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Background: Several studies confirm microscopic changes in the cutaneous architecture following various rejuvenation techniques 
using non-ablative lasers. 
Objective: To investigate the histological changes that occur after the application of an improved high-power 1064-nm fractional Q-
switched Nd: YAG laser, using different focusing tips. 
Material and Methods: Experimental skin resurfacing of the retroauricular area in 15 female volunteers, in three treatment sessions 
of one pass each, using the Clear Lift® laser (Alma Lasers, Israel) and five different focusing tips. Biopsies were taken before and 
immediately after the first treatment session, one month after the first session, and one month after the third session. A total of 60 
microscopic images were evaluated at a micrometric scale. 
Results: The five tips used caused characteristic and similar histological changes in both the dermis and the epidermis. The signs of 
thermal damage and the formation of new collagen were observed at different depths, in accordance with the focal length of each tip. 
Neo-formation of collagen with the increase, reorganization and compaction of fibers began one month after the first treatment ses-
sion, and was blindly confirmed, with all the tips used, one month after the third treatment session. 
Conclusion: The skin takes on a new conformation, with histological signs of skin rejuvenation, concordant with previous clinical ob-
servations. 
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 ABSTRACT

 INTRODUCTION

In 2012, the first clinical results were presented with a new 
fractional non-ablative Q-switched neodymium-doped YAG 
(Nd:YAG) 1064-nm laser, which combines the benefits of a 

non-ablative and fractional laser. The facial resurfacing treat-
ments were effective, practically painless, and without down-
time. In three treatment sessions, fine lines and wrinkles were 
reduced by 11.3% without adverse effects (besides temporary 
edema and erythema, and some cases of pinpoint petechiae) 
following multiple passes using energies between 400 and 1200 
mJ/pulse. The procedure was extraordinarily safe and without 
downtime.1 Subsequently, Gold et al presented the results of 
a more detailed study using the same laser, in a sample of ten 
women, including much higher improvement percentages: 70% 
for hyper-pigmentation, 80% for telangiectasia, 80% for laxity, 
and 60% for actinic keratosis. The maximum fluence was also 
1200 mJ/pulse, but he performed four treatment sessions.2 

It has been postulated that the action of this laser is due to sub-
dermal heating of the skin, and of the underlying extracellular 
matrix, causing contraction and tightening of the skin. To argue 
this effect, it should be noted that the focal point of the conven-

tional Q-Switched Nd:YAG 1064-nm laser had been aimed at the 
surface of the skin to target melanin pigment, thereby neces-
sitating its application in defocused mode to avoid crusting and 
splatter. Comparatively, the new laser has a focal point of 100 
µm, just beneath the epidermis, with greater penetration and 
the absence of epidermal crusting. Since the wavelength is ap-
plied directly to the skin surface instead of in defocused mode, 
a penetration depth of up to 3.5-4mm is expected, which may 
also play a role in the increased efficacy compared with prior 
modalities.1 On the other hand, it has been suggested, based 
on what is known about theoretically similar lasers, that the 
most important effects are due to a micro-thermal injury in the 
dermis that causes a proliferation of fibroblasts and stimulates 
new collagen formation, thickening the dermis and improving 
skin firmness and texture.2 Despite the extensive clinical ex-
perience of results with this device, its possible effects on the 
cutaneous architecture at a microscopic level have not yet been 
investigated.

Here, we analyze biopsies taken from female volunteers treated 
with the same laser used by other authors,1,2 recently perfected 
to allow double the maximum energy per pulse. The objective 
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after the first treatment session, and one month after the third 
treatment session. 

Two-millimeter punch biopsies were taken from the right retro-
auricular region of each subject and samples were embedded 
in 25% formalin for microscopic analysis. In this way, 60 biopsy 
samples were obtained, 12 for each tip. Specimens were coded 
for blind exam and sent off to an independent board-certified 
dermatopathologist for hematoxylin and eosin staining and 
assessment, using conventional optical microscopy. Digital mi-
crophotographs were taken of all the samples for the research 
team's subsequent sequential evaluation of images on a com-
puter screen.

The serial interpretation of micrographs for each tip was per-
formed by the research team, without masking, based on the 
specialized reports of the dermatopathologist and previous 
knowledge of the interpretation of microscopic skin images.3-10 

 RESULTS
The 15 volunteers completed the study, attending the scheduled 
dates for each session, without withdrawals or mishaps. Dur-
ing the laser treatment and immediate post-operative period, 
the majority of cases reported a mild discomfort, stinging, or 
burning in the treated area, which they generally reported as 
of minor degree. No complications, adverse effects, or macro-
scopic changes of any kind were observed during the follow-up, 
except erythema and mild edema in the treated area, which was 
noted in all cases, but disappeared a few hours later.

All the pre-treatment biopsies showed epidermis and dermis 
without specific pathological signs, but with variable signs of 
skin aging as shown in Figure 1. After the successive laser ses-
sions, common changes were observed in the different samples, 
which allowed the establishment of a sequence of effects for 
each of the different tips used, as shown in Figures 2-6.

is to evaluate the short- and medium-term microscopic changes 
that happen in human skin after experimental skin resurfacing 
of the retroauricular area using a high-power 1064-nm fraction-
al Q-switched Nd: YAG laser at an energy of 2400mJ/pulse, the 
maximum level allowed with the device. 

 MATERIALS AND METHODS
15 healthy women were recruited, between 34 and 53 years old, 
with Fitzpatrick phototypes II-V, who participated as volunteers 
in a study consisting of successive sessions of an experimen-
tal laser treatment, limited to the retroauricular area, with the 
extraction of successive biopsies for histological study. Cases 
of pregnancy, lactation, and pathological or psychiatric history 
that could interfere with the evaluation of the results were ex-
cluded. Volunteers agreed to appear at the subsequent control 
and follow-up visits on the set dates. All subjects signed a writ-
ten informed consent before inclusion in the study and agreed 
to the terms and conditions for inclusion in the trial protocol. 
The trial was conducted according to the Declaration of Helsinki 
and the study protocol was approved by the Antoni de Gimber-
nat Foundation Ethics Committee (Cambrils, Tarragona, Spain).

A high-power 1064-nm Q-switched Nd: YAG laser (Clear Lift®) 
was used, integrated into the Harmony XL-Pro platform (Alma 
Lasers, Caesarea, Israel). The laser was programmed to emit an 
energy of 2400mJ/pulse, at a discharge frequency of 3 Hz and 
a fixed pulse time of 20ns. The laser discharge passed through 
a lens, which pixelates the handset’s output beam into micro-
beams arranged in a 5 x 5-pixel grid (1 cm x 1 cm). The laser 
energy crosses the skin's surface and is absorbed by several 
chromophores, such as melanin, hemoglobin, proteins, and 
water. The absorption of laser light is considered to cause a 
photo-acoustic effect, creating micro-lesions in the tissue that 
lead to a restorative process with the consequent formation of 
new collagen. 

The device provides five tips of different lengths, each of which 
focuses the light at a different depth. Theoretically, the +2 and +1 
tips have a superficial action; the 0 tip has medium penetration, 
and the –1 and –2 tips exert a deeper action. Three sessions of la-
ser treatment were performed in the retroauricular area, spaced 
one month apart, at the maximum energy allowed by the device 
(2400mJ/pulse), and with each of the five focusing tips provided 
by the manufacturer (-2, -1, 0, +1, and +2, with focal distances 
of 25, 22, 19, 14, and 11 millimeters, respectively). A single pass 
was performed per session, treating only the right side retroau-
ricular area, which was subsequently biopsied.

Five treatment groups were established, one for each tip, so that 
the effects observed with each tip were verified in three different 
volunteers. To check the short- and medium-term effects of in 
vivo irradiation, biopsies were taken before treatment, imme-
diately (5 minutes) after the first treatment session, one month 

FIGURE 1. Human skin micrograph of the retroauricular area of a 46-year-
old volunteer. H&E x 250. Epidermis is thin, and not homogeneous in 
width. Keratin is not well structured.  Differing numbers of cell layers 
are seen in the skin's superficial stratum. Small papillae are forming 
the epidermal-dermal junction. Non-parallel collagen in the papillary 
dermis, running beneath the epidermal junction is noted. The dermis 
appears lax, with randomly distributed fibers and wide interfibrillar 
spaces, with characteristic signs of photo-aged skin.
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FIGURE 3. Representative micrographs of the effects obtained with the 
–1 tip (focal distance = 22 mm). H&E x 250. Graduated scale at intervals 
of 100 micrometers. (A) Immediately after first treatment session 
(B) One month after first treatment session: Inflammatory infiltrates 
(arrows). (C) One month after third treatment session: Chronic 
lymphocytic inflammatory infiltrate (1, 2). Epidermis is wavy and has 
reorganized well (3). 

FIGURE 4. Representative micrographs of the effects obtained with the 
0 tip (focal distance = 19 mm). H&E x 250. Graduated scale at intervals 
of 100 micrometers. (A) Immediately after first treatment session. 
Lymphocytic infiltrate and eosinophilic reaction (arrows) (B) One 
month after first treatment session: Lymphocytic inflammatory infiltrate 
(1, 2). Epidermis reorganization (3). (C) One month after third treatment 
session: Chronic lymphocytic inflammatory infiltrate (1, 2). Epidermis 
reorganization (3).

FIGURE 5. Representative micrographs of the effects obtained with the 
+1 tip (focal distance = 14 mm). H&E x 250. Graduated scale at intervals 
of 100 micrometers. (A) Immediately after first treatment session. 
(B) One month after first treatment session: Chronic lymphocytic 
inflammatory infiltrate. Papillary dermis with neo-collagen formation 
(1,2). Epidermis reorganization (3). (C) One month after third treatment 
session: Chronic lymphocytic inflammatory infiltrate in papillary dermis 
with neo-collagen formation (1, 2). Epidermis reorganization (3).

FIGURE 2. Representative micrographs of the effects obtained with the 
–2 tip (focal distance = 25 mm). H&E x 250. Graduated scale at intervals 
of 100 micrometers. (A) Immediately after first treatment session: 
Coagulation images (arrows). (B) One month after first treatment 
session: Lymphocytic inflammatory infiltrates (arrows). (C) One month 
after third treatment session: Chronic infiltrate in medium and deep 
reticular dermis with neo-collagen formation (1, 2). Tissue organization 
with a dense and parallel display of fibers in the papillary dermis (3). 
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appearing well compacted. In the dermis, there was a presence 
of inflammatory infiltrates between 900 to 1200µm. Signs of 
elastosis were noted in the deep reticular dermis. One month 
after the third treatment session, the epidermis had reorganized 
well, and was slightly wavy with mini-papillae. Hyalinization was 
seen in the dermis, along with neo-collagen synthesis, more 
visible in the papillary and medium reticular dermis. Chronic 
lymphocytic inflammatory infiltrates were found, mostly located 
in the deep-medium reticular and papillary dermis, at a depth of 
1500 to 1700µm, as in the example in Figure 3. Evident signs of 
neo-collagen synthesis were observed beneath the epidermal-
dermal junction (Figure 3).

Effects Observed With the 0 Tip (focal distance = 19 mm) 

Immediately after the first treatment session, the epidermis was 
formed by a few layers of cells, presenting fine papillae and 
a narrow band of keratin. The collagen in the dermis was lax, 
with notable interfibrillar spaces. Lymphocytic infiltrates and 
eosinophilic reactions were found in the dermis, predominantly 
between 1400 to 1700μm. One month after the first treatment 
session, there was a multicellular epidermis with scarce keratin. 
Lymphocytic inflammatory infiltrates were present, mostly in 
the papillary dermis and medium-superficial reticular layer. Neo-
collagen formation was observed in the papillary and superficial 
reticular dermis, especially at depths between 1000-1500µm. 
Tissue reaction was more noticeable in the papillary dermis. In 
the superficial-medium reticular layer, interfibrillar spaces were 
wide and maintained signs of elastosis. One month after the 
third treatment session, chronic lymphocytic inflammatory in-
filtrates persisted in the papillary dermis. A new reorganization 
of epidermis, with signs of hyalinization and neo-collagen syn-
thesis in the papillary dermis, was seen between 700-1000µm 
(Figure 4).

Effects Observed With the +1 Tip (focal distance = 14 mm)

Immediately after the first treatment session, the epidermis 
structure, although characteristic of aged skin, was not affect-
ed.  The epidermis was thin and slightly wavy, presenting few 
cell layers. Keratin appeared dispersed and was not dense. The 
superficial dermis showed signs of thermal effects, noticed in 
the eosinophilic reaction/coagulation effect at dermis depths be-
tween 300 and 500µm. There were frequent signs of elastosis in 
the reticular dermis. One month after the first treatment session, 
the epidermis was in a phase of reorganization. Chronic lympho-
cytic inflammatory infiltrates were found immediately beneath 
the basal epidermis. Neo-collagen synthesis was clear in the 
papillary dermis, at depths between 400-600µm. One month af-
ter the third treatment session, the epidermis was multicellular 
and had reorganized well. Chronic lymphocytic inflammatory 
infiltrates were noted in the papillary dermis and beneath the 
epidermal-dermal junction. Visible signs of new collagen forma-
tion were noted in the papillary dermis. Collagen was especially 
dense at depths between 600-900μm (Figure 5).

Effects Observed With the -2 Tip (focal distance = 25mm)

Immediately after the first treatment session, epidermis confor-
mation was maintained. Signs of coagulation were found deep in 
the dermis, between 2000-2500µm, with eosinophilic reactions. 
Signs of elastosis and notable interfibrillar spaces were noticed. 
One month after the first treatment session, the epidermis was 
formed by multiple cell layers and the keratin layer was mini-
mally visible. Dense fibers ran parallel beneath the basal layer. 
Inflammatory infiltrates were found between 1500-2400µm. 
One month after the third treatment session, the epidermis 
was well structured with a dense keratin layer. Lymphocytic 
chronic inflammatory infiltrates were observed in the deep re-
ticular dermis (1600-2400µm), with neo-collagen formation and 
tissue organization showing a parallel display of fibers in the 
papillary dermis, characteristic of tissue rejuvenation (Figure 2). 

Effects Observed With the -1 Tip (focal distance = 22 mm) 

Immediately after the first treatment session, the epidermis ap-
peared thin but maintained its integrity. Keratin was dispersed 
and conformed of a few broken layers. The dermis presented 
broken-up fibers, predominantly visible between 1000-1300µm. 
Below this depth, interfibrillar spaces were notably open. Open 
spaces in the dermis could be interpreted as a possible ablative 
effect produced by the QS-laser pulses. One month after the first 
treatment session, the epidermis was formed by multiple cell 
layers, and fibers ran parallel beneath the epidermal basal layer, 

FIGURE 6. Representative micrographs of the effects obtained with 
the +2 tip (focal distance = 11 mm). H&E x 250. Graduated scale at 
intervals of 100 micrometers.  (A) Immediately after first treatment 
session. Inflammatory infiltrate (arrows) (B) One month after first 
treatment session. Lymphocytic infiltrate (arrows) (C) One month after 
third treatment session: Chronic lymphocytic inflammatory infiltrate 
in papillary dermis with neo-collagen formation (1, 2). Epidermis 
reorganization (3). 
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Effects Observed With the +2 Tip (focal distance = 11 mm) 

Immediately after the first treatment session, the epidermis was 
thin, but its characteristics were maintained. The keratin layer 
was made up of few layers, which were not well compacted. 
The dermis presented signs of thermal effect, which was more 
evident beneath the epidermal-dermal junction and at depths 
between 500-800μm. Signs of elastosis were commonly visible 
in the medium and reticular dermis, where wide interfibrillar 
spaces existed. One month after the first session, a reorganiza-
tion of the epidermis was observed. Hyalinization was noted in 
the dermis, as well as neo-collagen synthesis. Fibers were very 
well attached, running parallel beneath the basal epidermis lay-
er. Most tissue reactions were seen between 300-600µm. One 
month after the third treatment session, multicellular epidermis 
presenting large papillae and dense keratin layers, which is char-
acteristic of rejuvenated skin. Hyalinization and neo-collagen 
synthesis were more notable in the papillary dermis. The col-
lagen was dense and ran parallel beneath the epidermal-dermal 
junction, at depths between 300-500μm (Figure 6). 

The changes observed in the dermis and epidermis were similar 
for all the tips used, but the depth of laser energy interaction 
in the dermis varied by the tip used.  The -2 and -1 tips have an 
average depth of action between 900-2500µm, while the +1 and 
+2 tips act at depths between 300-900µm. The effects of the 0 tip 
were observed between 700-1700μm. Collagen neo-formation 
with reorganization of fibers is already verified in samples one 
month after the first treatment session, and is apparently con-
firmed one month after the third treatment session. The increase 
in the number and thickness of collagen fibers, and their greater 
compaction, was blindly confirmed with the five tips used. 

 DISCUSSION
Both nanosecond (Q-switched) and millisecond (long-pulsed) 
Nd:YAG lasers have been used for non-ablative dermal remod-
eling. They are thought to stimulate new collagen production 
by originating a thermal injury to the dermis that initiates a 
wound healing response. During wound healing, procollagen 
and collagen fibers are initially produced in the dermis and have 
a small diameter. In more advanced phases of the reparative 
process, the collagen fibers are thicker and more abundant in 
the dermis.11-14 The 1064 nm Nd:YAG laser has a lower absorp-
tion coefficient by water than the 1320 nm Nd:YAG, which allows 
for deeper penetration into the dermis and could theoretically 
promote greater neo-collagenesis. The very short pulse of the 
QS Nd:YAG provides a means of limiting the thermal diffusion 
to adjacent structures.15

The general impression is that QS-fractional nanosecond pulses 
produce ablation in the dermis when they are focused toward 
the interior of the skin. The depth of the effect is correlated with 
the focal distance of the tip used for treatment. Energy ab-
sorption by the target chromophore originates signs of tissue 

coagulation, which can be noted in a form of eosinophilic stain-
ing of affected areas. Repetition of high energy pulses could 
cause resonance waves which, from the target of interaction, 
propagate to the neighboring tissue, and also to the epidermis. 
In the dermis, laser microlesions initiate the wound repair pro-
cess, which prompts new-collagen formation.

Despite the fact that the QS-laser pulses are only nanoseconds 
long, the absorption of repeated pulses each second would not 
only initiate effects inside the dermis, but in the vicinity of la-
ser energy interaction site. Effects are also transmitted to the 
epidermis, following the sound wave expansion originating 
from the photo-acoustic mechanism of action and the thermal 
effect. The absence of changes in the epidermis immediately af-
ter treatment indicates the viability of this skin layer; however, 
in control, one month after a single session, the epidermis ap-
peared multi-cellular and wavy, consistent with rejuvenated 
skin; and dense collagen fibers were observed in the dermis. 
The observed reactions suggest that energy does not concen-
trate in the focal point of the interaction, but rather influences 
reactions that appear in adjacent skin layers. More collagen 
bands were noticed in the papillary dermis and appeared homo-
geneous. Isolated bands of collagen regeneration, reaching the 
basal epidermis, were a reaction to the micro-lesions produced 
from the three treatment sessions.

In the majority of the images obtained one month after the third 
treatment, in the papillary dermis, just below the epidermal-
dermal junction, areas of lymphocyte infiltration and/or tissue 
reaction were observed. This layer of skin is greatly important 
in skin tightness. The collagen fibers, which run parallel beneath 
the epidermal-dermal junction play a supporting role that could 
result in improved appearance, texture, and tightness, concor-
dant with the clinical results. 

The confirmed histological changes suggest that by first using 
the deepest acting tips (–2, –1), and later the most superficial 
acting tips (+2, +1), better clinical results could be obtained. The 
tissue damage caused by the laser could have a wider distri-
bution, and the formation of new, more abundant collagen at 
different levels could occur. It remains to be confirmed if older 
skin may respond better to the action of the deeper tips com-
pared to the more superficial tips, or if the combination of tips 
could be beneficial.

In conclusion, the results of this study show significant differ-
ences in the depth of the effects depending on the tip used, 
which confirms the manufacturer's pre-clinical research. How-
ever, we do not know the clinical relevance of these differences 
in facial resurfacing treatments. The histological changes do not 
always correspond with aesthetic improvements, so it is neces-
sary to verify the clinical results obtained with each tip. Future 
research into the aesthetic improvements achieved in patients 
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undergoing facial resurfacing with various tips will determine 
the potential importance of using a particular tip, or possible 
combinations of tips, and this research will help optimize the 
treatment protocols with this laser device.
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