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aBstract

Background: Various treatments are available for melasma at present. However, 
results are often disappointing. 

Objective: To assess the efficacy and safety of non-ablative 1,550 nm fractional laser 
therapy and compare results with those obtained with triple topical therapy (the gold 
standard).

Methods: Twenty female patients with moderate to severe melasma and Fitzpatrick 
skin types II-V were treated either with non-ablative fractional laser therapy or triple 
topical therapy (hydroquinone 5%, tretinoin 0.05% and triamcinolone acetonide 
0.1% cream) once daily for eight weeks in a randomized controlled observer-blinded 
study. Laser treatment was performed every two weeks for a total of four times. 
Physician’s global assessment (PhGA) was assessed at 3 weeks, 3 months and 6 
months after the last treatment.

Results: The PhGA had improved (p<0.001) in both groups at 3 weeks. There was 
no difference in PhGA between the two groups. Mean treatment satisfaction and 
recommendation were significantly higher in the laser-group at three weeks (p<0.05). 
However, melasma recurred in five patients in both groups after 6 months. Side 
effects in the laser group were erythema, burning sensation, facial edema, and pain; 
in the triple group erythema, burning, and scaling.

Limitations: A small number of patients; only one set of laser parameters; and a 
possible difference in motivation between groups.

Conclusions: Non-ablative fractional laser therapy is safe and comparable in efficacy 
and recurrence rate to triple topical therapy. It may be a useful alternative treatment 
option for melasma when topical bleaching is ineffective or not tolerated. Different 
laser settings and long-term maintenance treatment should be tested in future 
studies.
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introduction

Melasma is a common pigment disorder, which often causes significant emotional 
and psychosocial distress in patients. It adversely affects the patient’s quality of life.1 
Melasma is encountered in all skin types, but is particularly seen in women with 
Fitzpatrick skin types IV-VI.2 The pathogenesis of melasma is not fully understood. 
Genetic background and sun exposure seem to be the most important etiologic 
factors besides pregnancy, systemic drugs, hormonal medications and phototoxic or 
photoallergic cosmetics.3

Melasma is often difficult to manage because of its refractory and recurrent 
nature. Current treatments include topical bleaching creams, chemical peels and laser 
therapy. However, results are often disappointing. Treatment of choice is a triple 
topical therapy, a topical bleaching that was first introduced in 1975 as Kligman 
formula and consists of hydroquinone (HQ) 5%, tretinoin 0.1% and dexamethasone 
0.1%. Nowadays, dexamethasone is frequently replaced by various other moderately 
potent to potent corticosteroids.4,5 The results of laser therapy and intense pulsed light 
therapy in melasma are generally disappointing and treatment is limited by adverse 
effects such as the occurrence of postinflammatory hyperpigmentation, especially in 
dark-skinned patients. Therefore, the use of these devices is controversial.6,7

Recently, non-ablative fractional laser therapy at 1,550 nm was reported as a 
treatment for melasma.8,9 At this wavelength water absorption is predominant. 
In fractional laser therapy multiple small sized coagulated zones are separated by 
surrounding untreated tissue.10 It was reported that these microscopic treatment 
zones allow transport and extrusion of microscopic epidermal necrotic debris including 
melanin from melanocytes through a compromised dermal-epidermal junction.10,11 
Generally, a visible wound does not appear because these microscopic treatment 
zones have a diameter less than 100 micrometer.10 The stratum corneum was found 
to be intact after 24 hours.12,13 The recovery is relatively fast because only part of the 
skin surface is treated in one session. 

Currently, non-ablative fractional laser therapy is regularly used in patients with 
melasma, although there is minimum evidence for its efficacy and controlled trials are 
lacking. The aim of the present study was to assess the efficacy and the safety of non-
ablative 1,550 nm fractional laser therapy and to compare results with those obtained 
with the triple topical therapy (the gold standard) in the treatment of melasma. 

Patients and methods

Study design / Patients
A randomized controlled observer-blinded study was performed in 22 female patients. 
Patients were older than 18 years, had Fitzpatrick skin types II-V and suffered from 
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moderate to severe melasma. They were recruited from the outpatient clinic of 
the Netherlands Institute for Pigment Disorders at the Academic Medical Center 
in Amsterdam (Table I). Two patients (one in each treatment group) did not start 
any treatment for reasons not related to the study, resulting in 10 patients in each 
group. The study protocol was approved by the local medical ethical committee and 
was registered in the ISRCTN trial register (ISRCTN84133969). Risks, benefits, and 
potential complications were communicated with the patients and informed written 
consent was obtained. None of the patients had used bleaching creams or topical 
steroid creams for at least four weeks prior to entering the study. Exclusion criteria 

table i Patient characteristics of laser group (a) and triple group (b)

a

Patient Age (years) Skin type melasma type* Previous therapy disease duration (years) 

  1 36 II dermal - 2 

  2 41 II mixed AA 2

  3 36 III epidermal AA 2    

  4 36 III epidermal AA 4

  5 49 III epidermal AA, P 6

  6 36 III epidermal HQ, TTT, P 20

  7 41 IV epidermal TTT 4

  8 38 IV epidermal AA, TTT 3

  9 52 IV dermal AA 20

10 55 V dermal AA 7

mean 35.3 7.2

b

11 25 II epidermal AA 0.3

12 34 II epidermal AA 3

13 47 II epidermal AA 14

14 31 III epidermal - 5

15 35 III epidermal TTT 7

16 31 III epidermal TTT 9

17 41 III epidermal AA, TTT 7.5

18 36 IV mixed - 2

19 36 IV mixed AA, P 4

20 37 V dermal AA, TTT, P 20

mean 42.0 7.0

HQ, Hydroquinone; TTT, Triple Topical Therapy; AA, Azelaic Acid; P, Peeling
- No previous therapy
* As assessed by Wood’s lamp examination
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were: history of keloids, active eczema, active facial acne, history of facial eczema, 
suspected hypersensitivity to lidocaine or triple topical therapy, use of isotretinoin in 
the past six months (generally accepted practice in laser treatments), pregnancy and 
high exposure to sunlight or UV light (UVA or UVB).  Type of melasma was assessed 
by Wood’s lamp examination.14,15 All patients were instructed to use sunscreen (SPF 
50+) every three hours when outside. 

The patients were enrolled and randomly assigned to the triple topical therapy or the 
laser therapy group using sealed envelopes numbered from 1-22 in which the allocation 
was indicated. The envelopes were opened in ascending order. The randomization was 
based on a digitally created random list (Graphpad Software Inc., La Jolla, CA). 

Both groups started treatment at the beginning of November and treatment 
ended in December. Topical bleaching was started in the laser group when melasma 
recurred and restarted if this occurred in the triple therapy group. For these patients 
with a recurrence the study ended, and they were not included in the later follow-up.

Triple topical therapy
Ten patients received triple topical therapy (HQ 5%, tretinoin 0.05%, triamcinolone 
acetonide 0.1% cream) for 8 weeks. Patients were instructed to apply the cream 
once a day in the evening on all the hyperpigmented macules. They were contacted 
by telephone for the occurrence of any side effects 3 weeks after the start of the 
treatment. The follow-up visits were scheduled at 3 weeks, 3 months and 6 months 
after the last treatment day. 

Non-ablative fractional laser therapy
Ten patients were treated in four non-ablative 1,550 nm fractional laser therapy 
sessions. The inter-treatment interval was 2 weeks. Anesthesia consisted of topical 
2.5% lidocaine and 2.5% prilocaine ointment applied an hour before each treatment. 
A 1,550 nm Er:glass non-ablative laser (Fraxel Re:store laser, Reliant Technologies Inc., 
Mountain View, CA) was used at the recommended settings. Each treatment session 
involved eight fractional laser passes to create an estimated final density of ~2000-
2500 microscopic treatment zones per cm2. Four passes were made in one direction 
and four perpendicularly. The energy per microbeam was 10 mJ. Skin types II and III 
were treated at ~20% coverage (level 7) and skin types IV and V at ~14% coverage 
(level 5). The follow-up visits were scheduled at 3 weeks, 3 months and 6 months 
after the last treatment day.

Patient-reported outcomes
All side effects were documented and patients were asked to score erythema, edema, 
crusting and blistering on a scale from 0 to 3. Patients were asked to score the 
improvement of hyperpigmentation on a visual analogue scale from 0 to 10 with 
0 as no improvement and 10 as the best possible improvement (Patient’s Global 
Assessment, PGA). Patients were also asked whether they would recommend the 
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treatment to their friends and colleagues. Pain in the laser group was recorded on a 
scale from 0 to 10 (PGA) after the first and the third treatment session.

Reflectance spectroscopy 
The melanin index was measured using reflectance spectroscopy (DermaSpectrometer, 
Cortex Technology, Hadsund, Denmark) at the start of the treatment and during 
follow-up to assess the improvement in hyperpigmentation. The mean of three 
measurements was taken. The darkest macule was selected for assessment and 
compared with the perilesional normal skin. These locations were documented using 
a charcoal pencil and digital photography and assessed during the follow-up visits.

Physician’s Global Assessment and the melasma area and severity 
index
As recommended in the guidelines for clinical trials in melasma,16 a blinded observer 
dermatologist performed the Physician’s Global Assessment (PhGA) as the main 
outcome parameter. Photographs taken under standardized conditions with a digital 
camera (Canon G6, Canon Components Inc., Saitama, Japan) before treatment and 
during follow-up were used. The improvement of hyperpigmentation was scored 
on a scale from 0 to 6 (0: total clearance (100% improvement), 1: almost total 
clearance (90% improvement), 2: distinct clearance (75% improvement) 3: moderate 
clearance (50% improvement) 4: mild clearance (25% improvement) 5: no change, 
6: worsening of hyperpigmentation).16

The blinded observer dermatologist also calculated the melasma area and severity 
index (MASI) from the digital photographs. The MASI quantifies the extent of the lesion, 
the darkness and the homogeneity of the hyperpigmentation. Each of the four areas 
(forehead, perioral region / chin, right malar and left malar regions) was scored. The 
sum of the severity rating for the darkness and the homogeneity is multiplied by the 
numerical value of the areas involved in order to calculate the MASI (range 0 to 48).16

Statistical analysis
We calculated that a sample size of 18 patients would have a power of 80% with an 
α of 0.05 to detect a difference of 10% in the PhGA assuming a standard deviation 
of 50%. Means, standard deviations, two-tailed homoscedastic Student’s t-tests, 
Fisher’s exact tests, binomial tests, and Chi-square tests were performed using 
Statistical Package for the Social Sciences 16.0 (SPSS, Chicago, IL) in patients who 
complied with the protocol. 
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results

The characteristics of the twenty treated patients are listed in Table I. Mean energies 
per consecutive laser treatment were 1.7, 2.1, 2.1 and 1.9 kJ respectively. The PGA 
at three weeks follow-up was 7.0 for the laser group vs 5.2 for the triple therapy 
group (Figure 1a). This was not a statistically significant difference and also within the 
groups no significant difference was found. The PhGA showed a distinct improvement 
in both the groups at the 3 weeks follow-up (p<0.001; Fig. 2). The PhGA gradually 
returned in both groups to the baseline at the 3 months and 6 months follow-up 
(compared with the baseline, p=0.9 and p=0.9, respectively) (Figure 1b). There 
was no statistically significant difference between the groups with respect to either 
improvement or worsening. The same applied to the melanin index and the MASI. 
However, the mean treatment satisfaction (8.3 vs 5.3; p<0.05 (Table II)) and the 

FLT vs TTT for the treatment of melasma; a pilot study

Fig 1. Patients’ Global Assessment (a) and Physicians’ Global Assessment (b). laser group, triple group.

a 

b
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fig 1. Patients’ Global Assessment (a) and Physicians’ Global Assessment (b).  •laser group,  O triple 
group.

Patients’ Global Assessment: im-
provement of hyperpigmentation 
was scored on a visual analogue 
scale from 0 to 10, with zero as no 
improvement and 10 as best imagin-
able improvement. 
Physicians’ Global Assessment: im-
provement of hyperpigmentation was 
scored on a scale from zero to six.
0: total clearance (100% improve-
ment), 1: almost total clearance 
(90% improvement), 2: distinct 
clearance (75% improvement), 
3: moderate clearance (50% im-
provement) 4: mild clearance (25% 
improvement) 5: no change, 6: 
worsening of hyperpigmentation

b

a
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treatment recommendation (100% vs. 50%; p<0.05) were both significantly higher 
in the laser group at the 3 weeks follow-up. 

Side effects in the laser group consisted of sunburn-like erythema (75%) and 
burning sensation (58%) both lasting one to three days. Moderate to severe facial 

fig. 2 Clinical photographs of a patient before treatment (a), and three weeks after four sessions of 
non-ablative fractional laser (b)

FLT vs TTT for the treatment of melasma; a pilot study

Fig. 2 Clinical photographs of a patient before treatment (a), and three weeks after four sessions of non-ablative 

fractional laser (b)

a

b

FLT vs TTT for the treatment of melasma; a pilot study

Fig. 2 Clinical photographs of a patient before treatment (a), and three weeks after four sessions of non-ablative 

fractional laser (b)

a

b

ba

table ii Melasma parameters of laser group (a) and triple group (b).  Recurrence of melasma led to 
restarting topical bleaching. The study was terminated in these patients and they were not included 
in the later follow-up (see Table III).

a

   Start     3 weeks        3 months  6 months

Patients at follow-up       - 10 10 8

Mean PGA+       - 7.0 ± 1.9 5.8 ± 2.3 4.4 ± 3.1

Mean satisfaction       - 8.3 ± 1.3 ¶ 7.1 ± 2.9 6.4 ± 3.4

Melanin index‡ 5.0 ± 5.6 3.8 ± 4.6 4.6 ± 6.6 7.3 ± 7.4

MASI 8.5 ± 3.6 6.6 ± 3.8 8.7 ± 5.5 18.0 ± 10.4

b

Patients at follow-up       - 10 5 3

Mean PGA+       - 5.2 ± 3.2 5.0 ± 2.6 6.7 ± 1.2

Mean satisfaction       - 5.3 ± 3.4 ¶ 5.5 ± 2.8 8.0 ± 1.0

Melanin index‡ 2.6 ± 2.2 3.4 ± 3.5 2.4 ± 2.3 2.9 ± 1.0

MASI 9.8 ± 6.5 6.9 ± 5.9 8.5 ± 7.1 15.1 ± 12.6

+Patient’s Global Assessment: improvement in hyperpigmentation was scored on a visual analogue 
scale from 0 to 10 with zero as no improvement and 10 as the best possible improvement. 
MASI, Melasma area and severity index
‡Melanin index measured by spectroscopy
¶ p<0.05
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edema lasting up to four days was reported by 40% of them. Blistering, crusting, 
scarring and hypo- or hyperpigmentation were not observed. Patients reported an 
average pain score of 6.4 on a 
scale from 0 to 10. All patients 
returned to work or normal 
activity immediately after the 
laser treatment. Reported 
side effects in the triple group 
were erythema (25%) and 
burning sensation (20%) 
that lasted for 30 minutes 
to 24 hours. Scaling was a 
frequent complaint (55%). 
In both groups no hypo- or 
hyperpigmentation was 
observed. Melasma recurred 
in five patients in each group 
during the follow-up (Table 
III). No significant differences 
between the recurrences of 
both groups regarding skin 
type or type of melasma were 
observed (Table IV).

table iii Number of patients from laser group (a) and triple group (b) per visit. 

a

Start     3 weeks     3 months 6 months

Patients at follow-up - 10 10 8

Recurrence# - 0 2 3

Total better than start   - 10 8 5

b

Patients at follow-up - 10 5 3

Recurrence# - 2 3 0

Total better than start - 8§ 2§ 3

#Recurrence of melasma led to restarting topical bleaching. The study was terminated in these patients 
and they were not included in the later follow-up. 
 §Three out of the eight patients did not appear at the 3 months follow-up. The two patients who 
were better at the 3 months follow-up than at the start were joined by one of these three patients 
resulting in three patients at the 6 months follow-up.

table iV Results in patients with recurrence. No 
significant differences between the recurrence of 
melasma, the skin type and the type of melasma were 
observed in laser group (a) and triple group (b)

a

Patient Skin type melasma type* Recurrence

3 III epidermal 6 months

6 III epidermal 6 months

7 IV epidermal 6 months

8 IV epidermal 3 months

9 IV dermal 3 months

b

14 III epidermal 3 months

16 III epidermal 3 months

18 IV mixed 3 months

19 IV mixed 3 weeks

20 V dermal 3 weeks

*As assessed by Wood’s lamp examination
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discussion

Non-ablative 1,550 nm fractional laser therapy proved to be a safe treatment option 
for patients including those with darker skin types (Fitzpatrick skin types IV and V) 
suffering from melasma in this study. The patients considered non-ablative 1,550 
nm fractional laser therapy to be a satisfactory and recommendable treatment. In 
both groups the PhGA showed a distinct improvement at the 3 weeks follow-up 
(p<0.001; Fig. 2). The PGA, melanin index and MASI showed no statistically significant 
differences neither within nor between the groups. Clinically, recurrence of melasma 
was encountered in the majority of both patient groups at the 6 months follow-up. 
These results indicate that triple topical therapy should still be considered as the 
gold standard in the treatment of melasma.7,16 There is a large number of reported 
studies and a lot of clinical experience with triple topical therapy in melasma. The 
costs are lower and the treatment is less painful. Non-ablative 1,550 nm fractional 
laser therapy was safe and comparable in efficacy and recurrence rate to triple topical 
therapy. It may be a useful alternative treatment option for melasma when topical 
bleaching is ineffective or not tolerated.

At present, there are six reported uncontrolled studies involving a total of 31 
patients with melasma who were treated with non-ablative fractional laser therapy 
using a 1,550 nm Fraxel Re:store laser (Reliant Technologies Inc.).8,9,13,17-19 There are 
no reports on non-ablative fractional laser therapy using other lasers. In the studies 
using the Fraxel Re:store laser, settings ranged from 2,000 to 3,500 microthermal 
zones per cm2 at six to 12 mJ per microbeam. The number of treatments ranged from 
one to six, with an interval of 1 to 4 weeks. A remarkable improvement of melasma, 
lasting up to six months post-treatment, was reported in one case study.8 The other 
30 patients had their last follow-up at 3 months with a remarkable improvement in 
22 patients and some improvement in 8 patients.9,13,17-19 The relatively short follow-up 
period in these studies as compared to that of our study may be an explanation for 
these better results.

Ultrastructural changes associated with non-ablative fractional laser therapy 
were evaluated in one of those studies in 10 of the 31 reported patients.13 Biopsies 
obtained before and three months after four treatments showed a decrease in the 
number of melanocytes. The authors suggested that non-ablative fractional laser 
therapy may delay repigmentation because a decreased number of melanocytes was 
still noted after approximately three epidermal turn-over cycles. This is consistent 
with our results where eight of the 10 patients showed no signs of recurrence at 
three months followup. However, it seems unlikely that non-ablative fractional laser 
therapy delays repigmentation over a prolonged period since recurrence was noted in 
5 of these 10 patients at the 6 months follow-up. 

The side effects of triple therapy such as erythema, burning sensation and scaling 
are well known, and comparable with reports from literature. Although the patient’s 
reported outcomes have their limitations and are not objective, the information on 
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these easily recognizable symptoms can be obtained via the telephone. Side effects 
of non-ablative 1,550 nm fractional laser therapy were also comparable with those 
reported by others with the exception of postinflammatory hyperpigmentation. None 
of our patients had signs of postinflammatory hyperpigmentation, whereas it was 
seen in two of the 31 cases described in the literature.9,19 Overall, the incidence of this 
complication is approximately 5% including the results of this study. In this respect, 
it should be noted that we used relatively conservative laser settings for dark-skin 
patients. Our average pain score of 6.4 is also almost identical to the 6.3 (both on a 
scale from 0 to 10) reported by Rokhsar and colleagues.9

Two very different treatment modalities were compared in this study. Triple 
topical therapy is known to be effective for epidermal melasma. Less improvement 
is seen in dermal melasma, possibly because of the limited penetration of the drugs 
into the dermis. Non-ablative fractional laser therapy is able to eliminate dermal 
material, whereby it potentially can be used to treat deeper dermal pathology, such 
as dermal and mixed melasma.11 A large cohort of patients will be necessary to prove 
this hypothesis, whereby an accurate assessment of the epidermal and the dermal 
melanin distribution is important. In our study, a general impression of the depth 
of the melanin distribution was obtained by Wood’s lamp examination. However, 
this method is less reliable for darker skin types (Fitzpatrick skin types V and VI).14,15 
Other diagnostic modalities such as the spectrophotometric intracutaneous analysis 
(SIAscope™) are available for a more precise non-invasive assessment of melanin 
distribution. Recently, it was elegantly demonstrated that melanin distribution as 
assessed with this technique correlated extremely well with the depth dependent 
concentrations of eumelanin in 30 subjects with different skin types.20 This modality 
may be useful in future studies for distinguishing reliably between dermal, epidermal 
and mixed melasma. 

The main limitations of our study are (i) a small number of included patients, (ii) 
a sample size, which was powered for PhGA only, (iii) laser settings that may have 
been suboptimal, (iv) and a possible difference in the motivation and the therapy 
adherence between the two groups. Although our sample size analysis predicted that 
inclusion of 18 patients would be sufficient, the limited number of patients available 
for the analysis at the 6 months follow-up indicates that our assumptions at start of 
the study were perhaps too optimistic. A possible shortcoming is also the fact that 
the non-significant results in and between the two groups for PGA, melanin index 
and MASI may be the result of a sample size that was powered for PhGA only. 

Experience with this new treatment modality in pigment disorders is limited. 
Currently, dose-response studies are lacking. We suggest that an increase in microbeam 
density may be beneficial in the treatment outcome; possibly at an increased risk 
of postinflammatory hyperpigmentation.21 However, in this and other studies, the 
number of patients was too limited to test this hypothesis. In general, the included 
patients hoped to be randomized to the non-ablative 1,550 nm fractional laser 
therapy, a new treatment option for melasma that was free of charge in this study, 
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possibly resulting in skin rejuvenation. This may have resulted in biased outcomes in 
terms of PGA. Firstly, patients in the laser group were better motivated to appear at 
the follow-up. Secondly, patients in the triple group may have been less motivated 
to apply triple topical therapy, and sunscreen as a protective measure consistently 
every three hours when outside. This could be explained by the fact that patients in 
the laser group were seen for laser treatment four times during eight weeks, whereas 
the triple group was only called three weeks after start of the eight-week-treatment. 
This may have decreased compliance for both usage of sunscreen, as well as triple 
topical therapy. The value of the results and the comparisons at the 3- and 6 months 
follow-up were somewhat limited by the lower motivation of the patients in the triple 
group to appear at the follow-up and the termination of the study in patients with 
a recurrence.

The relatively high number of patients with a recurrence at the follow-up was 
not regarded as a limitation of this study because this is inherent to the natural 
course of melasma. All the patients were treated in the winter months in order to 
minimize the seasonal variations in pigmentation at baseline and to reduce the sun 
exposure during the study. Thus, the follow-up at 3 months was in early spring and 
the last visit was in early summer. This time course may confound the outcomes by 
promoting spontaneous resolution in the winter, but also by increasing the likelihood 
of recurrence at the end of the study in early summer. 

Initially good results were seen at the short term follow-up. However, in both 
groups pigmentation worsened during the course of time. No significant differences 
were found between the two groups upon longer follow-up and the results at 6 
months (in the summer, without any active treatment) were worse than those at 
baseline (winter). Interestingly, in spite of this overall outcome, all laser patients 
would recommend this treatment option to their friends and colleagues, whereas 
only half of the patients in the triple group would recommend their therapy to others. 

In conclusion, in this study non-ablative 1,550 nm fractional laser therapy proved 
to be a safe treatment option for patients suffering from melasma, including those 
with darker skin types. Patients considered laser therapy to be satisfactory and 
recommendable. Topical bleaching should still be regarded as the gold standard in 
the treatment of melasma.7,16 The costs are lower and treatment is less painful. Non-
ablative 1,550 nm fractional laser therapy was safe and comparable in efficacy and 
recurrence rate to triple topical therapy. It may be a useful alternative when topical 
bleaching is ineffective or not tolerated.

In future studies a larger cohort of patients should be recruited in order to better 
compare treatment outcomes in epidermal and dermal melasma. Moreover, given 
the high recurrence rate and the absence of major side effects, optimization of laser 
parameters and long-term maintenance treatment with a bleaching regimen should 
be considered in future research.
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