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Evaluation of Micro-focused Ultrasound for Lifting and 
Tightening the Face

INTRODUCTION
The signs of aged facial skin are not only fine lines and surface ir-
regularities, but also sagging and wrinkling [1]. Noninvasive skin 
tightening is superior to invasive or surgical skin tightening in terms 
of rapid return to work, short recovery time, and low risk of ad-
verse events. Because of these advantages, patients who desire a 

skin-tightening procedure prefer noninvasive skin tightening to in-
vasive or surgical skin tightening [1,2].
 To meet the demand of patients for noninvasive skin tightening, 
numerous devices have been developed. Laser and radiofrequency 
devices have been developed to resolve skin wrinkling and sagging 
[1-8]. Recently, micro-focused ultrasound (MFU) was developed 
as an effective noninvasive skin-tightening method. MFU is able to 
heat tissue greater than 60°C and produce a small thermal coagula-
tion zone (<1 mm3) to reach the mid- to deep reticular layers of 
the dermis and subdermis while minimizing overlying papillary 
dermal and epidermal injury [9-11]. The delivery of MFU to a tar-
geted zone in the superficial musculoaponerotic system (SMAS) 
provokes immediate contracture of denatured collagen and the ini-
tiation of neocollagenesis and collagen remodeling [10,12]. This 
action of MFU provokes noninvasive skin tightening and lifting of 
sagging facial skin.
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 Certain factors have limited its replacement of invasive surgical 
procedures, including a relative lack of efficacy, persistence, and re-
liability. The purpose of this study was to evaluate the efficacy and 
safety of MFU for noninvasive skin tightening and to determine 
how long the skin tightening can be maintained.

METHODS
Between October 2013 and November 2014, 41 patients with sag-
ging and laxity of the facial skin were treated with MFU using 4- 
MHz, 4.5 mm and 7-MHz, 3.0 mm depth transducers (Ultrafor-
mer®, Classys Inc., Seoul, Korea). Treatment was performed fol-
lowing the manufacturer’s recommended protocol that called for 
300 treatment lines. Patients with active systemic or local infec-
tions, local skin diseases that might alter wound healing, history of 
psychiatric illness, and soft tissue augmentation material were ex-
cluded from this study. 

Pretreatment preparation
Five percent lidocaine, as a topical anesthetic ointment (EMLA, 
AstraZeneca, Sdertlje, Sweden), was applied to the face for 45 min-
utes before the procedure. The ointment was washed off with mild 
soap and water immediately before the procedure.

Ultrasound exposure protocol
The ultrasound gel was applied to the skin. The transducer was 
placed firmly on the targeted skin surface and pressed uniformly 
for compling to the skin. Treatment exposure was initiated (4-MHz, 
4.5 mm depth transducers; 0.9 J/mm2 and 7-MHz, 3.0 mm depth 
transducers; 0.8 J/mm2), with a line of individual ultrasound pulses 
being delivered within approximately 2 seconds. Then, the trans-
ducer slid to the next location and was repositioned 3 to 5 mm lat-
erally such that it was adjacent and parallel to the previous treatment 
line. Complete treatment of the face required 15 to 20 minutes.

Posttreatment care
The ultrasound gel was washed off. Patients experienced mild red-
ness and swelling that could persist for several days. Patients were 
instructed to visit our hospital promptly if they encountered any 
other adverse effects.

Outcome evaluation
We evaluated the patients using an automatic skin diagnosis sys-
tem (A-One Lite®, BOMTECH Electronics Co., Seoul, Korea) at 

pretreatment, and 2 and 4 months after treatment. The automatic 
skin diagnosis system evaluated skin laxity using a scanner. The 
sagging and laxity of the skin were graded from 1 to 6 using the 
system. A high skin grade score means that the sagging and laxity 
of the skin are severe. The clinician examined the skin for evidence 
of edema, erythema, hypopigmentation, and hyperpigmentation 
after treatment.

Statistical analysis
Statistical analyses were performed using SPSS version 20.0 (SPSS 
Inc., Chicago, IL, USA). The Friedman test was used to compare 
the grade scores of patients at pretreatment, and 2 and 4 months 
after treatment. A P value less than 0.05 was considered statistically 
significant.

RESULTS
All patients were treated using MFU and three patients were lost to 
follow-up for non-study related reasons. In our study, 38 patients (1 
male and 37 female) were evaluated and ranged in age from 37 to 
52 years (Table 1). Thirty-five patients immediately presented with 
slight erythema and edema after treatment, and three patients im-
mediately presented with moderate erythema and edema after 
treatment. In all affected patients, both erythema and edema com-
pletely resolved by 2 days after treatment. Two patients presented 

Table 1. Patients Characteristics

Characteristic Value

Sex (Female, Male) 37, 1

Mean Age (range) 46 (37-52)
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Fig. 1. Comparisons of skin grade scores at pretreatment and 2 mon-
ths posttreatment, pretreatment and 4 months posttreatment 4 months, 
and 2 and 4 months posttreatment.

Table 2. The skin grade score 

Time
Pre-

treatment 
(Median)

Post-
treatment  
2 months 
(Median)

Post-
treatment  
4 months 
(Median)

P-value*,†,‡

Skin grade score 5*,‡ (4-5) 3*,† (2-3) 3†,‡ (3-4) < 0.01 

*,†,‡P-value by Wilcoxon signed rank test.
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Fig. 2. A 46-year-old female patient with moderate skin sagging and wrinkling. At pretreatment, she was examined by the automatic skin di-
agnosis system and was given a skin grade score of 5 (A). At 2 months posttreatment, the skin grade score was 2 (B). At 4 months posttreat-
ment, the skin grade score was 4 (C).

A B C

with red linear striations of the check after treatment with the 3 mm 
transducer. They were treated using focal cooling without sequelae 
such as pigmentation and textural abnormalities. Hypopigmenta-
tion, hyperpigmentation, ulceration, and erosion were not present 
in any patients. There were no adverse events, such as nerve or mus-
cle dysfunction, severe pain, bruising, and bleeding.

 The median skin grade scores were 5 (4-5) at pretreatment, 3 (2-
3) at 2 months posttreatment, and 3 (3-4) at 4 months posttreatment 
(Fig. 1 and Table 2). After comparing pretreatment and 2 months 
posttreatment, pretreatment and 4 months posttreatment, and both 
2 and 4 months posttreatment, there was a statistically significant 
difference in skin grade score (P<0.01) (Fig. 2 and 3).

Fig. 3. A 38-year-old female patient with moderate skin sagging and wrinkling. At pretreatment, she was examined by the automatic skin di-
agnosis system and was given a skin grade score of 4 (A). At 2 months posttreatment, the skin grade score was 2 (B). At 4 months posttreat-
ment, the skin grade score was 3 (C).

A B C
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DISCUSSION
The SMAS consists of viscous, elastic fibers and extracellular ma-
trix [10,13,14]. It is associated with specific facial muscles, such as 
the platysma, orbicularis oculi, and levator labii superioris. Colla-
gen within SMAS decreases 6% every decade [10]. This decrease in 
collagen contributes to a prominent nasolabial fold, and hooding 
of the brow and jowl [10,15,16].
 To minimize posttreatment adverse events, clinicians have de-
veloped various nonablative skin-tightening procedures to induce 
collagen shrinkage and remodeling [3,6,17]. Furthermore, ultra-
sound is able to penetrate into the subdermis layer and SMAS, and 
induce thermal coagulation to avoid undesired posttreatment ad-
verse events compared with carbon-dioxide laser resurfacing [17-
19].
 Ultrasound energy has characteristics that are suitable for skin 
lifting and tightening. First, it is believed that ultrasound energy 
can be transmitted into the deeper subcutaneous layer of the face 
or even the SMAS, and is the most effective method for skin lifting 
and tightening [13,14,20-23]. Second, both the epidermis and der-
mis can be protected from ultrasound energy during its transmis-
sion, reducing the risk of advertent cutaneous layers [1]. 
 Ultrasound used in medicine is classified into two types. One is 
high-intensity focused ultrasound (HIFU) and the other is MFU. 
HIFU uses high energy and is mainly used for nonsurgical ablation 
of tumors. HIFU can also be used to ablate adipose tissue for body 
contouring [10]. MFU uses much lower energy to treat the superfi-
cial layer of the skin [9] and is able to elevate the local temperature 
higher than 60°C to cause collagen contracture [24]. When energy 
is targeted to discrete areas within dermal and subdermal tissues, 
MFU induces discrete thermal coagulation zones while sparing 
adjacent nontarget tissues [9,11,12,25]. In addition, the heat induc-
es the denaturation and contraction of collagen fibers in the subcu-
taneous fat layer [26]. 
 According to the results of our study, skin tightening at 2 and 4 
months posttreatment was improved compared to pretreatment. 
However, skin tightening at 2 months posttreatment was better 
than at 4 months posttreatment, suggesting the efficacy of MFU 
gradually decreases treatment. Based on our results, we recommend 
that retreatment should be performed after 3 months for greater 
efficacy.
 Our study had limitations. First, our study did not include pa-
tients who had severe skin sagging and wrinkling. We recommend-
ed the surgical face-lift procedure for these patients. Second, the 
posttreatment results were evaluated with an automatic skin diag-
nosis system, but the reliability of the system has not been estab-
lished. Therefore, discrepancies may occur between the automatic 
skin diagnosis system and realistic skin conditions. Third, our study 
did not include any histologic evaluations. Fourth, the MFU device 
that we used in our study is not capable of clearly imaging the tar-

geted facial anatomy. We cannot ensure proper acoustic coupling 
between the transducer and skin before the application of MFU 
energy. Despite these limitations, the results were evaluated objec-
tively.

CONCLUSION
This study suggests that the aging face, with wrinkling and sagging, 
can be improved using MFU, while minimizing injury to the epi-
dermis and dermis. In addition, retreatment is recommended after 
3 months to maintain the efficacy of the results.

PATIENT CONSENT
Patients provided written consent for the use of their images. 
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