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aBstract

Background and objective: Fractional laser therapy (FLT) has become a widely accepted 
modality for skin rejuvenation, and has also been used in various other skin diseases. 
Aim of this study was to compare long-term histological effects of non-ablative and 
ablative FLT in the treatment of pigment disorders.

Materials and Methods: A randomized controlled observer-blinded study was 
performed in 18 patients with pigment disorders. In each patient, two similar test-
regions were randomized to receive either FLT with intermittent topical bleaching 
(to prevent laser-induced postinflammatory hyperpigmentation) or topical bleaching 
alone (to allow comparison of the regions). Patients with ashy dermatosis and 
postinflammatory hyperpigmentation were treated with non-ablative 1,550 nm FLT 
(15 mJ/microbeam, 14-20% coverage), whereas patients with Becker’s nevus were 
treated with ablative 10,600 nm FLT (10 mJ/microbeam, 35-45% coverage), for a 
total of three to five sessions. Biopsies were obtained three months after the last 
treatment, and analyzed by a blinded dermatopathologist.

Results: Clinical results have been described in two previous studies. At follow-
up, dermal fibrosis was observed in four patients treated with ablative FLT. This 
complication was not observed in patients treated with non-ablative FLT. Thus 
development of fibrosis was seen significantly more often in patients treated with 
ablative as compared to non-ablative FLT (p<.05).

Conclusion: With these laser settings, ablative fractional laser therapy induces 
formation of fibrosis, whereas treatment with non-ablative fractional laser therapy 
does not. Whether formation of fibrosis has to be regarded as dermal remodeling or 
a subtle subclinical form of scarring should be investigated in future research.
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introduction

Fractional laser therapy (FLT) has become a widely accepted modality for skin 
rejuvenation and the treatment of scars. Dermal remodeling and neocollagenesis is a 
key feature that results from ablative and non-ablative modalities of FLT. Non- ablative 
FLT generates multiple small sized coagulated zones, separated by surrounding 
untreated tissue.[1] It has been suggested that the microscopic treatment zones 
involved allow transport and extrusion of microscopic epidermal necrotic debris 
including melanin and dermal material through a compromised dermal–epidermal 
junction, making non-ablative FLT a potentially useful treatment option for pigment 
disorders.[1,2] In ablative FLT, additional to coagulation, ablation of microscopic 
treatment zones takes place, that potentially enhances dermal remodeling. Generally, 
a visible wound does not appear because the microscopic treatment zones have a 
diameter <100 μm.[1] Because only part of the skin surface is treated in one session, 
recovery is relatively fast. Histological studies have shown that permanent tissue 
damage is usually minimal or absent after either non-ablative or ablative FLT.[3,4] 
Only one study reported increased collagen deposition and fibrosis after ablative FLT 
in human skin, and histological comparisons between non-ablative and ablative FLT 
have not been published.[5]

The aim of this study was to compare the histological outcome of non-ablative 
and ablative FLT three months after four to five treatments.

Patients, materials and methods

Patients
Skin biopsies were obtained from 18 of 25 patients participating in two randomized 
clinical trials, with the non-ablative and ablative fractional laser for the treatment 
of pigment disorders. Patients, materials, methods and results have been described 
extensively in two previous studies (Kroon et al., submitted).[6]

Briefly, 18 patients with ashy dermatosis (AD; n=6), postinflammatory 
hyperpigmentation (PIH; n=4), and Becker’s nevus (BN; n=8) were enrolled in this 
randomized controlled observer-blinded study. Patients older than 18 years with 
Fitzpatrick skin types II-V were recruited from the outpatient clinic of the Netherlands 
Institute for Pigment Disorders at the Academic Medical Center in Amsterdam. Verbal 
and written information was given. The study protocol was approved by the local 
medical ethics committee.

In each patient, two similar square test regions of approximately 3x3 cm were 
randomized to receive either FLT in combination with intermittent topical bleaching 
(to prevent laser-induced PIH) or the same intermittent regimen of topical bleaching 
alone (to allow comparison of the regions). Patients with AD and PIH were treated 
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with 1,550 nm non-ablative FLT, whereas patients with BN were treated with ablative 
10,600 nm FLT. The randomization involved sealed envelopes opened in ascending 
order in which the allocation was indicated. This list was based on a digitally created 
random list (GraphPad Software, Inc., La Jolla, CA) generated by an independent 
cooperator. All patients received the same intermittent regimen of triple topical therapy 
(hydroquinone 5%, tretinoin 0.05%, triamcinolone acetonide 0.1%) cream. Patients 
were instructed to apply the cream once a day in the evening on both treatment and 
control site from the second week after each treatment until the next laser treatment.

Fractional laser therapy
Patients with AD and PIH were treated with a 1,550 nm non-ablative fractional laser 
(Fraxel re:store laser, Solta Medical Inc., Hayward CA) at four to five sessions. One 
treatment session involved eight FLT passes to create an estimated final coverage 
of 20% (corresponding to level 7) in patients with skin type II, 17% (corresponding 
to level 6) in patients with skin type III or IV, and 14% (corresponding to level 5) 
in patients with skin type V. Four passes were made in one direction and four 
perpendicularly. The energy per microbeam was 15 mJ (Table 1). During treatment, 
cooling of the skin was achieved using a Zimmer Cryo 6 Cold Air Device (Phoenix 
Medical, Inc., Phoenix, AZ).

Patients with BN were treated with a 10,600 nm ablative fractional laser (Fraxel 
re:pair laser, Solta Medical Inc., Hayward, CA) at three sessions. One treatment session 
involved four FLT passes to create an estimated final coverage of 45% (corresponding 
to level 11) in patients with skin type II, and 35% (corresponding to level 9) in patients 
with skin type III-V. Two passes were made in one direction and two perpendicularly. 
The energy per microbeam was 10 mJ (Table 1). 

We assumed that the type of pigment disorder had no influence on dermal 
remodelling and the induction of fibrosis.

In all patients, anesthesia consisted of topical 2.5% lidocaine and 2.5% prilocaine 
ointment (EMLA cream ®) two hours prior to each treatment. 

Histopathological assessment
Three months after the last laser treatment, 2 mm punch biopsies were taken for light 
microscopic evaluation of the treatment induced changes. Of each patient, a biopsy 
was taken from the optical center of both the treated site and the control site of the 
lesion. Biopsies were fixed in buffered formalin, and after paraffin embedding, 5 μm 
sections were stained with hematoxylin and eosin (H&E) stain for routine histological 
observations. In each of these biopsies the extent of fibrosis was determined per 
high power field using a Zeiss Axioskop 2 microscope (magnification x400; Carl 
Zeiss MicroImaging Inc, Thornwood, NY). Extent of fibrosis was scored as absent 
(0), minimally present (1) or present (2). All stained sections were screened by a 
dermatopathologist who was blinded to information on the site (control or treated) 
of which the biopsies were taken.
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Statistical analysis
Means, standard deviations, and two-tailed homoscedastic Student’s t-tests were 
performed with Statistical Package for the Social Sciences 16.0 (SPSS, Chicago, IL).

results

Skin biopsies were obtained from 18 of 25 patients participating in the clinical trials. 
With the used laser settings, non-ablative FLT was not effective for the treatment of 
ashy dermatosis and postinflammatory hyperpigmentation (Kroon et al., (submitted). 
However, ablative FLT was moderately effective in some patients with BN. Of note, 
postinflammatory hyperpigmentation was a frequently observed side effect.[6] No 
clinical signs of a scar or fibrosis were seen in all patients.

Patient characteristics are described in Table 2. Mean energy was 0.16 kJ per non-
ablative and 0.11 kJ per ablative FLT session.

Non-ablative fractional laser
H&E staining revealed varying degrees of dermal or epidermal hyperpigmentation, 
consistent with AD and PIH. At three months follow-up, H&E staining showed no 
definitive evidence of microscopic treatment zones at the region treated with non-
ablative FLT; rete ridges were normal and no microscopic epidermal necrotic debris 
was present. No significant differences in collagen deposition between the region 
treated with non-ablative FLT and the control region were observed. No signs of 
fibrosis were seen at the region treated with non-ablative FLT (Fig. 1a).

table 1 Settings of non-ablative and ablative fractional laser therapy (FLT) used in this study

1,550 nm non-ablative fLT 10,600 nm ablative fLT

Pulse energy per microbeam 15 mJ/microbeam 10 mJ/microbeam

Level

skin type II level 7 (20% coverage) level 11 (45% coverage)

skin type III level 7   (20% coverage) level 9 (35% coverage)

skin type IV level 6   (17% coverage) level 9 (35% coverage)

skin type V level 5   (14% coverage) level 9 (35% coverage)

Number of passes per session 8 4

Mean treated area per patient (cm2) 9 9

Mean number of treatments 4.1 (2-5) 2.7 (1-3)

Mean energy per treatment 0.17 kJ 0.11 kJ

Levels of fractional laser correspond to a certain density of treatment.
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Ablative fractional laser
H&E staining revealed elongated, blunted rete ridges with basal epidermal 
hyperpigmentation characteristic for BN at both treated and control region at 
three months follow-up. In addition, smooth muscle hypertrophy in the dermis 
was observed. No definitive evidence of microscopic treatment zones at the region 
treated with non-ablative FLT was found. However, four out of eight patients (extent 
of fibrosis score: 2) developed dermal fibrosis due to increased collagen deposition 
at the region treated with ablative FLT compared to the control region (Fig. 1b). 
Clinically, no scar formation was noted. Three of these patients had skin type II, and 
one patient skin type IV. Two of these four BN were located on the torso, and two on 
the upper extremities.  

Comparing non-ablative and ablative FLT, treatment with ablative FLT was 
associated with a significantly higher occurrence rate of dermal fibrosis (p<.05).

table 2 Characteristics of 18 patients with Becker’s 
nevus (BN), ashy dermatosis (AD) and postinflammatory 
hyperpigmentation (PIH)

PIH (N=4) Ad (n=6) BN (n=8)

Male:female ratio 00:04 03:03 05:03

Mean age 41 41 27

Disease duration (y) 18 6 11

Skin type

II - - 5

III - 1 2

IV 1 5 1

V 3 - -

Localization

Head/neck 1 1 -

Torso 1 5 5

Upper extremity 1 - 3

Lower extremity - - -

Previous treatments

Laser (unknown) - - 2

Bleaching creams 4 2 -

Corticosteroid creams - 5 -

None - - 6
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discussion

In this study, formation of dermal fibrosis at three months follow-up was observed 
in half of the patients treated with ablative FLT, whereas no fibrosis was observed 
in patients treated with non-ablative FLT. The occurrence of fibrosis after ablative 
FLT might be merely a sign of transient dermal remodeling which is supposed to 
be responsible for the skin tightening effect generally attributed to FLT.[7] In that 
case, our data would suggest that dermal remodeling following ablative FLT is more 
rigorous than following non-ablative FLT, which may enhance treatment efficacy. On 
the other hand, if fibrosis is persistent, it may be indicative of subtle subclinical scar 
formation due to FLT.

To date, no studies have been conducted comparing the histological effects of 
non-ablative and ablative FLT. However, the long-term histological effects of non-
ablative and ablative FLT have been described in several studies separately. Three 
months after non-ablative FLT, histological evidence of laser induced microscopic 
treatment zones is usually absent and the initial inflammatory infiltrate has resolved. 
Newly formed collagen in the treated areas has become continuous with preexistent 
collagen in the untreated areas and the occurrence of fibrosis has not been reported 
so far.[1,3,4] In addition, clinically manifest scarring has not been observed. On the 
other hand, an increase in the undulation of rete ridge patterns suggestive of skin 
tightening has been demonstrated three months after treatment.[1]

In contrast, after ablative FLT, signs of dermal remodeling have been demonstrated 
even at long-term follow-up. An increase in heat shock protein 47 was found 
consistent with continued diffuse collagen synthesis and remodeling three months 
after ablative FLT.[7] These findings were confirmed in a study by Helbig et al., 
although follow-up was only two weeks.[8] In addition, formation of dermal fibrosis 
was observed eight weeks after ablative FLT in a study by Berlin and colleagues using 
H&E staining.[5] Clinically evident scarring in the neck due to ablative FLT has been 
reported in a limited number of cases.[8,9] 

The main limitations of the present study are: (i) patients were not randomly 
allocated to either non-ablative or ablative FLT as we report results from two within-
patient randomized trials; (ii) no pretreatment biopsies were taken, (iii) the number 
of patients was small, (iv) H&E staining for routine histology, and (v) follow-up may 
have been too short to assess if fibrosis was persistent. 

Firstly, patients were not randomized to receive either non-ablative or ablative FLT. 
Instead, allocation was determined by the patient’s skin disorder. However, none of 
the patients had any clinical textural changes or histological dermal changes besides 
smooth muscle hypertrophy in BN, therefore we assumed that patients with BN have 
a similar dermal response to injury as patients with AD and PIH.

Furthermore, no pretreatment biopsies were obtained, so that comparison of 
histological characteristics within the same region before and after FLT was not 
possible. However, our study has a randomized split-lesion design, i.e. in each patient 
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fig 1.  Biopsy specimens from four patients at three months follow-up. No fibrosis was seen in the 
specimens treated with non-ablative FLT (right panel) versus their control biopsies (left panel). (a). 
Formation of fibrosis was seen in patients treated with ablative FLT (left panel) versus their control 
biopsies (right panel) (b).

Increased fibrosis after ablative FLT vs non-ablative FLT

Fig 1. Biopsy specimens from four patients at three months follow-up. No fibrosis was seen in the specimens 

treated with non-ablative FLT (right panel) versus their control biopsies (left panel). (a). Formation of fibrosis 

was seen in patients treated with ablative FLT (left panel) versus their control biopsies (right panel) (b).

a

Increased fibrosis after ablative FLT vs non-ablative FLT

b

b

a
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two similar test regions were randomized to receive either a combination of FLT and 
topical bleaching, or topical bleaching alone. As a result, a reliable comparison could 
be made between treated and untreated lesional skin. As biopsies were routinely 
stained with H&E and were only 2 mm in diameter, there was unfortunately not 
enough material left to extra stain with picrosirius red. Although this might have 
been even more informative, a more sensitive staining like picrosirius red may reveal 
additional cases with limited fibrosis and therefore demonstrate an even higher 
proportion of patients with fibrosis.

It should be noted that the energy per microbeam was higher in the patients 
treated with non-ablative FLT. However, the coverage was 14-20% in non-ablative 
FLT, but 35-45% in ablative FLT.  These differences in settings may contribute to the 
formation of fibrosis. Recent work has shown that only minimal differences in dermal 
remodeling were observed between lower and higher microbeam energy settings (15 
versus 70 mJ/microbeam) in non-ablative FLT.[10] Therefore, differences in energy 
settings in the non-ablative FLT group do not seem responsible for the observed 
differences in fibrosis. Due to the small number of patients included in this study, we 
could not demonstrate an association between the occurrence of fibrosis and specific 
patient characteristics or laser settings. Therefore, it is not clear why certain patients 
treated with ablative FLT developed dermal fibrosis, and others did not.

In conclusion, the treatment of ablative fractional laser therapy at 10 mJ and 
coverage of 35-45% predisposes to the formation of fibrosis, whereas treatment 
with non-ablative fractional laser therapy at 15 mJ is probably not associated with the 
formation of fibrosis. It is unclear whether formation of fibrosis should be attributed 
to the process of dermal remodeling and is thus a desirable effect, or if it should 
be regarded as a subtle subclinical form of scarring. In this respect, further research 
with a larger cohort of patients is mandatory to assess for specific patient associated 
factors, which may increase the risk of the formation of fibrosis after FLT. Finally, the 
long-term clinical implications of fibrosis observed in histological specimens should 
be investigated in future studies.
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