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Abstract Management of facial post-burn hyperpigmenta-

tion is a common and challenging problem for dermatologists

and plastic surgeons. The recent development of micro-

plasma radiofrequency technology, which allows precise and

rapid treatment with controlled thermal injury, can be an

effective treatment of post-burn hyperpigmentation. This

study aimed to evaluate the effectiveness and complications

of micro-plasma radiofrequency treatment of post-burn hyper-

pigmentation. The study included 35 patients with Fitzpatrick

skin type III or IV and facial post-burn hyperpigmentation.

Patients received three to five treatments at 8-week intervals.

A roller tip was used with the power setting at 60–90 W, and

3–4 passes were made in different directions. The degree of

improvement and complications were recorded. Improvement

of hyperpigmentation was evaluated by patient self-

assessment and by plastic surgeons who compared digital

photographs taken before treatment and 2 months after the

last treatment. The results showed that post-burn hyperpig-

mentation responded favorably to micro-plasma radiofrequen-

cy treatment with very few complications. The average pain

score using a visual analog scale from 0 to 10 was 6.7±0.7.

After a series of treatments, 32 of the 35 patients had achieved

a >51 % improvement of their hyperpigmentation, and 3

patients had achieved a fair improvement. The mean score

for improvement of hyperpigmentation was 4.28. Patient self-

evaluations indicated good satisfaction with the cosmetic out-

comes, and some softening of the scars. Micro-plasma radio-

frequency technology is appropriate, effective, and safe for the

treatment of facial post-burn hyperpigmentation, and provides

a promising noninvasive treatment for superficial facial

injuries.
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Introduction

In dark-skinned individuals, superficial partial-thickness

burns that are not properly treated often result in permanent

hyperpigmentation and superficial scarring. Such hyperpig-

mentation may impact negatively on the patient’s social inter-

actions and quality of life, especially when it occurs on the

face, which may become a bigger problem than the physical

damage caused by the scar. Hyperpigmentation is often the

main reason for consultation with a dermatologist or plastic

surgeon to receive medical treatments.

Many topical agents, such as bleaching creams, are avail-

able to treat hyperpigmentation. These topical agents can

interfere with the pigmentation process at different levels.

The traditional gold standard treatment for hyperpigmentation

is hydroquinone, which acts by inhibiting the activity of

tyrosinase. However, bleaching creams are not effective for

the treatment of remnant scar tissue and are associated with

adverse effects such as “hydroquinone halo,” irritation, ery-

thema, post-inflammatory hyperpigmentation, and exogenous

ochronosis [1–3].

Light-based technologies such as the 1,064-nmQ-switched

Nd: YAG laser, intense pulsed light laser, and carbon dioxide

laser have recently been used for the treatment of hyperpig-

mentation or scars. These therapies are based on selective
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photothermolysis targeting melanin or water in the epidermis,

but the success rate is variable and operator dependent. More-

over, hypopigmentation, post-inflammatory hyperpigmenta-

tion, and even scarring may occur in spite of careful use of

these therapies [4–7]. The treatment of hyperpigmentation in

superficial post-burn scars is therefore a common and chal-

lenging problem for dermatologists and plastic surgeons, es-

pecially in patients with darker skin.

Micro-plasma radiofrequency treatment has recently been

used for minimally ablative fractional resurfacing of scars.

The radiofrequency energy acts on nitrogen gas to form a grid

of high-energy foci called plasma sparks, resulting in a portion

of the atoms being ionized and applied evenly onto the skin.

This causes mild ablation of the epidermis with formation of

micro-channels, heating of the dermis and subcutaneous tis-

sues by the powerful radiofrequency energy with minimal

thermal injury to the surrounding tissues. In the porcine skin

model reported by Halachmi et al. [8], the thermal energy

extended to a depth of 100–150 μm and a diameter of 80–

120 μm, depending on the radiofrequency power and pulse

duration. Micro-plasma radiofrequency treatment results in

controlled thermal modification of the underlying dermis,

with new collagen synthesis and collagen remodeling. Some

researchers have reported successful use of this treatment for

acne scars [8, 9], facial rhytids [8, 10], traumatic scars [11],

and mesh skin grafted scars [12], with minimal downtime and

few adverse effects. This report introduces a new treatment

method for post-burn hyperpigmentation and reports our ex-

perience with this treatment.

Patients and methods

Patients

The study group included 35 healthy Asian patients (13

males, 22 females) with an age range of 6–40 years and

Fitzpatrick skin type III or IV [13]. The patients all had a

history of facial superficial partial-thickness burns

resulting in superficial scarring and permanent hyperpig-

mentation ranging from pale brown to deep brown. Pa-

tients were excluded if they had undergone previous

dermabrasion or laser treatment, had used isotretinoin

within the past 6 months, or had a history of mental

illness, keloid scarring, impaired immune function, a car-

diac pacemaker or other metal implant near the site of

hyperpigmentation, or concomitant pregnancy. The study

period was June 2012 to July 2013.

Methods

The study was performed in accordance with the guidelines of

the 1964 Declaration of Helsinki. All patients gave written

treatment of informed consent, including permission for the

use of digital photographs. After cleaning the facial skin, the

area being treated was anesthetized with 10% lidocaine cream

(Qinghua Pharmaceuticals, Beijing, China) under plastic wrap

for 60–90min. Each patient underwent three to five treatments

at 8-weekly intervals using the micro-plasma radiofrequency

device (Alma Lasers, Israel). A roller tip was used with the

power setting at 60–90 W, and 3–4 passes were made in

different directions. Immediately after the treatment, patients

were asked to rate their pain level on a visual analog scale

from 0 to 10.

Patients were given comprehensive instructions regard-

ing post-procedure care after each treatment. Sterile saline

and erythromycin eye ointment were applied to the treated

area daily for 6 days to prevent infection. Patients were

instructed to apply sunscreen lotion (sun protection factor

≥30) to the treated area and to avoid physical trauma to

the skin, such as scratching or rubbing. Patients were

asked about any discomfort on the day of surgery and at

subsequent follow-up visits.

Assessment

For each patient, improvement of hyperpigmentation was

assessed by comparison of the difference in color between

the burnt skin and the adjacent normal skin on pre- and

post-treatment photographs. Standardized digital photo-

graphs using the same patient positioning, distance, light-

ing, and camera settings were obtained before treatment

and 2 months after the final treatment. The reduction of

hyperpigmentation and side effects were assessed for each

patient by the same two experienced plastic surgeons who

were blinded to the patient details and treatment method.

Two months after the last treatment, patients were asked

to evaluate their improvement using the same categories

and scales.

Improvement of hyperpigmentation was graded using

the following scale: excellent (76–100 % improvement,

5), good (51–75 % improvement, 4), fair (26–50 % im-

provement, 3), poor (1–25 % improvement, 2), and none

(0 % improvement, 1).

Table 1 Complications (n=35)

VAS pain score (0–10), mean±SD 6.7±0.7

Epithelization time (days), mean±SD 7.0±1.2

Infections 0

Hyperpigmentation 0

Hypopigmentation 0

Worsening of scarring 0
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Results

Thirty-five Asian patients (13 males, 22 females) with a mean

age of 23.7 years were enrolled in the study. All patients

completed three to five treatments according to the protocol

and were included in the final analysis.

All patients were satisfied with their treatment and noticed

improvement without serious adverse effects such as infec-

tion, hyperpigmentation, hypopigmentation, or worse of scar-

ring. The only complaint was about pain during treatments,

with a mean pain score on the visual analog scale of 6.7±0.7.

The facial punctate crusts began to fall off on the fifth day and

completely disappeared on the seventh day after each treat-

ment. The mean epithelialization time was 7.0±1.2 days

(Table 1).

The patients and the two plastic surgeons rated the im-

provement of hyperpigmentation at 2 months after the last

treatment using the five-point scale described above. Accord-

ing to assessments by the surgeons, the improvement of

hyperpigmentation was excellent in 37.1 % of patients (13/

35), good in 54.3 % (19/35), fair in 8.6 % (3/35), and poor in

0 % (0/35) (Table 2). The mean score for improvement of

hyperpigmentation was 4.28. According to assessments by the

patients, the improvement of hyperpigmentation was excellent

in 11.4 % of patients (4/35), good in 77.1 % (27/35), fair in

11.4 % (4/35), and poor in 0 % (0/35) (Table 2). The mean

score for improvement of hyperpigmentation was 4. The

patients also reported some softening of the scars, despite little

improvement in scar appearance. Three representative cases

are shown in Figs. 1, 2, and 3.

Discussion

Post-burn facial hyperpigmentation in superficial scars is a

constant reminder to patients of the trauma they experienced

and often leads to severe psychological suffering. The most

commonly used nonsurgical treatments for such hyperpig-

mentation include topical agents and laser treatment. Howev-

er, long-term outcomes show that use of topical agents has

limited effectiveness, and conventional fractional laser treat-

ment is associated with adverse effects such as

hypopigmentation, post-inflammatory hyperpigmentation,

and erythema, especially in Asian patients [4–7]. The out-

comes after these treatments are also operator dependent.

Micro-plasma radiofrequency technology provides a new

treatment modality for facial post-burn hyperpigmentation.

The micro-plasma radiofrequency system is a novel device

that uses radiofrequency energy to convert nitrogen gas into a

grid of high-energy foci of matter called plasma. The plasma

causes mild epidermal ablation with rapid re-epithelialization,

as well as extensive dermal remodeling, including new colla-

gen synthesis and collagen remodeling. Micro-plasma radio-

frequency treatment has been used in clinical studies of the

treatment of scars and facial skin rejuvenation [8–12].

Halachmi et al. [8] reported the successful treatment of acne

scars and facial rhytids with multiple micro-plasma radiofre-

quency treatments at 35–50 W, which was well tolerated and

had a short recovery time. Wu et al. [14] reported an 83.33 %

rate of improvement of facial acne scars after three to five

micro-plasma radiofrequency treatments. Higashimori et al.

[12] showed that plasma treatment was clinically effective and

Fig. 1 Micro-plasma radiofrequency treatment (80 W, 3 passes, roller tip) of facial post-burn hyperpigmentation. a Before treatment, b 2 months after

the first treatment, c 2 months after the second treatment, and d 2 months after the third treatment

Table 2 Assessment of improvement of post-burn hyperpigmentation by

patients and by surgeons blinded to the treatment method

Hyperpigmentation improvement N (%)

Surgeon’s ssessment Patient’s

assessment

None (0 %) – –

Poor (1–25 %) – –

Fair (26–50 %) 3 (8.6) 4 (11.4)

Good (51–75 %) 19 (54.3) 27 (77.1)

Excellent (76–100 %) 13 (37.1) 4 (11.4)

Total: 35 cases

Percentages may total more or less than 100 because of rounding
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was associated with minimal complications when used to treat

mesh skin grafted scars in Asian patients.

Micro-plasma radiofrequency treatment of facial post-burn

hyperpigmentation has not previously been reported. Our

clinical experience shows that 3–5 micro-plasma radiofre-

quency treatments can result in obvious improvement of hy-

perpigmentation, with improvement of >51 % in 32 of the 35

patients. Thirteen of these 32 patients achieved excellent

improvement without complications. The mean score for im-

provement of hyperpigmentation was 4.28. Micro-plasma

radiofrequency treatment results in delayed mild epidermal

ablation and rapid healing [15], and the findings of this study

show that it is an effective and safe treatment for post-burn

hyperpigmentation. However, the mechanisms underlying im-

provement of hyperpigmentation, and the effects of this treat-

ment on melanocyte function, are still unclear. It is important

to establish a stable and reliable animal model to further

investigate this treatment. In addition, the majority of patients

reported some softening of the scars after a series of treat-

ments, even though there was no significant improvement in

appearance. Administration of a larger number of treatments

may further improve the facial scars of some patients.

The micro-plasma radiofrequency device can be used with

a roller tip or a stationary tip. The stationary tip is useful when

the scar has many peaks and valleys, such as an acne scar. The

roller tip can easily be rotated in different directions, which is

convenient for the operator. According to Halachmi et al. [8],

the whole face can be treated within 10 min using a roller tip.

The roller tip may therefore be more suitable for the treatment

of larger burn areas. In contrast to treatment using laser

devices, no special protective eyewear is required for either

the operator or the patient, as the micro-plasma radiofrequen-

cy device produces only tiny sparks. Unlike aggressive abla-

tion techniques, the micro-plasma radiofrequency technique is

minimally operator dependent when compared with CO2laser

treatment and is safe even when used with high energy and

when performing double passes [9, 16, 17]. However, opera-

tors should receive formal training of plasma treatment and

learn how to choose good clinical indications, in order to

avoid the occurrence of adverse effects.

In conclusion, our results show that micro-plasma ra-

diofrequency technology is effective and safe for the

treatment of post-burn hyperpigmentation in Asian pa-

tients. No severe adverse effects were observed when

used in patients with Fitzpatrick skin type III or IV.

However, this technology has some important limitations.

Patients often complained of pain during treatment, and

future clinical studies should evaluate methods of allevi-

ating this pain, such as by using a forced cool air chiller

before treatment. For those patients with extreme fear in

Fig. 3 Micro-plasma radiofrequency treatment (80 W, 4 passes, roller

tip) of facial post-burn hyperpigmentation. aBefore treatment, b 2months

after the first treatment, c 2 months after the second treatment, and d

2 months after the third treatment. This patient also underwent scalp

expansion using a skin expander, forehead scar resection, and scalp

expansion skin flap reconstruction for cicatricial alopecia. b, c Two

rounded injection ports on the left forehead

Fig. 2 Micro-plasma radiofrequency treatment (80 W, 3 passes, roller tip) of facial post-burn hyperpigmentation. a Before treatment, b 2 months after

the first treatment, c 2 months after the second treatment, and d 2 months after the third treatment
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mind, it is better to perform plasma treatment under se-

dation anesthesia. Patients will finish the treatment in a

few minutes of sleep without any pain. Although it in-

creases a certain economic costs, sedation anesthesia is

the best way to alleviate the pain. Moreover, although the

skin was carefully protected from sun during the treatment

period, and it is unknown whether hyperpigmentation will

recur in the long term. Further investigation is needed to

determine outcomes at 6 months or longer after the final

treatment.
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