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Abstract
Background: Enlarged facial pores are one of the common skin signs of photoaging
that patients seek treatment for. However, objective data and long‐term assessment on
the efficacy and safety of therapeutic procedures for this condition are limited.
Objective: To objectively evaluate the efficacy and safety of a 1064‐nm picosecond
laser with microlens array (MLA) for pore tightening.
Methods: Twenty‐five patients with enlarged pores received three treatments with
a 1064‐nm picosecond laser coupled with MLA at 4‐week intervals. Patients were
evaluated using objective (measurement of pore volume using three‐dimensional
photography) and subjective (clinical evaluation by two blinded dermatologists)
assessments at baseline and at the 1‐, 3‐, and 6‐month follow‐ups. Adverse effects
were also recorded during each visit.
Results: After three treatments, there was a significant reduction of pore size from
baseline (p<0.001). The improvement in pore size appearance significantly continued
from the 1‐month to the 6‐month follow‐up visits (p=0.013). The total average pore
size was 1.15652± 0.614322 and 0.8087± 0.50515 at baseline and at 6 months after the
final treatment, respectively, resulting in an average of 30% reduction in pore size. No
cases of dyspigmentation, textural alteration, or scarring were documented.
Conclusion: Fractional 1064‐nm picosecond laser appears to be effective and safe
for reducing pore size in Asians with minimal transient side effects.
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INTRODUCTION

“Enlarged” or “dilated” pores is defined as the visible
topographic feature on the skin surface corresponding to
enlarged openings of pilosebaceous follicles.1 Enlarged

facial pores are considered as one of the skin signs of
photoaging.2,3 There are several major clinical causes of
enlarged facial pores, including high sebum production,
decreased elasticity around pores, and increased hair
follicle volume.4,5 Certain exogenous and endogenous
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factors likewise influence the widening of pores, which
includes chronic sun exposure, male gender, age, and
genetic predisposition. Impairment of skin architectural
components, such as collagen and elastin, around the
pores can cause slackening of the pore wall. Treatment of
enlarged facial pores includes chemical peeling, topical
retinoic acid, oral isotretinoin, microdermabrasion,
photorejuvenation, laser skin resurfacing, and fractional
laser treatments, each yielding variable results.4,6 Because
of its multifactorial nature, treatment of enlarged facial
pores has proved to be challenging as they tend to recur
after discontinuation of intervention.4 Various lasers and
energy‐based devices (EBDs) have been applied in an
attempt to deliver targeted thermal or ultrasound energy
to the skin.4,6–8 Their proposed mechanism of action is
through the remodelling of collagen fibers near the pi-
losebaceous openings, resulting in diminished pore size.
Lasers9–15 and EBDs16–18 with established collagen re-
modeling effects have been previously explored. How-
ever, available published data on their long‐term efficacy
are limited and are usually based on subjective rather
than objective assessment methods.

Fractionated picosecond handpieces have been re-
cently developed for skin resurfacing. The high energy
delivered by the fractional picosecond domain of the
1064‐ and 532‐nm Nd:YAG and 755‐nm alexandrite la-
sers are absorbed by intraepidermal melanin within the
epidermal focal zone. Within these localized zones, an
electron avalanche breakdown alternatively termed
“laser‐induced optical breakdown” (LIOB) produces
focal vacuoles in the epidermis in a non‐thermal manner
as a result of the propagation of focal pressure
waves.19,20 LIOB triggers the tissue repair process and
modifies cell signaling by converting energy into a pres-
sure wave that is propagated into the dermis. This bar-
otrauma leads to changes in the dermis, resulting in
neocollagenesis and neoelastinogenesis.20,21

Fractional picosecond lasers have been proven
effective for the treatment of atrophic acne
scars,22–25 striae,21,26,27 photodamaged skin,14,28 and en-
larged pores.14 The purpose of this study then is to ob-
jectively evaluate the long‐term safety and efficacy of
1064‐nm picosecond laser with microlens array (MLA)
for pore tightening in Asians.

METHODS

This was a prospective, single‐arm, nonrandomized study
that aimed to investigate the safety and efficacy of a 1064‐nm
picosecond laser with MLA attachment for pore tightening.

Study Population

Twenty‐five subjects with visible pores on the nose and
both sides of the cheeks, as assessed by a board‐certified

dermatologist, were enrolled in this study. Ages ranged
from 25 to 40 years (mean age: 33.0 ± 4.2 years). Exclu-
sion criteria included prior use of topical retinoids within
the past 6 months, an immunocompromised state,
photosensitivity, and history of keloid scar formation.
This study was approved by the Siriraj Institutional
Review Board (SIRB), Faculty of Medicine Siriraj
Hospital's human research review committee, Mahidol
University, Thailand (Si 379/2019), and conformed to the
guidelines of the 1975 Declaration of Helsinki. Written
informed consent was obtained from all study subjects
before study initiation. This clinical study was registered
at www.clinicaltrials.gov with identification code
NCT04471948.

Intervention

A topical anesthetic, a mixture of 2.5% lidocaine and
2.5% prilocaine cream (EMLA; AstraZeneca LP), was
applied to both cheeks and nose for 45 minutes before
treatment. All treatment sessions were performed by an
experienced laser dermatologist who was not involved
in lesion assessment (A. K.). A 1064‐nm picosecond
laser with MLA attachment (Enlighten; Cutera) was
used. Treatment parameters were as follows: fluence,
0.8 J/cm2; spot size, 8 mm; repetitive rate, 5 Hz for two
passes with approximately 15–20% of pulse over-
lapping. The MLA handpiece delivers an array of
180 μm diameter microbeams, containing 460 mi-
crobeams per cm2 within an 8‐mm diameter area. All
subjects received three consecutive laser treatments at
4‐week intervals. Only the areas of the skin with en-
larged pores present were laser irradiated. The total
number of pulses received by the patients at the end of
the treatment period was approximately 500–1500 de-
pending on the extent of the pores. The endpoint of
treatment was moderate erythema with mild‐to‐
moderate swelling of the treated facial skin and
mild‐to‐moderate purpura. A fragrance‐free and non-
comedogenic moisturizing cream (Cetaphil moisturiz-
ing cream; Laboratoires Galderma) was applied four
times daily for 1 week. Subjects were instructed to
avoid excessive sun exposure and to wear a broad‐
spectrum sunscreen with a sun protection factor (SPF)
of 50 all throughout the study period after crusting had
completely healed.

Evaluation

Objective assessment

Pore volume was objectively evaluated using a skin
imaging device (Antera® 3D CS; Miravex Limited). A
designated area with visibly enlarged pores was marked
on every patient and mapped with a translucent sheet on
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the first visit to ensure consistency of location. The as-
sessments were done at baseline and 1, 3, and 6 months
after the final treatment.

Subjective assessment

Photographic documentation using identical camera set-
tings, lighting, and patient positioning were obtained at
baseline, and at 1, 3, and 6 months after the final treat-
ment. All digital photographs were taken with a facial
photo fixture using a Canon PowerShot G9 stand‐off
camera (OMNIA Imaging System; Canfield Scientific,
Inc.). Two board‐certified dermatologists (W. M. and K.
C.) performed blinded clinical assessments of pore size
improvement on the treatment areas using comparative
photographs. The evaluators were asked to perform two
actions—first, to identify the photographs that showed
better pore appearance; and second, to rate the difference
in the severity of the pore size enlargement using a quartile
grading system. In such cases wherein the raters identified
the incorrect order of the photographs, the assessment was
recorded as worse. When the raters correctly identified the
order of the photographs, the quartile grading scales re-
flected an improvement in pore size appearance (<25%
difference =minimal improvement, 25–50%=moderate
improvement, 51–75%=marked improvement, and
76–100%= excellent improvement).

During treatment, patients were asked to evaluate
pain levels using a visual analog scale (VAS) ranging
from 0 (no pain) to 10 (severe pain). Adverse events re-
ported include erythema, postinflammatory hy-
perpigmentation (PIH), or hypopigmentation, and were
examined by the same physician at every follow‐up visit.
Patients likewise evaluated their own degree of pore size
improvement from baseline photographs at 1, 3, and
6 months after the final treatment, and graded the im-
provement using the abovementioned quartile grading
scale.

Statistical analyses

Repeated measures analysis of variance test was used to
evaluate pore volume at each follow‐up visit. A p value
less than 0.05 was considered to be statistically sig-
nificant. All statistical data analyses were performed
using PASW Statistics (formerly SPSS) version 18.0
(SPSS, Inc.).

RESULTS

Twenty‐five patients [6 (26%) males and 19 (74%) fe-
males] with Fitzpatrick skin types (FSTs) III (19/25, 76%)
and IV (6/25, 24%) were enrolled in this study and
completed all treatment and follow‐up sessions. After 3

treatments, there was a significant reduction of average
pore volumes from baseline as measured by Antera® 3D
CS (p < 0.001; Figure 1). Average pore volumes were
1.15652 ± 0.614322 and 0.8087 ± 0.50515 at baseline and
at 6 months after the final treatment, resulting in an
average of 30% reduction in pore size (Figure 2).

The assessment performed by two board‐certified
dermatologists revealed a weighted κ value of 0.875.
None of the patients were rated to have worsening of
their pore appearance after completion of all laser
treatments. At 1 month after the last treatment, more
than 50% of the patients showed at least 25% improve-
ment of their pore appearance from baseline. At
6 months follow‐up after the last treatment, 48% and
28% of the patients were rated to have 25–50% and over
50% improvement of the pore size, respectively (Figures 3
and 4). The clinical improvement in the appearance of
the pore size significantly continued from the 1‐month
follow‐up to the 6‐month visit (p= 0.013). The average
pain score during treatments was 3.205 ± 1.702 (1–10
scale).

Immediately after treatment, all patients experienced
moderate erythema and mild‐to‐moderate swelling for an
average of 4 days. Some purpuric spots were noted to last
for 5–7 days. Patient's self‐assessment of overall pore size
improvement showed that 52% of the participants rated
themselves as having at least 25–50% (moderate) im-
provement at the 1‐month follow‐up. At the 6‐month
follow‐up, 76% of the patients rated themselves as having
at least moderate improvement of their pore size while
28% rated themselves as having over 50% improvement.
All of the patients reported significant pore size
improvement.

Adverse effects

Acneiform eruptions were observed in 14% of a total of
75 treatment sessions. All subjects with acneiform

FIGURE 1 Measurement of average pore volume using Antera®
3D CS at baseline, 1 month, 3 months, and 6 months after the last
treatment
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FIGURE 2 Three‐dimensional images under the small filter mode showing a topographic appearance of pores in a 34‐year‐old subject (FST IV)
measured using Antera® 3D CS. (A) At baseline and (B) at 6 months after 3 monthly treatments with a 1064‐nm picosecond laser with MLA

FIGURE 3 Corresponding clinical appearance of the same subject in Figure 2. (A) at baseline and (B) at 6 months after 3 monthly treatments
with a 1064‐nm picosecond laser with a microlens array

FIGURE 4 Corresponding three‐dimensional images demonstrating the clinical appearance of the same subject in Figure 2. (A) at baseline and
(B) at 6 months after 3 monthly treatments with a 1064‐nm picosecond laser with a microlens array
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eruptions reported that the condition developed within
the first 24–48 hours after laser irradiation, which
spontaneously resolved a day after. No cases of postin-
flammatory hyperpigmentation and hypopigmentation
were observed. Similarly, no incidents of scar formation
were recorded.

DISCUSSION

Although the underlying causes of enlarged facial pores
remain unclear, there are several potential factors that
contribute to enlarged skin pores, including excessive
sebum production, decreased elasticity around the pores,
and increased hair follicle volume.4 Chronic recurrent
acne, sex hormones, and personal skincare regimen pre-
ferences may also affect pore size.5,29 Given these dif-
ferent possible causes for enlarged pores, therapeutic
modalities should be individualized for each patient. In
fact, it is possible that multiple factors orchestrally affect
the pore structure of an individual.4,29 Therefore, multi-
ple treatment modalities focusing on different modes of
action may be applied for better and long‐lasting
outcomes.

There are various lasers and EBDs exerting their
mechanisms of action through the induction of collagen
remodeling, which has been proven effective in improv-
ing the appearance of enlarged facial pores.15,16,30,31 This
study demonstrates the continuing improvement of the
enlarged facial pores following 1064‐nm fractional pico-
second laser treatment up to 6 months after the final
treatment. It has been suggested that skin surface and
internal structures surrounding pore openings are related
to the enlargement of pore appearance. We, therefore,
hypothesize that the mechanism of action for this mod-
ality involves induction of collagen remodeling around
the dilated pilosebaceous openings, resulting in pore size
shrinkage and smoothening of the perifollicular surface,
which progressively takes place over the period of 6
months.

The average pore reduction rate following laser
treatments is relatively superior to that of intense pulsed
light treatment. The average pore reduction rate of
15–37%, 30%, and 40% was objectively documented
following a single fractional CO2 laser,

32 three fractional
1064‐nm picosecond laser (the present study), and four
1565‐nm nonablative fractional laser33 treatments, re-
spectively, while the average pore reduction rate of 2.8%
was reported after broadband light therapy.18 However,
the duration of the recovery time and the risk of side
effects should be balanced with the efficacy of each in-
dividual treatment modality.

Due to its demonstrated effect on neocollagenesis
induction, 1064‐nm Nd:YAG lasers have been widely
investigated in the treatment of enlarged pores. Multiple
trials have focused on varying parameters, especially
pulse duration and energy density to maximize clinical

outcomes.10–13,34 Interestingly, a previous study by Roh
et al.12 showed that the Q‐switched and quasi long‐
pulsed 1064‐nm Nd:YAG lasers significantly reduced
both pore size and sebum output compared to the un-
treated control. The authors proposed that the new
dermal collagen deposition in the perifollicular area is
responsible for the reduction of pore size and the direct
effect of the laser is accountable for the long‐term
maintenance of reduced pore size and sebum level.

Using the concept of combining multiple approaches
to address the different factors that influence enlarged
pore appearance to achieve better outcomes, Cho et al.9

investigated the efficacy of combined laser modalities
with the expected sebaceous injury effect of a 1450‐nm
diode laser, tightening effect of a Q‐switched and quasi
long‐pulsed 1064‐nm Nd:YAG, and the smoothening
effect of a 10,600‐nm carbon dioxide (CO2) laser. Four
months after the final treatment, two treatments each of
the 1450‐nm diode, Q‐switched and quasi long‐pulsed
1064‐nm Nd:YAG, and ablative fractional 10,600‐nm
carbon dioxide lasers, respectively, the condition of the
patient's pores were rated to have 51–75% improvement.
However, the recovery time spent, the risk of adverse
effects, and the cost of treatment must be taken into
account with the benefit of using these multiple treatment
modalities.

Theoretically, RF is another EBD that aims to
manage several possible causes of enlarged pores.16,35,36

The simultaneous thermal effect on surrounding tissues
and/or the pilosebaceous unit due to tissue impedance to
electrical currents aims to stimulate neocollagenesis for
pore tightening and reduction of sebum secretion.36,37

This assumption was confirmed by a previous study by
Kim et al.,16 which demonstrated significant improve-
ment in skin elasticity with an increase in the levels of
procollagen types I and III, as well as elastin at 3 months
after four bipolar fractional RF treatments.

Intense focused ultrasound is another EBD that
provided favorable outcomes in reducing facial pores.17

A previous trial reported the mean improvement scores
of 1.7 ± 1.0 (1, 0–25%; 2, 26–50%; 3, 51–75%; and 4,
>75% improvement) for 1.5‐mm transducer and 1.9 ± 0.8
for 3.0‐mm transducer, respectively after a single treat-
ment. The improvement in skin elasticity as measured by
a Cutometer and the reduction of sebum output as
evaluated by a Sebumeter were hypothesized to be the
underlying mode of action for this observation.17

The role of seborrhea and high sebum output on pore
size enlargement has gradually been explored. Recently,
intradermal injection of botulinum toxin type A (BoNT‐
A) has shown significant improvement of enlarged facial
pores and seborrhoea lasting an average of 4 months in a
controlled, split‐face study.38 At the 1‐month assessment,
both sides showed a significant reduction in sebum and
pore scores, with significantly more visible improvement
on the botulinum toxin‐treated side. Dermoscopy de-
monstrated a significant decrease in the average size of
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facial pores, while the optical coherence topography
(OCT) demonstrated a significant increase in dermal
thickness with a nonsignificant difference between
BoNT‐A and saline‐treated sides. Four months after
treatment, the BoNT‐A‐treated side maintained its im-
provement in both scores. The underlying mode of action
on the decrease in sebum level was hypothesized to be
the neurologic modulation and vascular regulation of
BoNT‐A on sebaceous activity.39,40

One shortcoming of this study and probably of most
of the previous studies available is subject selection. Si-
milar to our own protocol, most of the studies in litera-
ture did not recruit study subjects who had the same and/
or single etiological cause of enlarged facial pores into
the trial. This confounding factor might explain the de-
viated or temporary therapeutic outcomes observed. Our
recent study on the treatment of enlarged pores using a
variable square pulse erbium:YAG laser noted that the
observed therapeutic outcomes dropped significantly at
6 months after discontinuing the treatment. This short‐
term improvement may be explained by the inability of
lasers and EBDs to correct all underlying causes of this
condition.30

CONCLUSIONS

This study used objective analysis to demonstrate the
long‐term efficacy of using a 1064‐nm picosecond laser
with MLA for the treatment of enlarged pores in dark‐
skinned patients. This treatment modality appears to be
safe with therapeutic outcomes persisting up to 6 months
after the completion of three laser sessions.
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