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Abstract

Background There are several treatment options to

improve a double chin, such as contour injections, thread

lifting, and double chin liposuction. However, the results of

these treatments can be minimal or have a short-lasting

effect. Additionally, these treatments may lead to worsened

scarring due to repeated skin penetration and can cause

prolonged discomfort. The high-intensity focused ultra-

sound (HIFU) is a non-invasive ultrasound lifting treatment

that can improve a double chin without the need for sur-

gical procedures, so the HIFU is considered a very safe

way to reduce the submental volume.

Objective This study aimed to identify the clinical and

photographic changes observed among patients who

received HIFU treatment and to evaluate the efficacy and

safety of HIFU for submental fat reduction.

Methods Thirty patients, aged from 25 to 60 years (20

females and 10 males), participated in a 4-week follow-up

(n=30). High-intensity focused ultrasound treatment was

performed on submental fat using two different focal depth

transducers, 4.5 mm and 6.0 mm, with MP (Micro Pulsed)

mode. We assessed the treatment effects using Vectra for

volume measurement, CR-SMFRS (Clinician Report-Sub-

mental Fat Rating Scale) on a 5-point scale (0–4), SSRS

(Subject Self-Rating Scale) on a 4–point scale (0–3), as
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well as monitoring weight and photography. Adverse

events were evaluated using questionnaires.

Results A total of 30 patients were enrolled in this evalu-

ation at the follow-up visit (4 weeks). The proportion of

treatment patients satisfied with appearances and signifi-

cant submental fat reduction was apparent when comparing

the initial CR-SMFRS ratings to the final CR- SMFRS

ratings. Initially, CR-SMFRS ratings were categorized as

10 mild, 10 moderate, 8 severe, and 2 extreme. After one

session of treatment, the final ratings showed improved

submental fat conditions, with 16 mild, 8 moderate, 5

severe, and 1 extreme. This change indicated a significant

improvement, with a p-value of \0.000005. The SSRS

showed an 82% improvement level, and most patients

experienced immediate improvements. No significant side

effects or adverse events were reported. Expected common

side effects were noted but resolved within 2 weeks.

Conclusion The HIFU treatment using the 4.5 and 6.0 mm

focal depth transducers was safe and effective in reducing

the submental fat based on the results.

Level of Evidence III This journal requires that authors

assign a level of evidence to each article. For a full

description of these Evidence-Based Medicine ratings,

please refer to the Table of Contents or the online

Instructions to Authors www.springer.com/00266.

Keywords Non-invasive � High-intensity focused

ultrasound (HIFU) � Double chin � Submental fat

reduction � Skin tightening

Introduction

A double chin, submental fat occurs when excess fat

accumulates between the chin and neck. This excess fat

under the chin can be caused by aging, rapid weight gain,

and genetics. As a result, the neck may appear thicker, and

the chin may sag, leading to a more rounded and less

defined appearance. Accumulation of subcutaneous fat in

the submental area can lead to the loss of lower facial

contour and mandibular definition. This condition gives the

appearance of obesity and aging regardless of age and sex,

and it has been shown to contribute to negative aesthetic

and psychological effects [9]. Liposuction can improve the

cosmetic appearance, but it requires anesthesia and an

operating room setting and is quite expensive. Fearful of

surgery, downtimes, and its complications, patients seek

less invasive methods [7]. As a nonsurgical technique,

HIFU calls for less recovery time than a surgical facelift. It

delivers energy to various layers of the skin, including the

upper and lower dermis, the fibrous muscular layer, and

even deeper fat layers. By creating thermal coagulation

points with ultrasound, HIFU stimulates the regeneration of

collagen fibers, allowing for targeted treatments such as

reducing a double chin.

Several modalities have been used for non-invasive fat

reduction. Due to its safe and non-invasive nature, HIFU

treatment for cosmetic purposes, including the reduction of

submental fat, has gained widespread popularity around the

world. The principle of HIFU is to induce cellular damage

and volume reduction of the target area selectively using

coagulation by generating instant microthermal lesions at

the targeted area. Various penetration depths are targeted

by utilizing different size focal depth transducers. The 4.5

and 6.0 mm focal depth transducers contribute to the

reduction of submental fat and tightening of tissues [13].

Also, the 6.0 mm focal depth transducer demonstrates the

fat reduction in a certain part of the body [2, 12].

Recently, a study also observed the effects of fat

reduction after HIFU treatment. In that study, histological

changes in pig skin samples were examined, revealing not

only the destruction of fat cells following HIFU treatment

but also additional findings such as new collagen formation

and elastin fiber regeneration [5]. These results are con-

sistent with clinical findings reported by other researchers,

demonstrating that HIFU is effective in improving skin

elasticity and enhancing facial contours. Therefore, this

study evaluated the fat reduction effects and adverse events

of HIFU in Asian patients with submental fat.

Methods and Treatment Protocol

A total of 30 Asians patients participated in this study.

Patients were evaluated before the treatment using the

objective CR-SMFRS (Clinician Reported - Supplemental

Submental Fat Reduction Score) scale, with the resulting

scores set as the baseline, ranging from absent to extreme

(0–4 points). The CR-SMFRS is a standardized tool used

by healthcare professionals to assess the severity of sub-

mental fat, commonly known as a ‘‘double chin.’’ This

scale evaluates submental fat based on submental con-

vexity and the amount of localized fat. One month after the

treatment, the CR-SMFRS scale was evaluated again to

determine changes in the scores and objectively assess the

clinical efficacy of HIFU in treating a double chin.

Patients described overall changes and satisfaction

levels regarding their submental fat using the SSRS (Sub-

ject Self-Rating Scale), ranging from 0 to 3 scores. The

SSRS is a patient-reported outcome measure designed to

assess an individual’s satisfaction with the appearance of

their submental region, commonly referred to as the area

under the chin. This scale is frequently utilized in clinical

studies to evaluate the effectiveness of treatments aimed at

reducing submental fat. Key exclusion criteria included a

history of keloid scars, pregnancy, open wounds or lesions
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in the treatment area, skin infections, hemorrhagic disor-

ders, and patients with a body mass index (BMI)[35 kg/

m2. Additionally, individuals undergoing weight reduction

programs or considering a diet were excluded.

Informed consent was obtained from all patients, and

they were informed about the expected outcomes, possible

side effects, and adverse effects. The study protocol

adhered to the guidelines of the Declaration of Helsinki.

All evaluations and photographs, including immediate

post-treatment, were conducted through a questionnaire

after one month of follow-up.

In this study, a single HIFU device (Ultraformer MPT:

Classys, Inc., Seoul, Korea) was used with MP mode. The

clinician utilized two different types of focal depth trans-

ducers, 4.5 and 6.0 mm, delivering 100 and 120 shots

(0.5J/0.7J), respectively, to the submental fat. All patients

received a single treatment after applying a topical anes-

thetic cream for 30–40 min. To avoid the marginal

mandibular nerve, a 1.0 cm area along the mandibular

nerve was spared from the treatment zone (Fig. 1). Addi-

tionally, the 4.5 mm focal depth transducer delivering 30

shots (0.7J) in normal mode was used on the jawline to

achieve a synergistic effect and skin tightening (Fig. 2). On

average, a total of 250 shots were delivered.

Statistical analyses were conducted using SPSS software

version 26 (IBM, Armonk, NY, USA). Paired t-tests were

done for comparing data before and after treatment. Results

are expressed as mean ± standard deviation, with p values

less than 0.05 regarded as statistically significant.

Results

Patient Characteristics

A total of 30 Asian patients were included in this study,

and they completed the treatment without any dropouts.

Their skin types were either Fitzpatrick skin type III or IV.

The mean age of the patients was 42 years, and they were

all female, with the mean BMI of 26. The demographic

data of the patients is shown in Table 1. The before and

after the treatment of the patients are supplied in Supple-

mentary Figs. 1–6.

CR-SMFRS and SSRS

In the CR-SMFRS evaluation, the mean score before

treatment was 2.37, and the mean score one month after

treatment was 1.37. The difference between pre-treatment

and post-treatment scores indicated a significant improve-

ment, with p\0.000005. The CR-SMFRS (Clinician

Report-Submental Fat Rating Scale) of the patients are

shown in Table 2.

One month after the treatment, the SSRS score collected

from the treated patients was 72 out of 90, indicating that

most patients, 82%, were satisfied with the results. Among

the 30 patients treated, 15 patients responded noticeable

improvement (score 3), 14 patients responded mild

Fig. 1 Treatment diagram for

the double chin. The area

marked with an X was where

shots should not be delivered.

Using the yellow 6.0 mm and

blue 4.5 mm focal depth

transducers with MP mode,

100-120 shots were delivered

according to the diagram above

Fig. 2 Treatment diagram l for the cheek fat. The deflated cheek area

was marked with an X, and no shots were delivered to that area. Using

the blue 4.5mm focal depth transducer with MP mode, 30 shots were

delivered to the left and right jaw areas according to the diagram

above
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improvement (score 2), and 1 patient responded no change

(score 1).

Clinical Efficacy

All clinical photographs, including the three-dimensional

images using Vectra, were taken before the HIFU treatment

and one month after the treatment. When comparing the 2D

clinical photographs before and after the treatment, a

noticeable reduction in submental fat was observed. Par-

ticularly, as shown in Fig. 3, the Vectra analysis also

demonstrated consistent results with the 2D clinical pho-

tographs, showing changes in submental fat volume and

facial contour.

Safety Profile

During the treatment, patients were observed to experience

only minimal pain, and none requested analgesics or

sedation. The side effects experienced by patients included

mild pain in 46%, erythema in 39%, and edema in 15%, all

of which resolved within 3 days. No nerve damage or

persistent numbness was reported. In addition, it was

confirmed that all patients returned to their daily activities

immediately after the treatment without any downtime.

Detailed information on the safety profile is shown in

Fig. 4.

Discussion

As interest in anti-aging continues to grow, the number of

both invasive and non-invasive procedures has steadily

increased with the emergence of various treatment methods

[9]. HIFU (High-Intensity Focused Ultrasound) is a non-

invasive procedure that can focus energy on the superficial

musculoaponeurotic system (SMAS) layer with minimal

damage to the skin surface and without affecting sur-

rounding tissues. As widely known, ultrasound energy

induces molecular vibrations at the target site, raising the

temperature of the target tissue, which leads to collagen

regeneration, tightening of sagging tissues, and coagulative

necrosis of fat cells [10, 11].

The results of this study demonstrated that the 4.5 and

6.0 mm focal depth transducers are effective in providing

satisfactory tightening and rejuvenation for unwanted

submental fat. Over 80% of patients who received only a

single session showed improvement and satisfaction in

both clinical and patient assessments, as evidenced by the

evaluation scales and clinical photographs. Regarding the

safety profile, most patients experienced mild pain during

the treatment and mild, transient side effects afterward.

Additionally, no serious complications such as scarring,

persistent numbness and tingling, or nerve damage were

reported following HIFU treatment. These mild pain and

temporary side effects are advantages unique to HIFU

treatment, which are less likely to occur with other invasive

rejuvenation procedures [1, 4].

In addition to the tightening effect observed with

existing therapies through collagen remodeling in stimu-

lated skin, the 4.5 and 6.0 mm focal depth transducers with

MP function based on this protocol were found to have

significant skin lifting effects during follow-up. The heat

generated from the absorbed ultrasound energy at each

depth in the skin layers causes the liquefaction and

destruction of fat cell membranes [3]. Specifically, the MP

mode used in this study creates approximately 400 thermal

coagulation points per shot, which are densely and pre-

cisely delivered, enabling more powerful energy trans-

mission. This can further maximize the lipolytic effects in

areas, such as double chins, sagging cheeks, and deep

Table 1 Characteristics of the patients

Characteristics of the patients

Subjects, n = 30

Age, mean 42

Female, n 20

Race Asian

BMI, mean kg/m2 26

Table 2 The table provides the

statistical analysis of the

Clinician Report-Submental Fat

Rating Scale (CR-SMFRS)

scores before and after

treatment with HIFU

Before treatment After treatment

Means 2.37 1.37

Variance 0.86 0.65

Pearson correlation coefficient (PCC) 0.87

t-statistics 12.04

P(T\=t) two-tailed 0.0000000000008329794
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cheek fat. For these reasons, HIFU is recognized as a

precise and safe treatment option for skin lifting, tighten-

ing, and fat tissue removal.

These clinical effects can also be observed in a recent

study, which analyzed the histological changes in porcine

skin samples following high-intensity focused ultrasound

(HIFU) treatment. The results demonstrated a significant

fat reduction effect. Notably, the group treated with

transducers at focal depths of 4.5 and 6.0 mm with the MP

mode, exhibited a more pronounced fat reduction effect.

Furthermore, the study confirmed additional changes fol-

lowing HIFU treatment, including not only the destruction

of adipocytes but also the formation of new collagen and

the regeneration of elastin fibers [5].

Another study involving 50 patients examined the

effects of HIFU treatment on fat reduction in the neck and

submental region. The findings revealed a significant

improvement in neck contour and a noticeable reduction in

submental fat following HIFU treatment [8]. Moreover,

HIFU treatment resulted in a reduction of wrinkles and an

increase in skin elasticity in the neck region, which con-

sequently improved the jawline appearance when viewed

from the side [8]. These research findings support the

efficacy of HIFU treatment in providing lifting and reju-

venation effects across various facial regions. Furthermore,

they establish HIFU as an effective therapeutic approach

for improving skin elasticity and facial contouring.

Recent aesthetic trends indicate that patients increas-

ingly prefer non-invasive procedures that are effective,

comfortable, safe, and require minimal recovery time [6].

In this study, all patients were able to return to their daily

activities immediately after treatment without any down-

time, further enhancing the safety profile and making HIFU

a highly reliable treatment option for patients.

This study, however, has several limitations. First, due

to the individual characteristics of patients’ skin and

varying degrees of aging, conducting a direct comparative

clinical trial was nearly impossible. Consequently, we had

to rely on within-group comparisons of clinical effects

before and after treatment. Second, we did not compare the

efficacy of the 4.5 and 6.0 mm focal depth transducers used

in this study, and the sample size was small, analyzing only

Fig. 3 2D clinical photographs

and Vectra 3D analysis. The

results from the analysis of 2D

clinical photographs and Vectra

3D images show changes in

submental fat volume and facial

contour after a single HIFU

treatment. Areas highlighted in

red indicate more significant

changes in volume and contour

Fig. 4 List of side effects. The result of the side effects experienced

by patients during or up to one month after HIFU treatment through

the follow-up visit
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the skin types of Asian patients. Therefore, additional

research with a larger and more diverse patient population

is needed to understand the clinical outcomes across dif-

ferent ethnic groups. Third, this study included only a

30 day follow-up period, which limited our ability to

observe any long-term side effects.

Conclusion

We conducted this study to evaluate the clinical efficacy

and safety of HIFU treatment for unwanted double chin

using transducers with penetration depths of 4.5 and

6.0 mm. The results demonstrated that even after a single

treatment session, there was an improvement in the double

chin as measured by the objective CR-SMFRS scale, and

patients also reported high levels of subjective satisfaction

with the improvement. Side effects were observed to be

temporary and mild, with all side effects resolving within

three days. By combining various penetration depths and

treatment sessions according to the patient’s skin charac-

teristics and degree of aging, it is likely that more effective

results can be achieved, maximizing the overall aesthetic

effect on the patient’s face.

Supplementary Information The online version contains

supplementary material available at https://doi.org/10.1007/s00266-

025-04890-0.
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