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Background: Despite the increasing need for the improvement of enlarged facial pores, the treatment remains challenging. A few
previous studies have reported the effects of micro-focused ultrasound with visualization (MFU-V) or intradermal incobotulinumtoxin-
A (INCO) on enlarged facial pores.

Objective: To evaluate the efficacy and safety of combined treatment with superficial MFU-V and intradermal INCO for enlarged
facial pores.

Methods: This single-center retrospective study included 20 patients treated with MFU-V and intradermal INCO to improve enlarged
facial pores. Outcomes were evaluated 1, 4, 12, and 24 weeks after a single session of the combined procedure. Pore count and density
were objectively quantitated using a three-dimensional scanner, and improvement was assessed using the physician and patient Global
Aesthetic Improvement Scale (GAIS).

Results: The mean pore count and density decreased after one week and decreased by up to 62% until 24 weeks. After one week,
almost all patients (100% in physician GAIS and 95% in patient GAIS) showed improvement with a grade 3 (much improved) or
higher. All adverse events were transient.

Conclusion: Combined treatment with MFU-V and intradermal INCO could be effective and safe for reducing enlarged facial pores;
the improvements can be sustained for up to 24 weeks.
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Introduction
‘Enlarged facial pores’ are visible topographic features on the skin surface, corresponding to enlarged openings of pilosebaceous
follicles.! They are one of the greatest cosmetic concerns for many individuals, as evidenced by numerous cosmetic products
designed to conceal enlarged pores.” Enlarged facial pores can deteriorate facial skin quality, negatively affecting an individual’s
appearance and self-image, which can impede social interaction and ruin the quality of life.> Although the pathogenesis of
enlarged facial pores is still unclear, three factors are thought to be the main pathology: 1) high sebum production, 2) decreased
skin elasticity around pores, and 3) increased hair follicle volume.'” Other factors, including chronic recurrent acne, sex
hormones, and skin care regimens, such as inappropriate use of cosmetics, washing habits, and sun exposure, also affect pore
enlargement.'®

Diverse treatment methods to reduce pores have been reported, including topical/systemic retinoids, chemical peeling,
botulinum toxin, filler, and energy-based devices, such as intense pulse light, diode, radiofrequency, fractional laser, and micro-
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focused ultrasound with visualization (MFU-V)."*°"' However, there are no established treatments, and treatment of enlarged
facial pores is still challenging." Particularly, enlarged pores easily recur after treatment discontinuation, which negatively
impacts treatment satisfaction.”” Given the multifactorial pathophysiology of enlarged facial pores, combining treatments might
be more effective than a single modality.! MFU-V and intradermal incobotulinumtoxin-A (INCO) have been shown to
independently improve enlarged pores to varying extents,'®'” but the combined use of both modalities has not been assessed.
Both modalities are reported to involve minimal downtime, potentially making this combination a suitable treatment option for
patients who cannot afford long recovery periods. As such, this study aimed to investigate the efficacy and safety of combined
treatment with MFU-V and INCO for enlarged facial pores in Asians.

Materials and Methods
Study Subjects

This was a single-center, retrospective clinical study. The patients who visited Apkoo-Jung Oracle Dermatology Center between
April and November 2021 and received facial treatments with combined intradermal INCO and MFU-V for enlarged facial pores
were reviewed. Among these patients, those who had regular follow-ups at the clinic four times (after 1 week, 4 weeks, 12 weeks,
and 24 weeks) after the procedure were included. If the date of follow-up differed by more than 3 days (after 1 week), 5 days (after
4 weeks), or 7 days (after 12 weeks or 24 weeks) of the scheduled date, the results for the patient were not included. Patients who
underwent botulinum toxin injections or other cosmetic procedures in the face in the preceding 12 months were also excluded. The
present study was conducted in the respect of the Declaration of Helsinki. This study received approval from the Institutional
Review Board (IRB) of the Korea National Institute for Bioethics Policy (No.: P01-202210-01-007). As this research was
a retrospective study, the IRB waived the requirement for obtaining informed consent. However, we obtained consent forms,
which included the review and publication of medical records and photographs, from patients and ensured the confidentiality of all
patient data.

Treatment

The face was cleansed with isopropyl alcohol, and anesthetic cream (Lidocan cream [lidocaine 96 mg/g]; Dachan Newpharm,
Gyeonggi, South Korea) was applied for 30 min before injection. First, MFU-V (Ultherapy™; Ulthera, Inc. and Merz North
America, Inc. Raleigh, NC, USA) was performed on the clinically identified enlarged pore area on both anterior cheeks. We
marked the area with a surgical pen before treating it with MFU-V, followed by an intradermal injection of INCO. Twenty-five
treatment lines per 2.5x2.5 cm? square (ie, 100 lines per cheek) were delivered to the deep dermis using a 10-MHz/1.5 mm
transducer at a setting of energy level 2 (0.18]), focusing on the areas where the pores were most noticeable and avoiding the
medial part of nasolabial fold (Figure 1). Treatment was delivered in at least two passes or a cross-hatched pattern to minimize
patient discomfort and prevent excessive stacking. Then, intradermal injections with INCO (Xeomin) were administered to the
same areas that received MFU-V therapy. Each 100-U vial of INCO was reconstituted using 5 mL of bacteriostatic saline. Then,
the reconstituted INCO was administered at 20 injection points per side intradermally, 0.5 U (0.025 mL) per injection point. The
injection dose was 10 U per side (Figure 1).

Figure | Protocol of the combined treatment with micro-focused ultrasound with visualization (MFU-V) and intradermal incobotulinumtoxin-A (INCO). Both anterior
cheeks were divided into four square areas of 2.5%2.5 cm?. First, MFU-V treatment was administered by 25 treatment lines per square using a 10-MHz/1.5 mm transducer.
Then, 2.5 U of diluted INCO was intradermally injected in each square. In total, 100 lines of MFU-V and 10 U of INCO were administered on each cheek.
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Assessment

The clinical outcome was evaluated at baseline and 1, 4, 12, and 24 weeks after a single session of the combined
treatment with MFU-V and INCO. Facial pores (count and density) were objectively evaluated using a three-dimensional
scanner (Morpheus 3D; Morpheus Co., Gyeonggi, South Korea). This device contained software that automatically
analyzed three-dimensional facial images, including the measurement of facial pores. The Global Aesthetic Improvement
Scale (GAIS) was scored by the physician (physician GAIS, assessed by JY Park) and each patient (patient GAIS), using

a 5-grade scale as follows: 0, worsened; 1, no change; 2, improved; 3, much improved; and 4, very much improved.]o’]3

Statistical Analysis

Statistical analysis was performed using SPSS version 27.0 (IBM Co., Armonk, NY, USA). Repeated measures analysis
of variance (RM-ANOVA) was performed to compare the baseline and follow-up periods. Differences between each
assessment point were compared using independent T-tests with Bonferroni correction. All continuous variables are
presented as the mean + standard deviation. P values of <0.05 were considered statistically significant.

Results

A total of 20 patients were included in the analysis. Most of the patients (95%) were females. The mean age was 36.9
+5.5 years. The mean of pore count was significantly decreased after 1 week (870.2+236.2, p<0.001), 4 weeks (673.3
+209.2, p<0.001), 12 weeks (529.5+£190.0, p<0.001), and 24 weeks (429.3+£128.5, p<0.001) post-treatment compared to
baseline (1130.6+288.4) (Table 1 and Figure 2). The differences between each assessment point were significant between
week 1 vs week 4 (p<0.001) and week 4 vs week 12 (p<0.001), but not between week 12 vs week 24 (p=0.024).
Similarly, the mean of pore density also showed a significant decrease at 1 week (23.1+8.1%, p<0.001), 4 weeks (17.8
+6.9%, p<0.001), 12 weeks (14.0+£5.7%, p<0.001), and 24 weeks (11.1£3.5%, p<0.001) after the treatment compared to
the baseline (29.7+8.8%) (Table 1 and Figure 2). The differences between week 1 vs week 4 (p<0.001) and week 4 vs
week 12 (p<0.001) were significant, but not between week 12 vs week 24 (p=0.017). Both pore count and density
continued to decrease over the entire study period, with maximum improvement at 24 weeks and no rebound increment
observed (Figure 3). Both physician and patient GAIS scores showed the best results 1 week after the treatment, with
almost all patients (100% in physician GAIS and 95% in patient GAIS) having grade 3 (much improved) or higher
(Table 2 and Figure 4). The improvement was generally well-maintained up to 24 weeks after the treatment, with all
patients having at least a score of 2 (improved) (Table 2 and Figure 4). Only minor and transient adverse events were
reported immediately after treatment; erythema and edema were seen in 16 patients (80%), and bruising in 2 patients
(10%). However, no adverse events were reported at 1, 4, 12, and 24 weeks after treatment.

Discussion
Although various treatment modalities have been employed to reduce enlarged facial pores, they are still challenging to
treat and easily recur after treatment discontinuation.'*°2° To the best of our knowledge, this is the first study showing
the efficacy and safety of combined treatment with MFU-V and intradermal INCO for enlarged facial pores.

MFU-V, also known as Ultherapy®, is cleared by the United States (US) Food and Drug Administration (FDA) for
noninvasive skin lifting.”' The mechanism of action of MFU-V is the delivery of ultrasound energy to target skin layers

Table | Changes in Facial Pore Count and Density at Baseline and |, 4, 12, and 24 Weeks After
Combined Treatment with MFU-V and Intradermal INCO

Baseline Follow-Up After Treatment
Week | Week 4 Week 12 Week 24
Pore count 1130.6 + 288.4 8702 £ 236.2 | 673.3 £209.2 529.5 + 190.0 | 429.3 £ 1285
Pore density (%) 29.7 £ 88 23.1 £ 8.1 17.8 £ 6.9 140 £ 5.7 1.1 £35
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Figure 2 Facial pore count and density at baseline and each follow-up visit after combined treatment with MFU-V and intradermal INCO.

Figure 3 Clinical photographs of a patient before and after combined treatment with MFU-V and intradermal INCO. Compared to the (A) baseline (pore count, 1353; pore
density, 39.71%), the countable facial pores decreased at (B) | week (pore count, 1023; pore density, 29.62%), (C) 4 weeks (pore count, 558; pore density, 16.24%), (D) 12
weeks (pore count, 448; pore density, 13.02%), and (E) 24 weeks (pore count, 308; pore density, 8.94%) after the combined treatment.

causing thermal coagulation points, triggering the production of new collagen and elastin and the increase of perifolli-
cular structural support.>?>2* MFU-V provides real-time visualization and allows the user to see where ultrasound
energy will be applied, enabling precise delivery of ultrasound energy to the targeted tissues such as the deep dermis and
superficial musculoaponeurotic system.?'**2¢ Only a few studies have demonstrated the effect of MFU-V on enlarged
facial pores.''™'® Vachiramon et al reported that the mean pore volume reduced by approximately 15% at 1 month and by
25% 4 months after a single session of MFU-V and slightly rebounded to 22% reduction compared to the baseline at 6
months after the procedure.'" Similarly, Lu et al observed the maximum improvement of pores at 3 months after MFU-V
treatment, which returned to baseline 6 months after the treatment.'® In our study, pore count and density decreased by
approximately 40% at 1 month, 53% at 3 months, and 62% at 6 months after the combined treatment. The decrease in
pore count and density was sustained with no rebound increment. This difference could be attributed to more treatment
lines (100 lines on each cheek) than in the previous study (50 lines on each cheek)'' and the combination treatment with
intradermal INCO in this study.
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Table 2 Changes in Physician and Patient Global Aesthetic Improvement Scale Scores at Baseline and |, 4, 12, and 24

Weeks After Combined Treatment with MFU-V and Intradermal INCO

Follow-Up After Treatment
Week | Week 4 Week 12 Week 24
Physician Global Aesthetic | 0 (worsened) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Improvement Scale
I (no change) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
2 (improved) 0 (0%) 13 (65%) 7 (35%) 4 (20%)
3 (much improved) 8 (40%) 6 (30%) 13 (65%) 12 (60%)
4 (very much improved) 12 (60%) 1 (5%) 0 (0%) 4 (20%)
Patient Global Aesthetic 0 (worsened) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Improvement Scale
I (no change) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
2 (improved) I (5%) 9 (45%) 2 (10%) 1 (5%)
3 (much improved) 9 (45%) 10 (50%) 16 (80%) 12 (60%)
4 (very much improved) 10 (50%) 1 (5%) 2 (10%) 7 (35%)

Botulinum toxin has been widely used for various indications, such as glabellar lines, eyelid wrinkles, and masseter
hypertrophy, by utilizing its muscle-paralyzing properties.'” Aside from muscle paralysis, several recent studies have
reported its off-label indications, including enlarged facial pores and excess sebum production.'®'*'° Particularly, our
group first demonstrated the effect of intradermal INCO in treating enlarged facial pores.'® According to our previous
results, pore count and density decreased by approximately 16% at 1 week and 24% at 1 month after the treatment.'®
However, after then, pore count and density rebounded to a 12% reduction compared to the baseline at 3 months after
injection.'® In the present study, pore count and density decreased by approximately 23% at 1 week, 40% at 1 month, and
53% at 3 months after the combined treatment. The underlying mechanism through which intradermal botulinum toxin
injection improves enlarged facial pores is still unclear. It could be mediated directly by paralysis of arrector pili muscles
and indirectly by reducing sebum production.>*'®!° Sebum production seems to decrease by the botulinum toxin
blocking acetylcholine release.”' In addition, the botulinum toxin relaxes lymphatic channels, leading to fluid retention
in the dermis and ensuing pore reduction.”’ Other botulinum toxin type A, such as Abobotulinumtoxin-A or
Onaboulinumtoxin-A, could also be effective in facial pore reduction.'*'® However, considering that intradermal

injection of botulinum toxin could be more immunogenic than an intramuscular or subcutaneous injection, treatment

Physician GAIS 4
M Physician GAIS 3
® Physician GAIS 2
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Patient GAIS 3
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Figure 4 Trends in physician and patient Global Aesthetic Improvement Scale scores before and after combined treatment with MFU-V and intradermal INCO.
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of enlarged pores with INCO might be safer due to its lower antigenicity compared to other botulinum toxin
formulations. > %282

In this study, pore count and density decreased by approximately 62% at 6 months after a single session of combined
treatment with MFU-V and intradermal INCO. Compared to the reduction of up to 25% at 4 months after MFU-V
monotherapy'' and the reduction of up to 24% at 1 month after INCO monotherapy,'® the combined treatment led to even
greater improvement. Notably, there was no rebound increase in pore count or density over the entire follow-up period.
Pore count and density started to decrease 1-week post-treatment, and continued decreasing until 24 weeks. The
combination of MFU-V and intradermal INCO may produce a synergistic effect in reducing enlarged facial pores due
to different mechanisms. The slower-onset and sustained efficacy of MFU-V and faster-acting and relatively short-lived
effects of INCO may together contribute to prolonged pore reduction compared to MFU-V or INCO alone. In line with
the objective improvement, both physician and patient GAIS scores showed good results up to week 24, especially with
95% of patients responding with a grade 3 (much improved) or higher at week 24. However, there was a slight difference
in the results that GAIS scores reached their best result at week 1, despite the maximum objective improvement being
observed at week 24. This discrepancy may be due to skin swelling immediately after the treatment rather than the actual
reduction in pore count and density. Furthermore, all adverse events were transient.

This study has some limitations. First, this study was a single-center retrospective study. Second, the efficacy of the
procedures was investigated without a control group and each procedure alone (MFU-V alone or INCO alone). However,
this is the first study to demonstrate the effects of combined treatment with superficial MFU-V and intradermal INCO for
enlarged facial pores up to 24 weeks after the procedures using both objective measurements and subjective rating scales.
Further studies involving prospective split-face studies of MFU-V and INCO and investigations of other combinations of
treatment modalities for enlarged pores are needed.

In conclusion, combined treatment with MFU-V and intradermal INCO could effectively and safely reduce enlarged
facial pores. The improvements may be sustained for up to 24 weeks after a single treatment.
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