Techniques for the safety use of high-frequency
ultrasound-guided for facial procedures: A
Technical Note

ABSTRACT |

Background:The knowledge of facial anatomy and its correlation with ultrasonography is crucial for
several professionals in clinical practice. Therefore, understanding facial anatomical structures through
dynamic ultrasonography images is essential for the clinical practice of guided aesthetic facial
procedures. The purpose of this study is to demystify and provide a clear understanding of high-
frequency guided ultrasound in facial aesthetic procedures, using visual aids and analogies to simplify the
learning process.

Study design:The authors present a technical note outlining a protocol for the safe use of high-frequency
ultrasound-guided facial procedures.

Discussion:Proper training is necessary for the use of high-frequency ultrasound in facial procedures to
enhance the quality of treatments and achieve more positive outcomes. This technology allows real-time
monitoring of the muscular and vascular anatomy while applying injectable products on the face, helping
to prevent complications such as vascular occlusions. However, guided aesthetic procedures often face
challenges due to operators' lack of experience and knowledge of correct protocols. To address this, we
provide a step-by-step approach to performing ultrasound-guided procedures more efficiently. The
pedagogical approach used in this manuscript, utilising a flight plan analogy, provides a clear and concise
understanding of the practical application of ultrasound (US) in facial aesthetics, making the learning
process simple and effective.

Keywords: Aesthetics, Ultrasound-guided, Facial aesthetics, Safety

1. INTRODUCTION

Historically, the pioneering research into the utilisation of ultrasound in the healthcare field for medical diagnostic
purposes was conducted by Karl Theodore Dussik in 1942 [1].

Since then, the fundamental principles of ultrasound have been based on generating ultrasonic waves produced by a
transducer, which transmits the waves to the target area for evaluation [2]. The transducer then receives sound echoes
reflected from these structures, producing anatomical images, including soft tissues, vessels, collections, tumors, and
other structures [3].



This understanding of the physical principles has led to the development of other innovative ultrasound modalities, such
as contrast-enhanced ultrasound, Doppler for studying blood flow, elastography for the non-invasive determination of
tissue elasticity, and real-time guidance in interventional procedures [4].

As a result, medicine has greatly benefited from the increased use of ultrasound in clinical practice across various
specialties, including its application in both diagnostic and therapeutic processes [5]. A good example is using ultrasound-
guided invasive procedures in dermatological and aesthetic treatments [6,7].

The face contains numerous anatomical variations and anastomoses within its various layers and compartments [8-12].
The use of high-frequency Doppler ultrasound during injectable procedures is likely to minimise the occurrence of
vascular complications. Ultrasound imaging can confirm the aesthetic materials' accurate positioning within the targeted
facial layers. In cases where complications have already arisen, ultrasound can diagnose the most likely underlying cause
and guide the appropriate treatment [13-15].

2. STUDY DESIGN:

Technical note for the safety use of high-frequency ultrasoundguidence for facial procedures.

There are some factors that must be considered to make a correct diagnosis using guided ultrasound, such as the device:
23MHz, ultrasound transducer, ultrasound sterile gel’, the use ofan injection simulator for practising, syringe, and cannula
22G.

*It is worth noting that invasive procedures pose a risk of infection due to introducing foreign objects into the body. The
sterile gel acts as a barrier between the instrument and the body, minimising the transmission of microorganisms that may
cause infections.

There are some general considerations when choosing a portable ultrasound machine for facial aesthetic procedures:

Image quality: Look for an ultrasound machine that produces high-quality images of the facial area to help guide your
procedures accurately.

Portability: Consider a lightweight, compact ultrasound machine that can easily move around the clinic or office.

User-friendliness: Choose an ultrasound machine that is easy to use and has intuitive controls to reduce the learning
curve.

Versatility: Look for an ultrasound machine that has different probes or attachments that can be used for a variety of
facial aesthetic procedures, such as skin rejuvenation, facial contouring, or wrinkle reduction.

Price: Consider the cost of the ultrasound machine and whether it fits within your budget.

3. PROCEDURE
3.1 Making learning simple

To help simplify the learning process, a novel and pedagogical approach will be presented to illustrate the technique of
ultrasound-guided procedures. Using a flight plan analogy, this method provides a clear and concise understanding of the
practical application of ultrasound in facial aesthetics.

The probe is akin to a radar or GPS system, while the needle serves as the airplane. To ensure a safe and successful
procedure (similar to a safe flight), it is crucial to have a well-defined plan in place (basic preparation), initiate the
procedure with confidence (needle introduction), navigate any obstacles that may arise (identify and map vessels through
Doppler technology), make any necessary adjustments during the procedure (when the view of the needle is lost), and
ultimately achieve a successful outcome (see Figure 1).
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Fig.l. Essential Steps for a Successful Ultrasound-Guided Procedure Flight Plan (Kindly provided by Dr Vivian
Almeida Castilho).

3.2 Body posture and holding the probe

Hand-eye coordination can pose a significant challenge for inexperienced practitioners. However, proper ergonomics can
greatly aid in improving performance and minimising the risk of error.

Keeping the elbows close to the body is recommended to ensure optimal hand-eye coordination and reduce the likelihood
of needle misalignment during the procedure. The probe should be firmly gripped between the thumb and the second and
third fingers (Figure 2). Additionally, it is advisable to rest the hand on the patient for stability and use the fourth and fifth
fingers for additional support. These simple measures can greatly improve the accuracy and precision of the method

y
Fig. 2.Anatomy recognition (Kindly provided by Publisher Napoleon Quintessence).

The first step in ensuring a successful ultrasound-guided procedure is to accurately identify the anatomical layers in the
targeted region where the injection will be performed. This information can be obtained through Doppler technology, which
allows for a clear mapping of the area of interest and the identification of the path of vessels and their exact location within
the anatomical planes. Figure 3 provides a visual representation of the different layers of the face, allowing for a clear
understanding of the anatomy and the importance of proper needle placement [2,16,17].
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Fig. 3.0ptimising the ultrasound image (Kindly provided by Publisher Napoleon Quintessence).

3.3Check the basic machine parameters

Frequency (must be high, greater than at least 15 Mhz)
Depth (center the area of interest on the screen)
Gain (adjust to your visual preference)

Focus (center the focus on the level of your interest area)

Determine your approach: in-plane (the US beam is longitudinal to the needle) or out-of-plane (the US beam is transverse
to the needle). In-plane is the preferred option as it allows for easier visualisation of the entire needle and its tip in real-

time, as illustrated in Figure 5 [2].
|

Fig. 5.In-plane (Longitudinal plane) or out-of-plane ultrasound technique (Transverse plane) (Kindly provided by
Publisher Napoleon Quintessence).
3.4Reach your target using the In-plane approach (Longitudinal)



Ensure you have selected the appropriate needle diameter and length to suit the probe diameter and length. To further
ensure accuracy, you may choose to measure the distance from the target to the probe's limit, as illustrated in the figure
below (Figure 6). This will give you a better understanding of the needle's reach and will confirm that you have the
necessary tools for completing the procedure [2,16,17].

— PRR——
L er————— —

distance from the target to the probe limit

Fig. 6. Distance from the target to the probe limit(Kindly provided by Dr Vivian Almeida Castilho).

3.5Consideration of target depth and angle (Figure 7)
Position the target in the centre of the screen for optimal visualisation.
Always insert the needle parallel to the ultrasound beam for optimal visualisation of the needle.

For shallow targets (typically less than 2 cm in depth), use a low insertion angle, approaching as close to parallel with the
probe as possible.

For deeper targets, increase the insertion angle; the deeper the target, the harder it becomes to visualise the needle due
to the physics of the US beam.

Refer to the accompanying figure for visual aids and further clarification [1,16,17].
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Fig. 7.Shallow angle and the steeper angle of the needlesite of skin insertion (Kindly provided by Publisher
Napoleon Quintessence).

Gently lower your gaze to the probe and skin. Carefully insert the needle into the centre of the probe, aligning it precisely
with the beam, as shown in Figure 8.



Fig. 8.Site of skin insertion (Kindly provided by Dr Vivian Almeida Castilho).

3.6 Plane Take-off

As the needle is inserted, it is crucial to monitor its tip for efficacy and safety constantly. During the injection process, the
operator should focus on the screen rather than their hands.

To ensure accuracy, be cautious not to misinterpret the needle's positioning. If the needle appears to be oblique to the
beam, it may actually be part of the needle shaft (Figure 9).

needle tip

Fig. 9.Monitoring the tip for both efficacy and safety purposes (Kindly provided by Dr Vivian Almeida
Castilho).

Ensure that the needle bevel faces upwards (towards the epidermis), as this direction creates a useful diagnostic artefact
known as the "double echo". This double echo indicates that the needle tip is being viewed, not its shaft, as shown in
Figure 10.



Fig. 10.Needle bevel facing upwards. Avoiding and negotiating obstacles (Kindly provided by Dr Vivian Almeida
Castilho).

Be mindful of potential hazards along the injection path, such as arteries and veins. Turning on the Colour Doppler before
starting the injection can assist in bypassing vessels or avoiding unwanted intravascular injection, as demonstrated in
Figure 11.
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Fig. 11.Potential hazards along the injection path (Kindly provided by Dr Vivian Almeida Castilho).

3.7 Route Adjustment

During the injection process, there may be times when adjustments need to be made. It is important to remember that the
needle tip location is constantly changing. If you lose needle-beam alignment, use the following four probe movements,
remembered by the acronym PARTS:

P - Pressure: apply very light pressure (to avoid compressing veins and even arteries in the face).

A - Alignment with sliding: This is the primary movement for re-aligning the needle and beam. Always make
"micromovements” (small, millimetric movements).

R - Rotation: only used if there is a significant misalignment.

T - Tilting: The main objective is to define layer boundaries. Maintaining the tilt used at the beginning of the procedure is
essential.

S - Seesaw movement of the needle: If none of the above probe movements helps in visualisingthe needle tip, use the
seesaw motion of the needle, moving it up and down while observing its action on the screen.



This will help to locate the needle tip and realign the needle with the probe again. Another possible movement is jiggling
the needle. Upon successfully observing the product injection in real-time in the appropriate anatomical plane, carefully
remove the needle and maintain your training regimen. Before progressing to live patient training, practising on a phantom
or simulated tissue is recommended.

4. DISCUSSION

When administering cosmetic products without visualisation, there is a risk of accidentally depositing the product in
unintended anatomical or intravascular areas. Due to a limited number of trained professionals in this technology, sharing
tips and best practises can make the technique more accessible and widely used.

It is essential to extend the application of high-frequency ultrasound (US) to the facial area to ensure the safety and
optimal image quality required for these procedures. The lack of literature on this topic emphasises the need for additional
publications to advance our understanding of high-frequency ultrasound in facial aesthetics [18, 19, 20].

The popularity of facial aesthetic procedures using fillers has increased significantly in recent times. However, this rise
has also led to an increase in immediate aesthetic complications, such as embolisation of materials in arteries and veins,
and late complications, such as nodules and excess products that require further removal [3, 21, 22].

The use of high-frequency ultrasound-guided facial procedures has changed the field of aesthetic medicine, providing
practitioners with potentially more precise and effective methods for enhancing patient outcomes while reducing the
likelihood of adverse events [2, 21]. To ensure the safety of these procedures, the use of sterile gel is crucial in reducing
the risk of tissue damage during invasive medical procedures [23]. When instruments come into contact with body tissue,
friction can cause tissue trauma and increase the chances of infection. Sterile gel plays a vital role in preventing such
issues by offering lubrication, which effectively mitigates the risk of infection [24].

Several studies have emphasised the importance of using sterile gel during invasive procedures. A research conducted in
India revealed that sterile gel reduced catheter-related infections by 46% compared to non-sterile gel [20]. Similar
investigations conducted in various countries have also shown that sterile gel is crucial in minimising the risk of infections
[25,26].

Filler materials are substances with different rheological qualities that can lead to various clinical outcomes. They are
categorised based on their intended use. Therefore, it is essential to perform a guided ultrasound procedure to confirm the
precise site of injection. The rheological characteristics of filler materials, such as viscosity and elasticity, significantly
influence their clinical efficacy, resulting in different behaviours when injected into specific body areas. As a result,
selecting a suitable filler product for a particular indication requires careful consideration of the clinical implications of
using materials with varying mechanical properties [27,28].

Additionally, a US-guided procedure can be conducted before and after injection to ensure the proper placement of the
filler material and prevent migration from the intended site. Ultrasound technology is used to visualise the injection site,
facilitating the identification of the exact location of the filler material. The accurate placement of the filler material at the
targeted injection site is fundamental for achieving optimal clinical outcomes [27,28]. Hence, there is a need for increased
education and training in using high-frequency ultrasound for facial procedures [29,30].

The proposed didactic approach could serve as a valuable framework for addressing this knowledge deficiency by
providing education and training on using high-frequency ultrasound in facial aesthetics. By improving the understanding
of clinicians and researchers, this approach could promote the safe and effective use of high-frequency ultrasound in
facial procedures.

The limited existing literature highlights the importance of expanding and refining the use of this technique while ensuring
safety and optimal image quality. Proposing the extension of high-frequency ultrasound application to the facial area is
imperative to address the knowledge deficit. Therefore, this paper advocates for a didactic approach to advance our
understanding of high-frequency ultrasound in facial aesthetics, reinforcing the need for additional publications to enhance
the body of knowledge in this area. The pedagogical approach used in this manuscript, utilising a flight plan analogy,
provides a clear and concise understanding of the practical application of US in facial aesthetics, making the learning
process simple and effective. Guiding a needle to its target and administering an injection can be challenging, especially
when the needle tip is difficult to visualise. To shorten the learning curve and enhance performance, having access to
practical and instructional tips is paramount. Just as with flying, where logging flight hours is crucial in developing skills



and proficiency, obtaining hands-on experience and guidance in needle guidance and injection techniques is equally
important.
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