skin in each facial landmark by ultrasonographic analysis. All measurements in 

millimeters. Significant statistically differences are represented in red. VL: vertical 

line, HL: horizontal line, P: facial landmark point. 
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Figure 12. Illustration representing the mean thickness of the infraorbital region 

subcutaneous tissue in each facial landmark by ultrasonographic analysis. All 

measurements in millimeters. Significant statistically differences are represented 

in red. VL: vertical line, HL: horizontal line, P: facial landmark point. 
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Figure 13. Illustration representing the mean thickness of the infraorbital region 

skin in each facial landmark by ultrasonographic analysis. All measurements in 

millimeters. Significant statistically differences are represented in red. VL: vertical 

line, HL: horizontal line, P: facial landmark point. 
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Figure 14. Illustration representing the mean thickness of the infraorbital region 

subcutaneous tissue in each facial landmark by ultrasonographic analysis. All 

measurements in millimeters. Significant statistically differences are represented 

in red. VL: vertical line, HL: horizontal line, P: facial landmark point. 
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1.3. Depths of the infraorbital region muscles  

Table 2 presents the measured depths of the muscles and comparisons 

according to sex. The depth of the orbicularis oculi muscle differed significantly 

(p<0.05) with sex at P7, being 3.5 ± 0.4 mm in males and 3.1 ± 0.5 mm in females. 

The depth of the zygomaticus minor muscle differed significantly with sex at P4, 

being 6.7 ± 0.8 mm in males and 7.3 ± 1.0 mm in females. Finally, the depth of the 

levator labii superioris alaeque nasi muscle differed significantly with sex at P1, 

being 3.9 ± 0.8 mm in males and 4.4 ± 1.0 mm in females (Fig. 15, 16).  

No significant sex-related difference was found for zygomaticus major, or 

levator labii superioris muscles. 

 

 

 

 

 

 

 

 

 

 

 



44 

 

Table 2. Comparison of the depths of the muscular components of the infraorbital 
region by sex using ultrasonographic imaging (N=88) 

The Student’s t-test was used to identify significant differences in the depths of the 
infraorbital region muscles according to sex; Mean and standard deviation (S.D.) in 
millimeters; P: Facial landmark point; *: p<0.05 was considered significant. 

  ALL SAMPLE (N=88)  

P Muscle n Male (n=49) 

Mean (S.D.) 

n 

 

Female (n=39) 

Mean (S.D.) 

p 

1 Orbicularis oculi muscle 46 2.6 (0.5) 38 2.4 (0.6) 0.246 

 Levator labii superioris 
alaeque nasi muscle 

38 3.9 (0.8) 35 4.4 (1.0) 0.028* 

2 Orbicularis oculi muscle 49 2.5 (0.5) 39 2.5 (0.6) 0.390 

Levator labii superioris 
muscle 

23 4.9 (0.8) 18 5.2 (0.7) 0.218 

3 Orbicularis oculi muscle 48 3.1 (0.6) 36 3.0 (0.6) 0.376 

4 Orbicularis oculi muscle 49 4.1 (0.7) 39 4.2 (0.6) 0.436 

Zygomaticus minor 
muscle 

36 6.7 (0.8) 13 7.3 (1.0) 0.035* 

5 Orbicularis oculi muscle 48 3.1 (0.4) 39 2.9 (0.5) 0.130 

Levator labii superioris 
alaeque nasi muscle 

47 5.0 (0.7) 32 4.9 (0.9) 0.323 

Levator labii superioris 
muscle 

36 6.9 (1.0) 26 7.3 (1.0) 0.190 

6 Orbicularis oculi muscle 44 3.3 (0.5) 35 3.2 (0.4) 0.266 

Levator labii superioris 
muscle 

39 7.2 (0.9) 27 7.6 (1.0) 0.056 

7 Orbicularis oculi muscle 49 3.5 (0.4) 39 3.1(0.5) 0.001* 

 Zygomaticus minor 
muscle 

36 7.3 (0.8) 16 7.2 (0.7) 0.767 

8 Orbicularis oculi muscle 31 5.4 (0.9) 14 6.0 (0.6) 0.017* 

Zygomaticus major 
muscle 

34 8.1 (0.9) 15 8.3 (0.2) 0.682 
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Figure 15. Illustration representing the depths of the infraorbital region muscular 

component in each facial landmark by ultrasonographic analysis. VL: vertical line, 

HL: horizontal line, P: facial landmark point. 
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Figure 16. Illustration representing the depths of the infraorbital region muscular 

component in each facial landmark by ultrasonographic analysis. VL: vertical line, 

HL: horizontal line, P: facial landmark point.  

 



47 

 

2. 3D Facial scanning analyses  

2.1 Thicknesses of the skin and subcutaneous tissue  

Table 3 presents the measured thickness of the skin and subcutaneous 

tissue according and comparisons according to sex. Figure 17, 18, 19, and 20 

illustrate the thickness of the facial skin and subcutaneous tissue in males and 

females, respectively. 

No significant sex-related difference was found for the skin at any landmark. 

The thickness of the subcutaneous tissue differed significantly (p<0.05) at 

P8, being 5.1 ± 2.7 mm in males and 7.4 ± 3.5 mm in females. However, no 

significant sex-related difference was found at P1, P2, P3, P4, P5, P6, and P7. 
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Table 3. Comparison of the thicknesses of the infraorbital region skin and 

subcutaneous tissue by sex using a 3D scanning system (N=38) 

 

The Student’s T-test was used to identify significant differences in the thickness 

of the skin and subcutaneous tissue of the infraorbital region according to sex; 

Mean and standard deviation (S.D) in millimeters; P: Facial landmark point; *: 

p<0.05 was considered significant. 

 TOTAL SAMPLE (N=38) 

 SKIN SUBCUTANEOUS TISSUE 

 

P 

Mean (S.D)  

p – 

value 

Mean (S.D)  

p –  

value 

Male 

(n=22) 

Female 

(n=16) 

Male 

(n=22) 

Female 

(n=16) 

1 1.9 (1.1) 1.7 (0.6) 0.519 3.8 (2.4) 3.7 (2.5) 0.801 

2 1.9 (1.3) 1.6 (0.7) 0.449 2.5 (2.1) 3.43 (2.1) 0.162 

3 1.9 (1.2) 1.8 (0.9) 0.865 3.3 (2.2) 4.5 (2.6) 0.130 

4 2.4 (1.8) 1.9 (0.8) 0.324 4.0 (2.6) 5.5 (2.2) 0.081 

5 1.6 (1.0) 1.6 (0.8) 0.906 3.2 (2.3) 3.5 (2.2) 0.661 

6 2.4 (1.3) 1.9 (0.5) 0.124 5.1 (2.9) 6.5 (2.7) 0.122 

7 2.4 (1.4) 2.0 (1.0) 0.367 5.5 (2.7) 7.2 (2.4) 0.058 

8 2.5 (1.7) 1.7 (0.9) 0.063 5.1 (2.7) 7.4 (3.5) 0.025* 
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Figure 17. Illustration representing the mean thickness of the infraorbital region 

skin in each facial landmark by 3D scanning (Morpheus 3D, Morpheus company; 

Seongnam, Republic of Korea). Unit: mm. Significant statistically differences are 

represented in red. VL: vertical line, HL: horizontal line, P: facial landmark point. 
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Figure 18. Illustration representing the mean thickness of the infraorbital region 

subcutaneous tissue in each facial landmark by 3D scanning (Morpheus 3D, 

Morpheus company; Seongnam, Republic of Korea). Unit: mm. Significant 

statistically differences are represented in red. VL: vertical line, HL: horizontal 

line,P: facial landmark point.  
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Figure 19. Illustration representing the mean thickness of the infraorbital region 

skin in each facial landmark by 3D scanning (Morpheus 3D, Morpheus company; 

Seongnam, Republic of Korea). Unit: mm. Significant statistically differences are 

represented in red. VL: vertical line, HL: horizontal line, P: facial landmark 

point.facial landmark point. 
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Figure 20. Illustration representing the mean thickness of the infraorbital region 

subcutaneous tissue in each facial landmark by 3D scanning system (Morpheus 

3D, Morpheus company; Seongnam, Republic of Korea). Unit: mm. Significant 

statically differences are represented in red. VL: vertical line, HL: horizontal line, P: 

facial landmark point. 
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2.2. Depths of the infraorbital region muscles 

 

Table 4 presents the measured depths of the muscles and comparisons 

according to sex using a 3D scanning system after a meticulous dissection of the 

face. The depth of the orbicularis oculi muscle differed significantly (p<0.05) with 

sex at P4, being 5.8 ± 2.5 mm in males and 7.6 ± 2.4 mm in females, at P7 (p=0.049) 

being 7.1 ± 2.7 mm in males and 9.1 ± 2.9 mm in females, and at P8 (p=0.028), 

being 6.5 ± 2.5 mm in males and 8.9 ± 2.9 mm in females. Zygomaticus minor 

muscle differed significantly with sex at P8, being 7.8 ± 2.4 mm in males and 11.2 

± 2.8 mm in females. 

 

No statistically significant differences were found for levator labii superioris 

and zygomaticus major muscle. 
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Table 4. Comparison of the depths of the muscular components of the infraorbital 

region by sex using a 3D scanning system (N=38) 

  ALL SAMPLE (N=38)  

P Muscle n Male (n=22) 

Mean (S.D.) 

n 

 

Female (n=16) 

Mean (S.D.) 

p 

1 Orbicularis oculi muscle 13 3.9 (2.6) 14 4.9 (2.4) 0.343 

 Levator labii superioris 

alaeque nasi muscle 

16 5.1 (2.2) 13 4.9 (1.8) 0.841 

2 Orbicularis oculi muscle 22 4.3 (2.6) 16 5.1 (2.2) 0.290 

 Levator labii superioris 

muscle 

4 7.0 (2.8) 2 12.3 (2.5) 0.091 

3 Orbicularis oculi muscle 22 4.9 (2.7) 16 5.9 (2.6) 0.272 

4 Orbicularis oculi muscle 21 5.8 (2.5) 15 7.6 (2.4) 0.042* 

5 Levator labii superioris 

alaeque nasi muscle 

14 5.9 (2.6) 12 6.9 (1.1) 0.232 

Levator labii superioris 6 7.4 (4.2) 6 9.0 (1.7) 0.375 

6 Orbicularis oculi muscle 19 6.7 (3.5) 13 7.7 (2.7) 0.179 

Levator labii superioris 

muscle 

18 9.6 (3.0) 12 10.7 (2.3) 0.264 

7 Orbicularis oculi muscle 22 7.1 (2.7) 13 9.1 (2.9) 0.049* 

8 Orbicularis oculi muscle 19 6.5 (2.5) 11 8.9 (2.9) 0.028* 

 Zygomaticus minor 

muscle 

8 7.8 (2.4) 8 11.2 (2.8) 0.019* 

 

The Student’s t-test was used to identify significant differences in the depths of the 

infraorbital region muscles according to sex; Mean and standard deviation (S.D.) in 

millimeters; P: Facial landmark point; *: p<0.05 was considered significant. 
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3. Comparison between the ultrasonographic imaging and the 3D 

scanning systems.  

 

Table 5 presents the comparison between the measured thickness and 

depths of the infraorbital region components through US imaging and 3D scanning 

system. 

The thickness of the skin differed significantly (p<.05) between the imaging 

systems at P2, being 1.3 ± 0.3 mm in the ultrasonographic imaging and 1.8 ± 1.1 

mm in the 3D scanning system, at P3, being 1.3 ± 0.3 mm in the ultrasonographic 

imaging and 1.9 ± 1.0 mm in the 3D scanning system, at P4 being 1.5 ± 0.3 mm in 

the ultrasonographic imaging and 2.2 ± 1.5 mm in the 3D scanning system, at P6 

being 1.6 ± 0.2 mm in the ultrasonographic imaging and 2.2 ± 1.1 mm in the 3D 

scanning system, and at P7 being 1.9 ± 0.4 mm in the ultrasonographic imaging 

and 2.2 ± 1.2 mm in the 3D scanning system. 

The box plot (Fig. 21A) represents the line from P1 to P4. In the case of the 

ultrasonographic imaging, the measurements are even spread with short boxes 

and similar whiskers in all cases, only one outsider case it is report in each 

landmark, excepting in P2 where the data is more likely to be under the 1.5 mm of 

thickness. For the second line, in the case of the ultrasonographic imaging, at facial 

landmarks P5 and P6 even though the data is highly concentrated, it tended to be 

located over the mean, different from P7 and P8 where data was more evenly 
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distributed (Fig. 21B). Even though a similar pattern it is observed in the box plots 

corresponding to the measurements done with 3D scanning, in the first line at P3 

the measurement data tends to be concentrated under the 2 mm. (below the mean) 

and also several outsider data were reported (Fig. 21A). For the case of landmarks 

from P5 and P8 the data it is located below the mean, not the case of P6 and P7 

where the data was more evenly distributed (Fig. 21B). 

The thickness of the subcutaneous tissue differed significantly (p<0.05) 

between the imaging systems at P1, being 1.2 ± 0.3 mm in the ultrasonographic 

imaging and 3.7 ± 2.5 mm in the 3D scanning system, at P2 being 1.0 ± 0.2 mm in 

the ultrasonographic imaging and 2.9 ± 2.1 mm in the 3D scanning system, at P3 

being 2.2 ± 0.5 mm in the ultrasonographic imaging and 3.8 ± 2.4 mm in the 3D 

scanning system, at P4 being 2.8 ± 0.6 mm in the ultrasonographic imaging and 

4.6 ± 2.5 mm in the 3D scanning system, at P5 being 2.2 ± 0.7 mm in the 

ultrasonographic imaging and 3.3 ± 2.2 mm in the 3D scanning system, at P6 being 

2.1 ± 0.5 mm in the ultrasonographic imaging and 5.7 ± 2.9 mm in the 3D scanning 

system, at P7 being 2.7 ± 0.5 mm in the ultrasonographic imaging and 6.2 ± 2.7 

mm in the 3D scanning system, and at P8 being 3.7 ± 0.7 mm in the 

ultrasonographic imaging and 6.0 ± 3.2 mm in the 3D scanning system. 

The box plots for P1 to P4, by ultrasonographic imaging, show that the 

measurement data is really compact exhibiting a highly level of agreement (Fig. 

22A); However, in the same line but by 3D scanning, we can see that the data is 
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highly dispersed at all landmarks with high deviations and low level of agreement 

inside the sample (Fig. 22A). For the second line, from P5 to P8, even though the 

ultrasonographic imaging measurements tends to exhibit a lower dispersion 

compared to the 3D scanning, both techniques show big boxes with long whiskers 

reporting a high range and a low agreement due to the differences among the data 

(Fig. 22B). 

The depth of the orbicularis oculi muscle differed significantly (p<0.05) 

between both imaging systems at P1, being 2.5 ± 0.6 mm in the ultrasonographic 

imaging and 4.4 ± 2.5 mm in the 3D scanning system, at P2 being 2.5 ± 0.6 mm in 

the ultrasonographic imaging and 4.6 ± 2.4 mm in the 3D scanning system, at P3 

being 3.1 ± 0.6 mm in the ultrasonographic imaging and 5.3 ± 2.7 mm in the 3D 

scanning system, at P4 being 4.2 ± 0.7 mm in the ultrasonographic imaging and 

6.5 ± 2.6 mm in the 3D scanning system, at P7 being 3.3 ± 0.5 mm in the 

ultrasonographic imaging and 7.9 ± 2.9 mm in the 3D scanning system, and at P8 

being 5.6 ± 0.9 mm in the ultrasonographic imaging and 7.4 ± 2.9 mm in the 3D 

scanning system. 

In the box plot for the measurements of the depths of orbicularis oculi 

muscle by ultrasonographic imaging, the data is evenly spread showing a low 

variability and low dispersion in all landmarks, expecting P8 (Fig. 23). Contrary to 

the boxplot representing the measurements done by 3D scanning where the data 

is not well clustered reflecting a high variability and dispersion in all the landmarks 
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(Fig. 23). 

The depth of the levator labii superioris alaeque nasi muscle differed 

significantly (p<0.05) between both imaging systems at P1, being 4.2 ± 0.9 mm in 

the ultrasonographic imaging and 5.0 ± 2.0 mm in the 3D scanning system, and at 

P5, being 5.0 ± 0.8 mm in the ultrasonographic imaging and 6.4 ± 2.1 mm in the 

3D scanning system. And finally, the depth of the levator labii superioris muscle 

differed significantly with sex at P5, being 7.1 ± 1.0 mm in the ultrasonographic 

imaging and 8.2 ± 3.2 mm in the 3D scanning system, and at P6, being 7.4 ± 0.9 

mm in the US imaging and 10.0 ± 2.8 mm in the 3D scanning system. 

In the box plot for the measurements of the depths of levator labii superioris 

alaeque nasi muscle by ultrasonographic imaging, the data present less variability 

and dispersion, also showing lower depths than the data obtained by 3D scanning 

(Fig. 24). 

The box plot for the measurements of the depth of the levator labii 

superioris muscle follow the same trend as with other muscles, exhibiting higher 

deviation and dispersion of the data in the 3D scanning obtained measurement; 

however, more outsider measurements were found in the ultrasonographic imaging 

data (Fig. 25). 

Zygomaticus major and Zygomaticus minor muscles were not compared 

using box plot because they were not found in the same landmark with aid of the 

3D scanning and US imaging. A similar situation occurred for levator labii superioris 
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at P2; zygomaticus minor at P4 and P7; orbicularis oculi at P5; and orbicularis oculi 

at P8, were the number of visualizations, either by ultrasonographic imaging or 3D 

scanning, was so scarce so a statistical analysis could not be done.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



60 

 

Table 5. Comparison of the measurements of the infraorbital region soft tissues 

components by ultrasonographic analysis and 3D scanning 

  Ultrasonographic 

imaging 

(N 88) 

3D Scanning 

(N 38) 

 

P  n Mean 

(S.D) 

n Mean 

(S.D) 

p 

1 Skin 74 1.7 (0.3) 38 1.8 (0.9) 0.370 

 Subcutaneous 

tissue  

74 1.2 (0.3) 38 3.7 (2.5) 0.000* 

 Orbicularis oculi 84 2.5 (0.6) 27 4.4 (2.5) 0.000* 

 Levator labii 

superioris alaeque 

nasi  

73 4.2 (0.9) 29 5.0 (2.0) 0.005* 

2 Skin 64 1.3 (0.3) 38 1.8 (1.1) 0.002* 

 Subcutaneous 

tissue 

64 1.0 (0.2) 38 2.9 (2.1) 0.000* 

 Orbicularis oculi 88 2.5 (0.6) 38 4.6 (2.4) 0.000* 

3 Skin 66 1.3 (0.3) 38 1.9 (1.0) 0.000* 

 Subcutaneous 

tissue  

66 2.2 (0.5) 38 3.8 (2.4) 0.000* 

 Orbicularis oculi 84 3.1 (0.6) 38 5.3 (2.7) 0.000* 

4 Skin 68 1.5 (0.3) 38 2.2 (1.5) 0.000* 

 Subcutaneous 

tissue  

68 2.8 (0.6) 38 4.6 (2.5) 0.000* 

 Orbicularis oculi 88 4.2 (0.7) 36 6.5 (2.6) 0.000* 

5 Skin 81 1.6 (0.2) 38 1.6 (0.9) 0.994 

 Subcutaneous 

tissue  

 

81 2.2 (0.7) 38 3.3 (2.2) 0.000* 
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 Levator labii 

superioris alaeque 

nasi 

79 5.0 (0.8) 26 6.4 (2.1) 0.000* 

 Levator labii 

superioris 

62 7.1 (1.0) 12 8.2 (3.2) 0.021* 

6 Skin 85 1.6 (0.2) 38 2.2 (1.1) 0.000* 

 Subcutaneous 

tissue  

85 2.1 (0.5) 38 5.7 (2.9) 0.000* 

Orbicularis Oculi 79 3.3 (0.5) 32 7.1 (3.2) 0.000* 

 Levator labii 

superioris 

66 7.4 (0.9) 30 10 (2.8) 0.000* 

7 Skin 86 1.9 (0.4) 38 2.2 (1.2) 0.015* 

 Subcutaneous 

tissue  

86 2.7 (0.5) 38 6.2 (2.7) 0.000* 

 Orbicularis oculi 88 3.3 (0.5) 35 7.9 (3.0) 0.000* 

8 Skin 87 2.1 (0.3) 38 2.2 (1.4) 0.580 

 Subcutaneous 

tissue  

44 3.7 (0.7) 38 6.0 (3.2) 0.000* 

 Orbicularis oculi 45 5.6 (0.9) 30 7.4 (2.9) 0.000* 

The Student’s t-test was used to identify significant differences in the measurement of the 

infraorbital region components according to each imaging method; Mean and standard 

deviation (S.D.) in millimeters; For skin and subcutaneous tissue the thickness was 

assessed, while for muscles the depth was measured. P: Facial landmark point; *: p<0.05 

was considered significant. 
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Figure 21. Comparison of the thickness of the infraorbital region skin using 

ultrasonographic imaging and 3D Scanning. A: Landmarks P1 to P4, B: Landmarks 

P5 to P8. All measurements in millimeters. P: Facial landmark point.    
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Figure 22. Comparison of the thickness of the infraorbital region subcutaneous 

tissue using ultrasonographic imaging and 3D Scanning. A: Landmarks P1 to P4, 

B: Landmarks P5 to P8. All measurements in millimeters. P: Facial landmark point. 
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Figure 23. Comparison of the orbicularis oculi muscle’s depths using 

Ultrasonographic imaging and 3D Scanning. All measurements in millimeters. P: 

Facial landmark point. 
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Figure 24. Comparison of the levator labii superioris alaeque nasi muscle’s depths 

using Ultrasonographic imaging and 3D Scanning. All measurements in millimeters. 

P: Facial landmark point. 
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Figure 25. Comparison of the levator labii superioris muscle’s depths using 

Ultrasonographic imaging and 3D Scanning. All measurements in millimeters. P: 

Facial landmark point. 

 

 

 

 

 



67 

 

IV. DISCUSSION 

 

Achieving the best clinical outcomes without undesirable side effects 

requires accurate anatomical knowledge of the three-dimensional locations and 

depths of the various muscles, vessels, thickness of the skin and subcutaneous 

tissue, and their surrounding structural characteristics (Surek et al., 2015; Spiegel 

et al., 2005). To obtain that information, several imaging methods are used, among 

them the ultrasonographic imaging is one of the most versatile (Baloch et al., 2018). 

However, most of the information and guidelines related to the clinical anatomy of 

the face has been obtained from cadaveric samples using, for example, 3D 

scanning. In light of that, the present research aimed to compare the validity and 

reliability of the 3D scanning and ultrasonographic imaging systems for the 

assessment of the soft tissues of the infraorbital region.  

It was reported that the skin of the infraorbital region was thinnest in the 

facial landmarks P1 to P4, which is concordant with the results of Chopra et al. 

(2015), Lee et al. (2017), and Kim et al. (2019). 

Even if the measurements performed with both techniques were statistically 

different, the results exhibited that the soft tissues of the infraorbital region followed 

the same pattern, becoming thicker and deeper located from upper to lower and 

from medial to lateral aspects, independent of the sex, which is consistent with the 

data reported by Kim et al. (2019), who analyzed Korean and Thai cadaveric 
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specimens using the same scanning system (Morpheus 3D). Consequently, as the 

muscles lie behind the subcutaneous tissue, the depths of the muscles followed a 

similar pattern that can be related to the progressive thickening of the superficial 

fat pads from medial to lateral and upper to lower aspects. Among the muscles that 

could be found in the infraorbital region, it was observed, through both techniques, 

that the most superficial located muscle was the orbicularis oculi muscle, while the 

deepest located muscles was the zygomaticus major muscle for ultrasonographic 

imaging and the levator labii superioris and zygomaticus minor muscles for 3D 

imaging.  

The same muscles, excepting the zygomaticus muscles, could be found 

with the aid of the same facial landmarks independent of sex, but at different depths. 

It was observed that the muscles tended to be significantly deeper located 

in female samples, independent of the imaging method, which is concordant with 

the data proposed by Spiegel et al. (2005) for Caucasian cadaveric sample, 

nevertheless, the data obtained for the present research revealed deeper 

components. This can be explained because the Asian face differs from other 

populations due to its greater amount of malar fat as well as thicker skin and 

ligamentous components (Shirakabe et al., 2003; Ryu et al., 2018). 

However, at the moment of comparing both imaging methods, the skin 

measurements exhibited statically significant differences in all the proposed 

landmarks excepting P1, P5 and P8. And the case of the subcutaneous tissue 
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became critical as all the landmarks exhibited a significant statically difference. 

This can be because the sample for ultrasonographic imaging was younger (mean 

age 23.8 years; age range: 19 – 36 years) than the 3D scanner sample (mean age: 

76 years; age range: 36 – 94 years), also the data corresponded to volunteers and 

cadavers, respectively. So on, due to the manipulation during dissection the soft 

tissues are affected and suffered mechanical distortion. In addition, due to the 

facial aging all the components of the infraorbital region change, making hard to 

establish comparisons between the two samples. Other studies which compared 

ultrasonographic imaging to 3D scanning has also revealed the poor to moderate 

agreement between these two methods in different landmarks (Lee et al., 2017).  

The thickness of the skin and subcutaneous tissue, and the depths of the 

muscles was found to be greater and deeper, respectively, in all the measurements 

done with the aid of the 3D scanning when comparing to the ultrasonographic 

analysis. Also, all the 3D scanning measurement exhibited a high standard 

deviation, this can be because the cadaveric sample possessed a bigger fatty 

component to the naked eye (body fat data was not available to perform further 

studies). 

The obtention of high-quality data, in a fast and safe manner is crucial for 

cosmetic field, with the advancements on the imaging technology several new 

manners, including ultrasonographic imaging and 3D scanners, that can be applied 

are available. However, still those are not widely used. Nevertheless, lately they 
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are gaining attention due to the time efficiency, patient comfort, and the 

simplification of the clinical procedure planning (Amornvit et al., 2019). 

Infraorbital region is the key structure of the face where the initial aging 

signs appear, and so on many procedures to avoid aging are performed in this 

area. Since facial rejuvenation procedures are generally performed without direct 

visualization, knowledge of the 3D structure of the infraorbital region (the locations 

of muscles and their relationships with neighboring structures and depth) is crucial. 

Most clinicians rely only on the observations of the rhytids or in the palpation of 

landmarks to predict the path of the muscles or the location of anatomical 

structures when performing procedures such as botulinum toxin and filler injections, 

which is inadequate. As seen in the present study and concordant to previous 

research (Hur et al., 2018; Kaplan, 2017), the same muscle can be at different 

depths during its path from origin to insertion, including due to anatomical 

alterations that might have occurred during previous procedures, as well as 

variations between the sexes. In addition, vessels could be running and undesired 

punctions may occur.  

We observed that the orbicularis oculi muscle was the most superficial 

muscle in all the landmarks where it appeared for both imaging techniques, so a 

superficial injection must be performed, especially for those procedures done on 

the landmarks located in the most medial part of the HL1 line where the most 

superficial depths were registered. A deeper injection can be targeting other 
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structures leading to undesired outcomes. In the case of P5, the levator labii 

superioris alaeque nasi and levator labii superioris muscles were seen together but 

at different depths. The levator labii superioris muscle was deeper located than 

levator labii superioris alaeque nasi muscle in both methods, so this point become 

critical as it is near the reference plane for the prezygomatic space where filler 

injections for the nasojugal groove are commonly performed (Kim et al., 2015). 

Therefore, if the levator labii superioris or the levator labii superioris alaeque nasi 

muscle is bad targeted problems into the elevation of the lip and the traction of the 

nose can arise (Kaplan, 2017). 

This study aimed to compare ultrasonographic imaging and 3D scanner 

system in order to stablish differences in the measurements done in the infraorbital 

soft tissues. Previous studies on different regions of the face, such as the forehead 

region, demonstrated the suitability of the ultrasonography for visualizing and 

investigating muscles of the face, yielding results immediately and thus allowing 

the monitoring and guidance of a procedure while it is being performed (Ahn et al., 

2020; Choi et al., 2019). Also, several research have demonstrated the feasibility, 

reliability and advantages of using 3D scanning in the assessment of the 

characteristics of the facial soft tissues (Petrides et al., 2021; Özsoy et al., 2019; 

Kusnoto et al., 2002; Lee et al., 2017) but not specifically in the infraorbital region. 

Due to the layered arrangement of the facial muscles, the thickness of the 

superficial fat pads, and the absence of a surrounding fascia, it is difficult to identify 
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the boundaries among the facial muscles through ultrasonographic images. 

Because of this, the clinician’s anatomical knowledge and clinical expertise are 

required. In the case of the 3D scanner, it is easier to recognize and assess the 

soft tissue components in those landmarks, but that cannot be done in vivo, 

different as the ultrasonographic imaging which provides in real time information of 

the patient.  

Therefore, the ultrasonographic imaging becomes a suitable option to 

assess the characteristics of the face in an easy and fast manner; however, the 

quality of the ultrasonographic images depends on the device used (including the 

transducer) and the technical and anatomical knowledge of the operator. High-

frequency hockey-stick ultrasonographic transducers provide high-resolution 

images of superficial components, such as the thin and small infraorbital region 

muscles and superficial soft tissues. Hence, this becomes one of the best options 

for guiding injections into small irregular surfaces due to its smaller footprint 

(Baloch et al., 2018). In the same way, the expertise of the researcher or clinician 

into the 3D scanners and anatomy of the face it is really important to obtain the 

data, if the procedure is not well performed the images can be blurry or the desired 

structures can be removed during the dissection procedures.   

The use of the ultrasonography for aesthetic and dermatological 

procedures and diagnoses is strongly recommended for performing safe and 

minimally invasive procedures (Iyengar et al., 2018). However, for ultrasonographic 
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examination or ultrasonography guided research, a certain amount of pressure is 

applied to visualize structures, which could lead to a distortion of the soft tissues 

due to the direct contact of the transducer with the skin surface. In the present 

research and in order to avoid the deformation or distortion of the infraorbital 

region’s soft tissues characteristics due to the pressure made by the transducer, 

we applied a generous amount of gel, obtaining clear images with minimal 

distortion because the transducer was not touching the skin directly. In the case of 

the 3D scanning, the dissection procedures were carefully performed to minimize 

the changes on the soft tissues of the infraorbital region.  

When examining the results, we can notice something that it is commonly 

said but usually not expressed into numbers. Our results were significantly different 

between the two methods, but if we go further, we can notice that it could be 

because the age of each sample group, and the sample itself, was totally different.  

That give us an important clue and validate one of the subjacent ideas for carrying 

out this research, guidelines for non-invasive procedures based on clinical 

anatomy sorted by sex and age are a real necessity, the same guideline or 

reference cannot and must not be used for all the patients, the face change due to 

facial aging and even each face has its own particularities. Also, the data obtained 

using the 3D scanning exhibited a high dispersion and low agreement. On the other 

hand, the information obtained using ultrasonographic imaging was more reliable 

due to its low dispersion and high agreement. Hence, the ultrasonographic imaging 
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could be considered as one of the most safety ways to obtain information from the 

patients, because it provides real time information allowing to guide the procedure 

and most important, the measurements and distances observed in the images are 

highly reliable. The data provided by the present research can be serve as basis 

to created clinical anatomy-based guidelines or to improve procedures on the 

infraorbital regions from young faces, and the 3D scanning data serves to improve 

published guidelines. And both together, will help to clinician and practitioners to 

consider the urge of using the technology to perform better and more safety 

procedures. 

The present study was subject to several limitations. First, the samples 

were different so our results reflect partially the level of agreement between both 

imaging methods, it would be interesting to reproduce this research on a set of 

data corresponding to the same subjects for both methods. Second, the 

information about the body fat of the cadaveric sample was not available so a 

further analysis related to the fat pads could not be performed, it would be 

interesting to know the relationship between the expansion and decrease of the 

facial fat pads according to several variables as body mass index, fat mass index 

and age. And finally, some of the images obtained were blurry, so a proper analysis 

of them could not be performed. Those pictures were excluded from the research. 
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V. CONCLUSION 

 

The main aim of the present research was to compare the validity and 

reliability of the 3D scanning and ultrasonographic imaging systems for the 

assessment of the soft tissues of the infraorbital region, by the establishment of 

differences on the measurements.  

A clear tendency to represent thicker skin and subcutaneous tissue or 

deeper located structure was detected in the measurements done with 3D 

scanning, when comparing with the ultrasonographic imaging. Also, a higher 

standard deviation and dispersion of the data was found on the 3D scanning, in 

the ultrasonographic imaging the data presented less variation, therefore, a higher 

level of agreement. However, using both methods an important tendency was 

identified: the thickness of the skin and subcutaneous tissue and consequently the 

depths of the muscles increase from upper to lower and from medial to lateral 

aspects. Nevertheless, significant differences were found in all the proposed 

landmarks when comparing both imaging methods, which indicates that the 

measurements done with one method cannot be considerate as valid or reliable to 

be applied in or substituting to each other while doing clinical or cosmetic 

procedures. 
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In conclusion, to achieve the best outcomes in most minimally invasive 

procedures, the ultrasonographic imaging analysis could be considered as one of 

the most efficient and reliable techniques to obtain information of the 

characteristics of the face due to its low variability, dispersion of data, and cost, as 

well as the better reproducibility in real time. 
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ABSTRACT (In KOREAN) 

 

눈확아래부위 물렁조직의 해부학적 분석을 위한 구조광 삼차원스캐너와  

초음파영상의 유효성 및 신뢰도 검증 

 

<지도교수 김 희 진> 

 

연세대학교 대학원 응용생명과학과 

 

Alonso Andres Hormazabal Peralta 

 

얼굴 노화는 모든 사람에게 자연스럽고 피할 수 없는 과정이다. 오늘날의 사

회에서는 인간의 평균수명 연장과 삶의 질 향상으로 실제 나이보다 젊어 보이

고, 노화방지에 대한 관심이 증가하고 있으며, 이를 위한 다양한 미용성형시술

이 시행되고 있다. 대표적인 시술방법으로는 보툴리눔독소와 필러 주사법이 

있지만, 잘못된 주사는 얼굴비대칭, 혈종으로 인한 멍과 부종, 심할 경우 실명

에 이르기까지 심각한 부작용을 초래할 수 있다. 시술 전, 환자의 물렁조직(피

부, 피부밑조직) 두께, 근육 및 주요 혈관의 위치를 정확히 파악하는 것은 성

공적인 시술을 위한 필수요건이지만, 현재까지 이와 관련된 해부학적 정보는 

대부분 맨눈해부 및 3D 스캔 방법을 통해 시신으로부터 얻은 자료라는 한계



86 

 

가 있다. 최근에는 초음파 기술의 발전으로, 초음파기기를 얼굴 진단에 적용하

고자 하는 다양한 연구가 시도되고 있다. 따라서 본 연구에서는 대상자로부터 

얻은 초음파영상 데이터와 시신으로부터 얻은 3D 스캔 데이터의 신뢰도 및 

타당성을 비교분석 하고자 한다. 얼굴부위 중 노화의 현상이 주로 시작되는 

눈확아래부위를 대상으로, 물렁조직 두께, 근육 및 주요 혈관의 위치를 분석하

였다. 

초음파연구에서는 88명의 한국인 대상자(남성 49명, 여성 39명, 평균나이 

27.5세)를 모집하였다. 광대뼈의 눈확아래모서리, 동공중간선, 안쪽 및 가쪽눈

구석을 기준으로 설정된 8개의 얼굴표지점(P1 – P8)을 대상자의 얼굴의 표시

하였으며, 각각의 표지점에서 초음파 영상을 촬영하였다. 3D 스캔 연구에서는 

38구의 한국인 시신(남성 22, 여성 16, 평균나이 72.5세)을 사용하였다. 스캔 

영상의 중합(superimpose)을 위해 왼쪽얼굴에서만 해부를 하였으며, 3D 스캔

은 다음과 같이 3단계로 진행하였다: 1) 해부 전 온전한 얼굴 스캔 2) 피부만 

제거한 후 피부밑조직층 스캔 3) 피부밑조직만 제거한 후 얼굴표정근육 스캔. 

시신 얼굴에도 동일하게 8개의 얼굴표지점을 설정하고, student’s t-test를 이용

해 성별에 따른 상관성을 분석하였으며, 결과는 시각적으로 이해하기 쉽도록 

box plot을 이용해 표현하였다. 

초음파 분석에서 피부는 P1과 P6, 피부밑조직은 P3와 P8, 근육의 경우 눈둘

레근은 P7과 P8, 위입술콧방울올림근은 P1, 작은광대근은 P4 표지점에서 남
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녀간의 유의한 차이가 발견되었다(P<0.05). 3D 스캔 분석에서 피부밑조직은 

P8과 P10, 눈둘레근은 P4와 P8, 위입술올림근은 P10, 작은광대근은 P8 표지

점에서 남녀간 유의한 차이를 보였다(P<0.05).  초음파와 3D 스캔 비교분석에

서는 피부 (P1과 P5 제외)와 피부밑조직의 모든 표지점에서 두 방법간 유의

한 차이가 관찰되었으며(P<0.05), 대부분의 근육 표지점에서는 유의한 차이가 

없었다(P>0.05). 

피부와 피부밑조직의 두께는 초음파 측정값보다, 3D 스캔 측정값에서 더 큰 

경향성을 관찰하였다. 이는 시신 해부의 특성상 높은 평균연령, 시신 고정과정

에서 발생하는 수분 함량, 해부과정에서 불가피하게 발생하는 조직의 당겨짐 

등 다양한 요소들의 작용 때문이라 여겨진다. 하지만 두 측정 방법에서 피부

와 피부밑조직 두께는 모두 위에서 아래로, 안쪽에서 가쪽으로 갈수록 두꺼워

지는 경향을 관찰하였으며, 이는 두 방법간 측정치에 대한 절대값의 차이는 

있지만 전체적으로 높은 상관관계를 가지는 것으로 해석된다. 하지만 본 연구

의 결과를 임상에 적용하기 위해서는, 앞서 시신 연구의 한계가 반영된 3D 스

캔 데이터보다, 실제 대상자로부터 얻은 초음파 데이터를 적용해야 한다. 
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