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Background: Infraorbital dark circles (IDC) are commonly consulted in aesthetic practice. There is not yet a multifactorial approach
to facilitating their treatment.
Objective: To investigate the safety and efficacy of the microneedle fractional radiofrequency (MRF) system for the treatment of
IDC.
Methods: A prospective, split-face, evaluator-blind clinical trial was conducted to study the change in the overall appearance, color,
and wrinkles in 21 female patients with mixed type IDC before and after MFR treatment.
Results: Both patients and independent evaluators found significant improvement on the global aesthetic scales after the MFR
treatment, especially on periorbital wrinkles (p=0.031). Trends in decreased melanin density in the IDC area were found, but no
statistical differences were established. No side effects were observed.
Conclusion: MFR is a safe and effective modality for improving mixed type IDC by correcting the structural factors.
Keywords: infraorbital dark circles, microneedle fractional radiofrequency, radiofrequency, periorbital hyperpigmentation

Introduction
Infraorbital dark circles (IDC) are generally defined as bilateral semicircular hyperpigmentation in the infraorbital
region.1 As a common presentation of periorbital melanosis, this entity is frequently consulted in dermatology practice
not only due to aesthetic blemish but also to a negative impact on the quality of life.2 To date, there is little evidence
reported on its global prevalence. We have identified limited data on some reported cases, mostly researching literature.
In the Indian population, for example, IDC are reported most commonly in females (81%) and are predominant in
younger people (16–25 years old, 47.5%).3 Still, we have a poor understanding of the IDC etiology. Studies report that
exogenous (atopic dermatitis, ultraviolet, trauma, etc.) and endogenous (genetics, superficial location of the vasculature,
tear trough, the extension of pigmentary demarcation lines of the face) factors independently or collaboratively cause
IDC.4 IDC is classified into a pigmented, vascular, structural, and mixed type according to the primary cause of
pathogenesis.5 The treatment strategy is commonly determined based on the IDC clinical type. For instance, therapeutic
options for pigmented IDC include topical depigmenting agents, chemical peels, surgical corrections, and laser therapy,
focused on treating hyperpigmentation. However, as the mixed type represents the significant majority of IDC;5 there-
fore, multiple therapeutic modalities are usually needed. While such a strategy is time- and cost-consuming, it also
presents potential risks.
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The therapeutic effect of monopolar radiofrequency is reported to improve periorbital skin laxity and wrinkles,6

which are common contributing factors of the structural IDC. An MFR system, which delivers radiofrequency energy
through a fractional microneedle electrode assembly with adjustable length, has been used in treating photoaging, acne
vulgaris, and scarring.7 Recent studies reported its application in hyperpigmentation, erythema, vascular malformation,
and lipolysis.8–12 Given the previously mentioned pathogenesis of IDC, MFR could theoretically target most of the
primary causes using a single device.

Our study aimed to investigate the potential utility and safety of MFR in Chinese patients as a novel therapeutic
modality of IDC.

Materials and Methods
Study Design
This study was conducted in the Department of Laser and Aesthetic Medicine of the Shanghai Ninth People’s Hospital.
As a prospective split-face study, all participants left side of the face was treated with IDC, and their right sides were
considered the control side. This study was approved by the Ethical Committee of Shanghai Ninth People’s Hospital
(SH9H-2019-T127-2) and was performed according to the principles of the Declaration of Helsinki. The patients fully
understood the clinical trial and signed the informed consent (Chinese Clinical Trial Registration Number:
CHiCTR1900026090).

Participants
Initially, 22 females aged 24 to 50 years old (mean age 31) with untreated mixed type IDC for > 1 year were
enrolled in our study. The trial period started from April 2019 to July 2021. The study exclusion criteria were: no
history of systemic disease (based on the approximately 3 months of physical examination), active inflammation/
infection of the treated area, pregnancy, or new-onset diseases during treatment. Patients who received any medical
treatment or surgery during the study were excluded. Also, patients were advised to avoid significant changes in diet
and the use of skin-care products.

Treatment Protocol
The periorbital areas were cleaned, and then a topical anesthetic mixture of 2.5% prilocaine and 2.5% prilocaine
cream (Ziguang Co. Ltd, Beijing, China) was applied 1 h before treatment. The IDC areas in all subjects were
treated unilaterally with MFR (INTRAcelTM, Jeisys Medical, Seoul, Korea), the other side was not treated as the
control group. The treatment protocol included three treatment sessions at 2 months intervals. In each session,
patients were treated in two steps: the unipolar mode was applied during the first step and bipolar mode in
the second. The MFR device was provided with disposable tips, which consisted of rows of 49 microneedle
electrodes. The treatment parameters were set at: penetration depth 0.5 mm, fluency level 2, power 12.5 W, and
duration 50 ms. No medication or specific care was indicated after treatment, except for the application of a cold
compress to the treated area for 15 min every 2 h during the day of the procedure. The same physician performed all
procedures. Postoperative instructions of the treated areas included: avoiding cleaning for 12 h, avoiding makeup
application for 1 week, and strictly applying physical sun screening measures (hat, sunglasses, umbrella) for 1 week.
Three follow-up visits were performed at 1, 3, and 6 months after the last treatment. The control side of face will be
treated upon patients’ requests at the end of follow-ups.

Evaluations
The primary assessment focused on changes in the color of the IDC. Standardized digital photographs (60D camera,
Canon, Melville, NY, USA) were taken at baseline and 1, 3, and 6 months after treatment for visual assessment. We
applied the PAIS (patient’s aesthetic improvement scale) and GAIS (global aesthetic improvement scale) for global
evaluation of the clinical outcome at the end of the treatment to all patients:13 1 = much worse, 2 = no change, 3 =
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improved, 4 = much improved, 5 = very much improved. Two independent physicians who were not involved in the
medical treatments applied the GAIS. The average melanin density of the IDC area (melanin index, MI) was
determined quantitatively by Skintel™ Melanin Reader™ (Palomar, USA) for an objective evaluation.14 The MI was
calculated as the mean based on the detected value from three fixed points (medial canthus, medial point of lower
eyelids, and lateral canthus).

The secondary assessment aimed to determine the improvement of the periorbital wrinkles and pain response in
patients. Photo-documentation was gathered with the VISIA-CR (Canfield Scientific Inc., Fairfield, NJ, USA). This
imaging system used analysis scripts to accurately detect and measure photographic evidence of periorbital wrinkles in
a quantitative manner, which was recorded before each treatment and 6 months after the final treatment. Besides, patients
recorded their pain response immediately during MFR treatment using the visual analog scale (VAS). Responses ranged
from 0 (no pain) to 10 (unbearable pain).15 Other side effects, such as crusting, hematoma, infection, and scarring, were
to be recorded as well.

Statistics
All data were analyzed using SPSS 26.0 (IBM, Armonk, NY, USA) and GraphPad Prism 7 (GraphPad Software, Inc.,
San Diego, CA, USA) to compare the therapeutic outcomes of MFR for treated unilateral IDC sides with untreated
(control) sides for each patient. The differences in the measurement data were compared using the paired t-test, and
ordinal data were analyzed using Spearman correlation coefficient. A P-value < 0.05 was considered statistically
significant.

Results
Therapeutic Outcomes: Global Improvement of IDC After MFR Treatment
Twenty-one patients completed all three sessions of treatment and also at 6 months follow-up; one patient was excluded
because of a nasal surgery performed during the study. PAIS was self-evaluated, and two independent physicians
assessed GAIS based on digital photos. High correlations were found between these two scales (p<0.05). Both patients
and physicians found significant improvement of IDC on the treated side compared with the control side after the MFR
treatment (PAIS=3.44±0.88, GAIS=3.33±0.71, Spearman correlations, p=0.03). As shown in Figure 1, the appearance of
IDC showed a narrowed area and lighter color.

Melanin Index (MI): Trends of Melanin Density Decreased in the IDC Area
The MI of the IDC area on the control side remained almost unchanged. On the treated side, in 6 patients, MI stayed at
the same level, and in 2, it slightly increased, while the rest participants showed decreasing trends, but there was no
statistical difference compared with the control side (p > 0.05) (Figure 2).

Periorbital Wrinkles: Significant Improvement
The apparent disappearance of thick, deep wrinkles after treatment was found through a 3-dimensional analysis of
VISIA-CR (Figure 3A). Compared with the initial image, the periorbital wrinkles decreased by 8.55%±9.03% on the
treated side and by 1.07%±3.73%, on the control side. Significant differences were found between the two sides
(Figure 3B, p=0.031, 95% CI 0.90–14.05).

Side Effects: Tolerable Pain During the Treatment Procedure
The average VAS scores were 4.93±0.91. The participants did not report any side effects.
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Discussion
This study represents the first effort to evaluate the role of MFR in IDC treatment. Overall, the MFR treatment showed
clinical improvements in the mixed type IDC, especially in reducing the wrinkles.

Periorbital wrinkles were significantly reduced after the treatment, which might be the primary reason for the mixed
type IDC global improvement. The results of our study were consistent with those of previous research on the
rejuvenation of the periorbital area.12 As a type of radiofrequency system, MFR system facilitates the tightening the
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Figure 1 Typical cases. (A) Case No.1 Female, 26 years old, mixed type IDC (pigmented + vascular + structural). a. Baseline. b. Six months after the last treatment: left side
(MFR treated) shows global improvement, disappearance of deep wrinkles, tightening of infraorbital skin, and whitening of IDC; right side (control) is unchanged. (B) Case
No.2 Female, 25 years old, mixed-type IDC (pigmented + structural). c. Baseline. d. Six months after the last treatment. Left side (MFR treated): global improvement, of
wrinkles, tightening of infraorbital skin. Right side (control): unchanged. (C) Case No.3 Female, 42 years old, mixed-type IDC (pigmented + structural). e. Baseline. f. Six
months after the last treatment. Left side (MFR treated): disappearance of wrinkles, tightening of infraorbital skin, whitening of IDC. Right side (control): unchanged.
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skin by promoting cell necrosis, collagen denaturation, and remodeling, eventually leading to skin contraction.10

Generally, the infraorbital area is challenging to treat using the classic radiofrequency system because of its narrow
and irregular shape. MFR system showed an advantage in treating the infraorbital area while using a minute tip and
dermal stamping mode.

Only trends but no significant decreases were established regarding the evolution of the melanin density in the
treated IDC area. Q-switched or picosecond lasers are commonly used for treating periorbital hyperpigmentation.
Laser therapy that targets melanin or water (ablative fractional carbon dioxide laser or non-ablative fractional
Erbium laser) is generally safe and effective for patients with Fitzpatrick I–III skin types.16,17 However, the Asian
population presents a higher risk of side effects, such as post-inflammatory hyperpigmentation (PIH) after
aesthetic therapy due to higher melanin density.18,19 Furthermore, the etiology of IDC is complicated by ethical
factors. Watanabe et al20 studied periorbital biopsies of 12 Japanese patients with IDC, and histology results
showed that all of them had dermal melanocytosis. Boruah et al21 however, did not find any significant increase in
melanocytes or pigmentation in the dermis, but only an increase in the melanocytes/pigmentation in the epidermis
itself. The increase in dermal melanocytes or pigmentation is probably not a significant causative factor in the
Indian population. Several studies reported the improvement of pigmentation following radiofrequency treatment.
It might be explained by epidermal and dermal regeneration, hyaluronan increase, and the role of inflammation in
the healing process.22–24 Therefore, the application of MFR system, which is not a chromophore-dependent
device, might be a safer and more effective modality for improving hyperpigmentation if large scale studies
could verify its use. Since the relapse of IDC is not rare in clinical practices, especially caused by skin laxity and
dyspigmentation, a relative long follow-up should be considered for giving the treatment greater value. Previous
studies conducted the follow-ups between 4 to 12 months25,26 and no recurrence was reported. Our study also did
not find any relapse at the end of the study, which might be explained by durable regenerated collagen fiber and
improved pigmentation.

The limitations of our study included small sample size and a relatively short follow-up period. Future research on
this therapeutic modality should consider these factors for further evaluation.

Conclusion
In conclusion, our study is the first to report the safe and effective application of MFR system for treating IDC of mixed
type through correcting structural factors in Chinese patients.

Figure 2 Improvement of Melanin index. (A) Treated side. (B) Control side. No statistical difference was found between the two sides (p > 0.05).
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A
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Figure 3 Improvement of periorbital wrinkles. (A) VISIA-CR images showing the improvement of periorbital wrinkles through 3-dimensional visual analysis. a1-a6: MFR-
treated side, a7-a12: control side. (1–3, 7–9, baseline; 4–6, 10–12, after treatment). (B) Quantificational comparison based on VISIA results showed significant improvement
on the rate of wrinkles of MFR-treated side (*p < 0.05).
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Abbreviations
IDC, infraorbital dark circles; MFR, microneedle fractional radiofrequency; PAIS, patient’s aesthetic improvement scale;
GAIS, global aesthetic improvement scale; VAS, visual analog scale; PIH, hyperpigmentation; MI, melanin index.
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