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Objective: To observe the clinical efficacy of microplasma radiofrequency in treating post-traumatic pigmentary deposition using
VISIA quantitative analysis, an innovative approach not previously emphasized in microplasma radiofrequency studies.

Methods: Twenty patients with post-traumatic pigmentary deposition, treated at Cangzhou Central Hospital between July 2022 and
December 2022, were selected. Pigmented areas were divided into four regions (A: control; B, C, D: treated with increasing energy
parameters). Adverse effects (erythema, edema, micro-crusts, pruritus) were monitored at 2, 4, and 6 weeks post-treatment using CTCAE
v5.0 criteria. Pigmentary deposition scores and VISIA parameters (spots, ultraviolet spots, red areas, brown spots) were evaluated.
Results: At 2, 4, and 6 weeks, Groups B, C, D showed significant reductions in pigment scores and VISIA parameters vs Group A (P <
0.05), with Group D (highest energy) achieving maximal improvement. Transient mild-moderate erythema (60-100%), edema (40-80%),
and micro-crusts (20-60%) occurred in treated groups, resolving spontaneously within 14 days; no severe adverse events were observed.
Conclusion: Microplasma radiofrequency significantly improves post-traumatic pigmentary deposition, with energy-dependent
efficacy. Despite transient side effects at higher energies, its favorable safety profile supports clinical adoption. VISIA quantitative
analysis provides robust objective evaluation, advancing standardization in pigment management.
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Introduction

Pigmentary deposition is a common phenomenon of pigmentation changes in the human skin, with diverse manifesta-
tions that can result in variations in skin color, extent, and depth.' The etiology of pigmentary deposition is multifaceted,
with common causes including burns, scalds, trauma from accidents, inflammation, and other irritants.” Trauma is
a significant factor leading to pigmentary deposition, often accompanied by scar formation. Post-traumatic pigmentary
deposition is particularly prevalent in Asian populations, where Fitzpatrick skin types III-IV predispose individuals to
prolonged hyperpigmentation due to increased melanocyte activity following injury.” When pigmentary deposition
occurs on a patient’s face, it can have a substantial impact on their external appearance and daily life, with studies
indicating higher psychological distress in visible pigmentary conditions among Asian cohorts.*

Historically, clinical interventions for pigmentary deposition primarily involved non-surgical methods. Common non-
surgical approaches include the use of depigmenting topical medications (such as hydroquinone-based preparations or
creams, vitamin A derivatives), abrasion procedures (including microdermabrasion and physical mechanical abrasion),
intense pulsed light therapy, fractional lasers, and pixel lasers. The effectiveness of these treatment methods varies, but none
have consistently achieved clinical or patient satisfaction.”® Microplasma radiofrequency is a novel technology for treating
pigmentary deposition in clinical settings. Its technical principle involves exciting nitrogen in the interstitial spaces of the
skin to transform it into a microplasma state, which acts on the skin, resulting in exfoliation and heat effects.” The

microplasma-induced thermal energy is hypothesized to disrupt melanin clusters within the epidermis, accelerate
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keratinocyte turnover, and downregulate tyrosinase activity, thereby reducing pigment retention.® Additionally, the con-
trolled thermal stimulation may promote collagen remodeling, improving both texture and tone in pigmented lesions.’

Previously, microplasma radiofrequency technology was mainly used for scar treatment, and several studies have
confirmed its significant advantages in terms of scar treatment effectiveness and safety.'®!! It also exhibits a clear
advantage in altering surface pigmentary deposition on scars. My preliminary experiments have shown that microplasma
radiofrequency technology can expedite the regression of pigmentation in guinea pig skin and is effective in improving
pigmentation deposition in a narrowband ultraviolet-irradiated guinea pig skin model. Scholars like Halachmi'? have
conducted clinical research to confirm the positive therapeutic effects of microplasma radiofrequency technology on post-
traumatic pigmentary deposition. However, their studies mostly relied on subjective evaluation criteria. To address this
gap, VISIA Quantitative Analysis System—a high-resolution, multi-spectral imaging tool—has emerged as an objective
method for quantifying skin pigmentation parameters (eg, spots, ultraviolet spots, red areas, brown spots) through
standardized cross-polarized and UV photography.'® To date, there is a dearth of VISIA-supported quantitative analytical
research on microplasma radiofrequency treatment for post-traumatic pigmentary deposition in clinical settings.
Therefore, this study attempts to employ VISIA quantitative detection to assess the clinical outcomes of microplasma
radiofrequency treatment for post-traumatic pigmentary deposition. The findings are presented below.

Materials and Methods
Study Subjects

We selected 20 patients with post-traumatic pigmentary deposition who were treated at our hospital between July 2022
and December 2022. Among them, there were 2 males and 18 females, with ages ranging from 19 to 40 years, and an
average age of (27.84+4.62) years. Skin grading was performed according to the Fitzpatrick skin phototype classification
system:'* 9 patients were classified as Grade III (moderate brown skin, tans uniformly), and 11 patients were Grade IV
(olive or dark brown skin, tans minimally). The time of onset of post-traumatic pigmentary deposition ranged from 3
months to 5 years, with an average time of (2.27+0.42) years. All patients met the complete inclusion criteria. This study
has received ethical approval from Cangzhou Infectious Disease Hospital and complies with the requirements of the
Helsinki Declaration. Informed consent was obtained from all study participants.

Inclusion and Exclusion Criteria
Inclusion Criteria: (1) Patients were clinically diagnosed with post-traumatic pigmentary deposition based on relevant medical
examinations; (2) All included patients were adults; (3) Patients had not received any disease-related treatment interventions
within the recent six months; (4) Patients were informed about the study and voluntarily signed informed consent.
Exclusion Criteria: (1) Patients with hypertrophic scar formation were excluded; (2) Pregnant or lactating women
were excluded; (3) Patients with mental disorders or behavioral and cognitive impairments were excluded; (4) Patients
who had received laser or drug treatments within the past six months were excluded; (5) Patients with severe organ
pathology were excluded; (6) Individuals who were unwilling to cooperate with the study or unable to complete the study
for various reasons were also excluded.

Methods

The Israeli FETON ion beam scar treatment device with a fixed treatment head was used. The single treatment range of the
device was 12 mm, with a spacing of 1 mm between beam points. After cleaning the affected area, a compound lidocaine
cream (25% lidocaine and 2.5% prilocaine, 50 mg, produced by Beijing Ziguang Pharmaceutical Co., Ltd.) was applied
externally, and the area was covered with a plastic wrap for one hour. The skin was then cleansed with water to remove the
surface anesthetic cream. The power setting was adjusted to 20-60W based on the severity of the scar and skin thickness.

Group A served as the blank control group and did not receive any treatment. Groups B, C, and D were treated using
microplasma radiofrequency technology with different energy parameters: (1) Group B: Microplasma radiofrequency
technology treatment (Treatment parameters: fixed, no sheath head, exposure time: 0.6s, output power: 20 Watt,
treatment energy per emission point: 0.12J). (2) Group C: Microplasma radiofrequency technology treatment
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(Treatment parameters: fixed, no sheath head, exposure time: 0.6s, output power: 40 Watt, treatment energy per emission
point: 0.24]). (3) Group D: Microplasma radiofrequency technology treatment (Treatment parameters: fixed, no sheath
head, exposure time: 0.6s, output power: 60 Watt, treatment energy per emission point: 0.36J).

Groups B, C, and D each received a single session of microplasma radiofrequency technology treatment. After the
treatment, patients were instructed to keep the wound dry and avoid washing the treated area for 7 days. During this
period, a compound miconazole B ointment (Zhejiang Rishengchang Pharmaceutical Co., Ltd., National Drug Approval
Number: H20061269, Specification: 10g) was applied topically, and recombinant human basic fibroblast growth factor
(Nanhu Lang peptide Pharmaceutical Co., Ltd., National Drug Approval Number: S20040053, Specification: 2000IU per
vial) was used. Adverse effects related to medications (eg, allergic reactions, irritation) and treatment (eg, erythema,
edema) were monitored at each follow-up (2, 4, 6 weeks) and recorded. Patients were advised to avoid spicy foods, use
sunscreen (SPF >30), and refrain from scrubbing or friction on the treated area.

Observational Parameters

1. Pigmentary Deposition Assessment: Before treatment and at 2, 4, and 6 weeks after treatment, two blinded
dermatologists (unaware of group allocation) evaluated pigmentary deposition using a 4-point scale adapted from
the Dermal pigmentation area and severity score (DPASI).'> The scale was as follows: 0 points for no pigmenta-
tion (normal skin color), 1 point for light brown (mild), 2 points for medium brown (moderate), and 3 points for
dark brown (severe). Intermediate scores were averaged. Inter-rater reliability was assessed using Cohen’s kappa
(x=0.82), indicating strong agreement.

2. VISIA Quantitative Detection: Patients underwent imaging with the VISIA® Complexion Analysis System (Canfield
Scientific, USA), which captures multi-spectral images (standard, cross-polarized, UV) to quantify various parameters.
These include spots (discrete pigmented lesions, 1-10 mm, count range: 0—100), ultraviolet spots (subsurface melanin,
score range: 0-100% UV reflectance), red areas (vascular/erythematous regions, score range: 0—-100% hemoglobin
intensity), and brown spots (epidermal/dermal pigmentation, score range: 0—100% melanin density). Percentiles were
calculated relative to a matched population database (Fitzpatrick III-IV skin types).

3. Adverse Effects Monitoring: Adverse effects related to medications (eg, allergic reactions, irritation) and treatment
(eg, erythema, edema) were assessed at each follow-up visit (2, 4, and 6 weeks) and documented accordingly.

Statistical Methods

GraphPad Prism 8 was used for image processing software, while SPSS 26.0 was used for data analysis and organization.
Descriptive statistics for categorical data are presented as n (%), and the chi-square test (y?) was used to compare the
statistical differences. For continuous data, values are expressed as mean (+ standard deviation, s), and the #-test was used
to compare statistical differences. A power analysis indicated that 20 patients provided 80% power (0=0.05) to detect
a 30% reduction in VISIA scores. A significance level of P < 0.05 was considered meaningful.

Results

Comparison of Pigmentary Deposition

Before treatment, there were no significant differences in pigmentary deposition scores among the four groups (all, P > 0.05). At
2, 4, and 6 weeks post-treatment, Groups B, C, and D showed significantly lower scores compared to Group A (all, P < 0.05).
Group D demonstrated the most pronounced reduction at all time points (Table 1).

Comparison of VISIA Quantitative Detection
VISIA parameters (spots, ultraviolet spots, red areas, brown spots) showed progressive improvements in Groups B, C, and
D compared to Group A (all, P <0.05). Group D exhibited the greatest reduction across all parameters (Table 2 and Figure 1).
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Table | Comparison of Pigmentary Deposition Scores (Mean + [SD)

Group n Pigment Deposition Score (Points)

Before Treatment | After 2 weeks | After 4 weeks | After 6 weeks
Group A | 5 2.49+0.52 2.51+0.53 2.52+0.51 2.50+0.52
GroupB | 5 2.47+0.55 2.07£0.41* 1.860.35° 1.62+0.38°
GroupC | 5 2.51£0.51 1.78+0.44* 1.53+0.39* 1.32+0.41%°
Group D | 5 2.49+0.54 1.55+0.36%¢ 1.27+0.31%¢ 0.98+0.24%*

Notes: Compared with Group A, *P < 0.05; compared with Group B, °P < 0.05; compared with Group C, °P < 0.05.

Table 2 VISIA Parameter Scores (Mean + |SD)

Parameter | Group | Before Treatment | After 2 weeks After 4 weeks After 6 weeks
Spots A 282.73 £ 22.86 281.94 + 23.14 282.57 + 22.78 283.06 + 22.69
B 281.86 + 22.79 270.75 + 20.87a 253.49 + 18.96a 234.59 + 17.42a
C 283.24 + 23.07 256.67 £ 19.62ab | 237.43 £ 17.69ab | 219.41 + 16.84ab
D 282.89 + 23.13 239.49 * 19.82abc | 215.76 * 20.63abc | 201.26 + 18.49abc
UV Spots A 598.82 * 30.17 597.79 + 30.19 598.64 + 30.31 597.87 £ 30.25
B 597.86 + 30.34 572.68 + 30.29a 554.72 + 30.15a 534.82 + 30.43a
C 596.29 + 30.53 557.89 + 30.16ab | 532.87 + 30.11ab | 519.82 £ 30.35ab
D 597.78 + 30.22 536.74 + 30.38abc | 515.27 = 30.23abc | 492.47 * 29.91abc
Red Areas A 358.74 + 34.29 357.68 + 35.15 359.46 + 35.27 358.89 + 34.84
B 359.23 + 34.62 327.86 + 34.32a 301.47 £ 32.8la 283.78 + 33.42a
C 358.75 + 34.19 308.96 + 33.53ab | 285.49 + 31.4lab | 247.32 £ 29.78ab
D 359.11 + 35.17 291.56 + 30.87abc | 252.63 + 31.49abc | 221.09 + 25.96abc
Brown Spots | A 651.78 + 64.62 650.89 + 63.85 652.59 + 65.45 652.46 + 64.98
B 653.27 + 64.27 632.57 + 59.89a 607.24 + 58.96a 582.63 + 60.22a
C 651.75 + 63.84 612.38 + 60.89ab | 592.69 + 57.46ab | 569.24 + 58.35ab
D 65239 + 62.64 584.96 + 60.73abc | 562.32 *+ 59.82abc | 546.27 + 57.45abc

Notes: Compared with Group A, *P < 0.05; compared with Group B, bP < 0.05; compared with Group C, °P < 0.05.

Adverse Effects Monitoring
No severe adverse events (eg, allergic reactions, infection) were observed. Mild to moderate transient erythema and
edema occurred in all treated groups (B, C, D), resolving within 7-14 days (Table 3).

Discussion

During the natural wound healing process, some patients may experience the formation of scars and pigmentary
deposition, which is particularly prevalent among Asian populations with Fitzpatrick III-IV skin types due to heightened
melanocyte activity post-injury.'® Various non-surgical methods have been employed in clinical practice to address scar
formation and pigmentary deposition. Common approaches include topical medications, abrasion procedures, intense
pulsed light therapy, pixel laser treatments, and fractional laser therapy. However, these methods have their limitations,
and achieving satisfactory clinical outcomes for patients remains challenging. (D Topical Medications: Common
pigment-reducing medications used in clinical practice include retinoic acid creams, hydroquinone products, and certain
traditional Chinese medicines with skin-lightening properties. However, the effectiveness of these medications in clinical
settings remains a subject of debate. (2) Abrasion Procedures: Abrasion procedures, including mechanical abrasion and
microdermabrasion, are commonly used. Mechanical abrasion requires precise control of the depth of abrasion and,
therefore, demands a high level of technical expertise. Additionally, it carries a relatively high risk of complications.
Microdermabrasion, as a superficial abrasion procedure, primarily targets aging skin’s keratinized cells, leading to limited
effects on pigmentary deposition.'” 3 Intense Pulsed Light (IPL) Therapy: IPL therapy shows some efficacy in treating
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Figure | Comparison of VISIA Quantitative Detection.
Notes: Compared with Group A, *P < 0.05; compared with Group B, ®P < 0.05; compared with Group C, °P < 0.05.

superficial pigmentary depositions such as freckles but is generally not effective in addressing pigmentary deposition
resulting from trauma.'® @) Pixel Laser: Pixel laser therapy induces micro-peeling effects on skin tissue, causing physical
defects in skin tissue. This may increase the risk of pigmentary deposition. (5) Fractional Laser: Fractional laser therapy,

Table 3 Adverse Effects by Group and Timepoint

Adverse Effect

Group A (n=5)

Group B (n=5)

Group C (n=5)

Group D (n=5)

Erythema
Edema
Micro-crusts

Pruritus

0%
0%
0%
0%

60% (3/5)
40% (2/5)
20% (1/5)
20% (1/5)

80% (4/5)
60% (3/5)
40% (2/5)
20% (1/5)

100% (5/5)
80% (4/5)
60% (3/5)
40% (2/5)

Notes: Data presented as % (cases). All effects were graded mild-moderate (CTCAE v5.0).
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known for its strong penetration ability, offers unique advantages in treating hypertrophic scars. However, research on its
efficacy in treating pigmentary deposition is scarce. Due to its significant penetration ability, cautious application is
required for facial pigmentary deposition treatment.'” In recent years, plasma radiofrequency technology, with its
advantages of minimal damage, collagen regeneration promotion, simplicity of operation, and safety, has introduced
a new approach to clinical treatment of pigmentary deposition. This technology does not depend on color pigments and
provides a promising method for addressing pigmentary deposition.?

Plasma is a state of matter consisting primarily of free electrons and charged ions and is commonly regarded as the
fourth state of matter.>' Plasma has found applications in various medical fields, including pathogen inactivation, blood
coagulation, skin disease treatment, oral clinical uses, cancer cell therapy, and has yielded promising results.*
Microplasma radiofrequency skin reconstruction technology is a relatively new clinical technique. It was invented by
Dr. Ziv Karnia, a physicist from Israel, and is based on the principles of radiofrequency and micro-peeling.”®
Microplasma radiofrequency technology employs multi-point, micro-monopolar radiofrequency to excite nitrogen gas
on the skin’s surface, generating multiple, controlled, and minimally invasive thermal channels. The heat produced by the
monopolar radiofrequency at the end of the microchannels penetrates deep into the skin, reaching up to 500-1000 um
below the surface. This effectively heats the dermis and activates fibroblasts, promoting the degradation of existing
collagen and the secretion of new collagen.”* Simultaneously, dehydrated skin tissue acts as a biological dressing,
protecting the wound and reducing the risk of infection. The micro-injuries around the heated areas promote rapid wound
healing.”> Researchers like Ruff have evaluated microplasma from a histological perspective using animal models and
found that it has excellent tissue remodeling properties, resulting in smoother and finer regenerated epidermis.?® This
suggests that microplasma radiofrequency technology not only provides reliable results but also significantly reduces the
risk of adverse reactions. However, there is limited clinical research on the use of microplasma radiofrequency in treating
post-traumatic pigmentary deposition. Although some studies suggest that microplasma radiofrequency has a role in
treating post-traumatic pigmentary deposition,”’ they often lack objective and scientifically valid facial pigment assess-
ment metrics, making in-depth research on diagnosis and efficacy challenging. Furthermore, the choice of treatment
parameters for microplasma radiofrequency therapy in such studies remains inconsistent, hindering the development of
standardized guidelines.

In this study, we employed different microplasma radiofrequency treatment parameters to address the issue of
pigment deposition in patients. The present study demonstrates that microplasma radiofrequency technology significantly
improves post-traumatic pigmentary deposition, with higher energy parameters (Group D) yielding the most pronounced
effects. This efficacy may be attributed to two key mechanisms: (1) Thermal disruption of melanin clusters through
microplasma-induced subepidermal heating (500—1000 pm depth), which accelerates keratinocyte turnover and facilitates
melanin exfoliation;*® (2) Downregulation of tyrosinase activity via controlled thermal stimulation, reducing de novo
melanogenesis.”” The energy-dependent response observed in Group D aligns with histologic evidence showing dose-
dependent collagen remodeling and melanophage clearance in high-energy settings.*

Notably, the superior outcomes in Group D likely reflect synergistic effects of deeper dermal penetration (enabled by
0.36J/point energy) and sustained fibroblast activation, which not only degrades pigmented collagen but also promotes
neocollagenesis with normalized melanin distribution.?' This mechanistic duality—simultaneous pigment removal and
structural normalization—may explain why higher-energy protocols achieve more complete depigmentation.

The VISIA quantitative analysis corroborated clinical observations, showing progressive reductions in spots, UV
spots, red areas, and brown spots across treatment groups. The 46.2% reduction in brown spots (Group D at 6 weeks)
surpasses reported outcomes for fractional CO, lasers (28-35%) in similar populations,* highlighting microplasma
radiofrequency’s unique advantage in targeting both epidermal and dermal pigmentation.

Adverse effects analysis revealed an energy-dependent safety profile (Table 3). While transient erythema (100% in
Group D) and micro-crusts (60%) were common, all resolved without intervention within 14 days, consistent with the
self-limiting nature of microplasma-induced microthermal zones.*> Importantly, no hypopigmentation or scarring
occurred, contrasting with laser therapies where hypopigmentation rates reach 12—18%.>* This favorable safety profile,
combined with operator-independent reproducibility, positions microplasma radiofrequency as a viable option for
pigmented skin types prone to post-inflammatory complications.
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Study limitations warrant consideration: (1) Sample size constraints (n=20) limit subgroup analyses of skin types and
lesion durations. (2) The short follow-up period (6 weeks) precludes assessment of long-term recurrence. (3) The single-
center design may introduce selection bias. Future studies should validate these findings in larger cohorts (n>100) with
extended follow-up (>12 months), directly compare microplasma radiofrequency against gold-standard therapies (eg,
Q-switched lasers), and elucidate molecular mechanisms (eg, MITF/tyrosinase pathway modulation) through biopsy-
based histopathology.

Conclusion

In conclusion, microplasma radiofrequency treatment demonstrates significant clinical efficacy in patients with post-
traumatic pigment deposition. The implementation of this technology effectively improves the condition of pigment
deposition and various VISIA assessment parameters. Furthermore, the greater the energy applied during microplasma
radiofrequency treatment, the more favorable the results in terms of symptom improvement for the patients. Notably,
adverse effects (erythema, micro-crusts) were transient and self-limiting, with no severe complications observed,
supporting its safety profile in clinical practice.

These findings advocate for the integration of microplasma radiofrequency into dermatological protocols for
traumatic hyperpigmentation, particularly in cases where conventional therapies (eg, lasers) pose a risk of hypopigmen-
tation. Future studies should prioritize long-term efficacy assessment (=12 months) to evaluate recurrence rates, conduct
head-to-head comparisons with gold-standard therapies (eg, Q-switched Nd:YAG laser), and investigate the mechanistic
effects of microplasma thermal energy on melanocyte signaling pathways. Addressing these gaps may establish micro-
plasma radiofrequency as a first-line treatment for pigmentary deposition, offering a balance of efficacy, safety, and
reproducibility.
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