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Abstract

Clearance of comedone is challenging in the treatment of acne, as it is very likely to develop into inflammatory lesions.
However, there is lack of effective treatments for dense comedones. Comedone extractor has been widely employed by
dermatologists, but the effect is temporary and may cause irritation. CO, laser is a potential method for dense comedones,
but the efficacy and safety need to be explored. In this single-center, randomized, single-blind, self-controlled study, the
faces of patients with dense comedones were randomly assigned into two sides receiving either ultra-pulse dynamic CO,
laser or comedone extraction at an interval of 2 weeks for 4 sessions. After 4 treatments, the average comedone reduction
rate of the CO, laser was 64.49%, which was higher than that by the extractor (46.36%) (P < .001). 79.16% of the patients
reached over 50% reduction by CO, laser, while only 37.5% on extractor treated side reached 50% clearance. Texture index,
porphyrin index, red zone, erythema index, and transepidermal water loss decreased after both treatments, and CO, laser
showed more improvement. There was no difference in hydration index and melanin index between the two treatments. No
permanent or severe side effects were observed on both sides. The CO, laser showed higher comedone clearance with lower
pain scores than the comedone extractor.

Keywords acne vulgaris - dense comedones - carbon dioxide laser (CO, laser) - comedone extractor - clinical research -
treatment

Abbreviations EI erythema index
AV acne vulgaris TEWL transepidermal water loss
Cco, carbon dioxide HI hydration index
SG sebaceous glands MI melanin index
TI texture index NRS numerical rating scale
PI porphyrin index w weeks
RZ red zone
Introduction

Limitations Short-term follow-up and limited sample size
restricted us from drawing further conclusions.

Acne vulgaris (AV) is a common skin disease, which affects
millions of patients [1]. Comedones are likely formed by
abnormal proliferation and differentiation of infundibular
keratinocytes [2]. According to the forms and size, come-
dones can be divided into microcomedones, ordinary come-

< Wei-Hui Zeng
zengwh88@126.com

P4 Zhao Wang
wang.zhao @xjtu.edu.cn

Pub

Department of Dermatology, the Second Affiliated Hospital
of Xi’an Jiaotong University, Xi’an, China

State Key Lab for Strength and Vibration of Mechanical
Structures, Department of Engineering Mechanics, Xi’an
Jiaotong University, Xi’an, China

Xi’an Jiaotong University, Xi’an, China

lished online: 05 September 2024

dones, sandpaper-like comedones, and macrocomedones [3].
Based on the Acne Assessment Scale, the number of come-
dones between 20-50 is described as Grade II, 50-100 is
Grade III, and >100 comedones are referred to as Grade IV
(dense comedones) [4]. Although comedones are considered
noninflammatory lesions base on its clinical manifestation.
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In recent years, inflammatory factors are suggested in the
pathological process in the formation of comedones [5].
Therefore, comedones are likely to develop into inflamma-
tory lesions, especially for dense comedones [6, 7]. In order
to limit the progession of acne, comedone control is key
component.

Clinicians have been striving to explore treatments for
comedones for decades. Comedones were once considered
as mild to moderate AV, so topical medications are often
recommended in clinical guidelines. At present, the first-line
treatment for comedone is external retinoic, like Adapalene
Gel and tretinoin cream, the irritation of which limits the
application [8]. These topical medicines are somewhat effec-
tive for Grade-I and Grade-II comedones, which are fewer in
number and smaller in size, but has little effects on Grade-
IV comedones [9]. Oral isotretinoin could also be used for
treating comedones, but teratogenicity, hepatotoxicity, and
acne flaring after use make patients psychologically resistant
to systemic medications [10, 11]. Besides, there are some
physical therapies, including comedone extractors, syringes,
tweezers, and some other tools that can remove comedones.

The comedone extractor was first devised by Dr. Henry
Piffard in 1873 and has undergone a series of improvements
and evolutions [12]. The modern comedone extractors
widely used in clinical practice are mostly made of titanium
alloy and are shaped with a pointed end for puncturing the
surface and a safety pin at the other end to assist in squeez-
ing out the contents [13]. This kind of tool is easy to operate
and gradually becomes cheaper, thus is widely used all over
the world to help remove comedones.

The CO, laser is an infrared laser with 10600nm wave-
length which targets water. Photothermal, photochemical,
and photoacoustic effects of the CO, laser synergistically
promote skin regeneration, collagen remodeling, and regen-
eration [14]. Therefore, CO, laser is widely used in the treat-
ment of various skin diseases, such as acne scars, syrin-
gomas, onychomycosis, verruca, etc. [14—17] Ultra-pulse
CO, laser has higher energy density and deeper penetration
compared with traditional CO, laser, and the dynamic mode
makes it more flexible and accurate.

In this study, we developed a high-density energy method
by ultra-pulse dynamic CO, laser to achieve better therapeu-
tic effect with minimized pain. This study aimed to evaluate
the effect and safety by comedone extractor and ultra-pulse
dynamic CO?2 laser in the treatment of dense comedones.

Materials and methods
Study design

This is an 8-week, prospective, split-face, randomized,
and evaluator-blind trial. The study was conducted at the
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Dermatology Department of the Second Affiliated Hospi-
tal of Xi’an Jiao Tong University from November 2021 to
March 2023. Written informed consents were obtained from
all subjects before enrollment. All of the collected infor-
mation was kept confidential and analyzed without specific
names. This research was approved by the Research Council
with the ethics code number MR-61-23-009891.

Sample size estimation was calculated based on the pre-
liminary experiment, where the mean reduction rate of the
extractor-treated side was set as 50%, and that of the laser-
treated side would be about 86%, the sample size was 22
when the power is 80% and the 2-sided alpha is 0.05 after
putting them into the formula [18]. A total of 25 patients are
needed at a 10% dropout rate.

Patients’ selection

Eligible patients were males and nonpregnant females, with
>100 comedones distributed symmetrically on the face and
<10 inflammatory papules or pustules. A history of medica-
tion for comedones in the last 3 months, having experienced
of sustained increase in surface scars after wound healing,
having keloids, active cutaneous infections, and suffering
other facial skin diseases that may influence the result were
additional criteria for exclusion.

Treatment protocols

One side of the face was treated by the comedone extractor,
while the other side received CO, laser treatment. The CO,
laser-treated side was randomly determined by the selection
system when the patient enrolled. Specifically, odd numbers
represented the left side and even numbers represented the
right. Before starting the operation, the patients’ faces were
cleaned with alcohol, and their eyes were covered with damp
gauze. No anesthesia was required. Each treatment of CO,
laser and comedone extractor is operated by two regular der-
matologists, and the treatment area covers all comedones.

The test side was treated with the CO, laser (CO, Surgi-
cal Laser System, eCO2 Plus, Lutronic, Ilsan, Korea) with
the following parameter: operation mode: Dynamic; scan
type: Point; spot diameter: 120pm; pulse energy: 50-60mJ;
pulse rate: 20Hz; power: 40w. The endpoint reaction is the
appearance of a lipid filament or a slit.

The control side was treated with a comedone extractor
consisting of a needle at one end with a 5-mm diameter ring
on the opposite end. Firstly, the surface of the comedone
should be pierced with the pointed end at an angle of about
45°, and then the ring is used to apply mild to moderate
vertical pressure around the comedones till the contents are
forced out [19].
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Post-treatment care

Patients treated by CO, laser were instructed not to wash their
face after the operation till the scabs fell off. Patients were told
to record the side effects such as erythema and skin sensitivity,
and contact us in time if there was any discomfort. We advised
them to pay attention to sun protection and avoid heat exposure
and sweat for at least 2 weeks.

Assessments

All patients were photographed before each treatment at Ow
(baseline), 2w, 4w, and 6w, respectively, and 2 weeks after the
last treatment (8w) by digital camera 700D (Canon, Tokyo,
Japan) and VISIA 6.0 Complexion Analysis System (Can-
field Scientific Inc, Fairfield, NJ, USA) with identical light
and positions. Two independent dermatologists unaware of
the treatment allocation counted comedones on each side of
the face under the shadowless lamp. The mean reduction rate
of comedones was calculated at each visit as (week of visit
—week 0) / week 0 X 100%. The porphyrin index (PI), texture
index (TI), and red zone (RZ) counted by VISIA automati-
cally were recorded to evaluate the count of microcomedones,
smoothness of facial skin, and the degree of inflammation [20].

Erythema index (EI), transepidermal water loss (TEWL),
hydration index (HI), and melanin index (MI) were assessed
with DermalLab® Combo (Cortex Technology, Hadsund, Den-
mark) at each visit and were compared by the average meas-
urement of three times to evaluate the skin conditions.

The pain was assessed using an 11-point numerical rating
scale (NRS) ranging from “0” (no pain) to “10” (worst pain)
[21]. The score for the highest pain experienced during treat-
ment was used for assessment. The difference was obtained by
subtracting the pain scores of the two treatments.

Statistical analysis

Statistical analyses were performed by Statistical Package
for Social Science (SPSS) statistical program version (23.0).
Because it was a split-face trial, the variance was homogene-
ous. Paired t-test was used when the data corresponded to the
normal distribution, and Wilcoxon matched-pairs signed-rank
test was employed when the data were not normally distrib-
uted. P < 0.05 wass considered statistically significant. Quan-
titative data were statistically represented in terms of range
and standard deviation (SD) or standard error of mean (SEM).

Results
Patients

25 patients were recruited in the study, while 1 dropped out
before the last laser session due to inability to follow the
treatment schedule (Fig. 1), ultimately 24 completed the
trial. 15 participants were female (62.5%), and 9 were male
(37.5%). The average age of patients was 24.17 (£ 5.05)
years. 11 (45.83%) participants had Fitzpatrick skin type III,
7 (29.17%) participants had Fitzpatrick skin type II, and 6
(25%) had skin type I'V. Demographic data were summarized
in Table 1.

Decrease of comedones

At the baseline (Ow) before all treatments, there was no dif-
ference in the number of comedones between the two sides
of the face (P = .652). Comedones were reduced on both the
CO, laser-treated side and extractor-treated side after each
treatment, while the reduction rate of the CO, laser-treated
side was higher than the extractor-treated side. The differ-
ences between the two sides were appeared since the second
treatment (P = .034), and was accreted along the treatments.
After four treatments, the mean reduction rate on the CO,
laser-treated side was 64.49%, and 46.36% on the extractor-
treated side (P < .001, Fig. 2A, C, and D).

The comedone reduction rate was categorized into four
grades: 0-25%, 25-50%, 50-75%, and 75-100%. After four
treatments, for the CO, laser-treated side, the proportion
whose reduction rate reached 50% or more was 79.16%, with
33.33% greater than or equal to 75% (Fig. 2B, C, and D). In
contrast, on the extractor-treated side, the proportion whose
reduction rate was 50% or more was slightly lower at 37.5%,
and only 4.17% reached 75% or more.

Other Efficacy Assessments

Before all treatments (baseline), TI (P = .805), PI (P =
483), RZ (P = .318), and EI (P = .115), of the two sides
didn’t show differences. The mean TI reduced more in the
CO, laser-treated side (from 1438.74 + 167.38 to 1204.48
+ 124.22, P = .02) than the extractor-treated side (from
1443.74 + 166.32 to 1295.65 + 132.44, P = .04) After 4
treatments, there were significantly difference between two
sides (P = .029; Fig. 3A). The mean PI of both sides got
lower markedly — PI of the CO, laser-treated side reduced
from 1746.83 + 146.96 to 1283.57 + 117.74 (P = .002)
and extractor-treated side reduced from 1732.30 + 152.01
to 1403.22 + 130.71 (P = .033) after four treatments, thus,
the difference was significant between two sides (P = .032,
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Assessed for eligibility (n=30)

Excluded (n=5)

Not meeting inclusion criteria (n=2)
Declined to participate (n=2)
Other reasons (n=1)

A

Total number of patients enrolled

(n=25)

A 4

The test side
* Treated with CO, laser
(n=25)

Group allocation
Treat every 2 weeks for 4 sessions

A 4

The control side
» Treated with comedone extractor
(n=25)

Fig. 1 Subjects disposition

Table 1 Participant demographics and characteristics

!

Visit (0, 2, 4, 6, 8w)
* For treatment (0, 2, 4, 6w)
» For evaluation (8w)

Lost (n=1)

Analyzed (n=24)

Characteristic Value
Gender

Male, n (%) 9 (37.5%)
Female, n (%) 15 (62.5%)
Mean age, years (mean + SD) 24.17 +5.05
Fitzpatrick skin type, n (%)

11 7 (29.17%)
m 11 (45.83%)
v 6 (25%)
Duration of diseases, months (mean + SD) 9.04 + 2.99
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Fig. 3B). The mean RZ of the CO, laser side reduced from
176.22 + 14.53 to 156.69 + 13.42 (P = .001), while the
extractor-treated side reduced from 182.09 + 14.42 to
169.30 + 12.31 (P = .03) (Ppepween = -02; Fig. 3C). Similarly,
EI was reduced on both sides, from 17.24 + 0.62 to 15.85
+ 0.58 on the CO, laser-treated side (P < .001), and from
17.51 £ 0.59 to 16.54 + 0.59 on the extractor-treated side
(P = .003). Therefore, there was a statistically significant
difference between the two sides (P = .011; Fig. 3D).
Before all treatments, TEWL (P = .207), HI (P = .26),
and MI (P = .831) of the two sides didn’t show differences.
After four treatments, TEWL on both sides significantly
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Fig.2 (A) The changes in the mean comedone reduction rate of the
two groups with time (n = 24). (B) The proportion of participants at
different reduction rate ranks of the two treatments after each treat-
ment (n = 24). (C) Local comedones on the forehead of an 11-year-
old female: before treatment (above), after 4 treatments (below); CO,
laser-treated side (left side), extractor-treated side (right side). After
4 treatments, comedones on the CO, laser-treated side were almost

reduced (CO, laser: from 23.02 + 1.30to 21.47 + 1.31, P
= .022; extractor: from 23.26 + 1.28 to 21.59 + 1.37, P
.026; Fig. 4A). In terms of HI and MI, neither the CO,
laser-treated side nor the extractor-treated side showed dif-
ferences within or between groups (Fig. 4B and C).

CO, laser

Before

After

gone, while comedones on the extractor-treated side had decreased
but were still quite a few. (D) Representative VISIA images with Tex-
ture Mask before (above) and after treatments (below) of a 22-year-
old female. The part protruding the skin (yellow dots) on the CO,
laser-treated side has decreased more significantly, indicating a
greater reduction of comedones. The data shown are Mean (+ SD).
*p<0.05, ¥*p<0.01.%%* p<0.001

Pain Score
The pain of both treatment methods was tolerable. Topi-

cal or local anesthetics were not used. With the times of
treatments increases, the pain scores of both treatments
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Fig. 3 Efficacy assessments. (A) Texture Index, (B) Porphyrin Index treatments. Data shown are Mean (= SEM) with n = 24. *p<0.05,
(C) Red Zone, and (D) Erythema Index were assessed before (Ow) **p<0.01.%%*% p<0.001. w, week
and after (8w) four treatments to evaluate the efficiency of two
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Fig.4 Skin indexes. (A) TEWL, (B) Hydration, and (C) Melanin Index were assessed before (Ow) and after (8w) four treatments to evaluate the
safety of two treatments. Data shown are Mean (+ SD) with n = 24. *p<0.05, **p<0.01.%** p<0.001. w, week

decreased slightly (CO, laser: from 5.22 + 1.29 t0 4.50 +  Side effects

1.26, P < .001; extractor: from 8.00 + 0.89 to 7.46 +0.87,

P < .001). The difference in pain scores between the two  Side effects were recorded in both CO, laser and comedone
treatments was significant for each treatment (P < .001),and  extractor groups. For 4 treatment sessions with 24 patients,
the D-value was 2.76-2.96 (Fig. 5). a sum of 96 timepoints was recorded (Table 2).
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Fig.5 The pain scores were recorded using the maximum pain expe-
rienced during the treatment period ranging from “0” (no pain) to
“10” (worst pain) according to the pain numerical rating scale (NRS).
The gray shaded area is the difference between the two treatments.
The data shown are Mean + SD. *p<0.05, **p<0.01.%** p<0.001.
w, week

For CO, laser-related side effects (Table 2, upper), side
effects mainly appeared as scabs, the severity of which
depends on the severity of the comedone. Approximately
21.88% of cases were mild scabbing, 20.83% were moderate,
and 57.29% were severe. Immediately after CO, laser treat-
ment, the incidence of small urticarial response at the treated
spot was 82.29% (mild: 54.17%, moderate: 28.12%), but
subsided within a few hours. Transient erythema occurred
three times (occurrence rate: 3.12%) after the CO, laser,
hyperpigmentation was observed only once (occurrence rate:
1.04%), and both of which vanished in 14 days. No skin

sensitivity, hypertrophic scar, or keloids occurred after CO,
laser treatment.

The main side effect associated with the comedone
extractor was bleeding (Table 2, below), which occurred in
all patients postoperation (mild: 78.13%, moderate: 12.50%,
severe: 9.37%), and all stopped bleeding within half an
hour by pressing or without treatment. Transient erythema
occurred about 51.04% immediately after comedone extrac-
tion (mild: 28.12%, moderate: 22.92%), and all faded away
gradually in 72 hours. Two patients were observed hyperpig-
mentation because of comedone extraction (occurrence rate:
2.08%), and it vanished in 14 days. Same as the CO, laser,
no skin sensitivity, hypertrophic scar, or keloids occurred
after comedone extraction.

Discussion

In this study, we demonstrate that the efficacy of the ultra-
pulse dynamic CO, laser has higher treatment efficacy in the
clearance of comedone higher than the comedone extractor.
After 4 treatments, 79.16% of patients showed 50% come-
done reduction, and the mean reduction rate by CO, laser
was 64.49%. T1, P1, RZ, and EI decreased more on the CO,
laser-treated side, indicating that the improvement of skin
smoothness, reduction of micro comedones, and reduction in
the area and degree of skin inflammation were more obvious
when treated with CO, laser.

The comedone extractor can remove excess sebum,
keratin, and hyperproliferative funnel keratin-forming cells
by puncturing the epidermis with a needle at one end and
squeezing with a ring at the other. The simplicity of opera-
tion and low price makes it a widely used tool in clinical
practice. However, it’s difficult for operators to control
the intensity to attend sufficient pressure, especially the

Table 2 Side Effects

CO, Laser Treatment Associated None Mild Moderate Severe
n (%) n (%) n (%) n (%)
Scab 0 21 (21.88) 20 (20.83) 55 (57.29)
Urticarial response 17 (17.71) 52 (54.17) 27 (28.12) 0
Transient erythema 93 (96.88) 2 (2.08) 1(1.04) 0
Hyperpigmentation 95 (98.96) 1(1.04) 0 0
Skin sensitivity 96 (100) 0 0 0
Hypertrophic scar or keloids 96 (100) 0 0 0
Comedone Extractor Associated None Mild Moderate Severe
n (%) n (%) n (%) n (%)
Bleeding 0 75 (78.13) 12 (12.50) 9(9.37)
Transient erythema 47 (48.96) 27 (28.12) 22 (22.92) 0
Hyperpigmentation 94 (97.92) 2 (2.08) 0 0
Skin sensitivity 96 (100) 0 0 0
Hypertrophic scar or keloids 96 (100) 0 0 0
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inexperienced operators. Moreover, the comedone extrac-
tor might cause incomplete stripping of sebum, which serves
as a substrate for the growth of bacteria and other microor-
ganisms, contributing to the progression of comedone [22].
Besides, the extraction treatment could only focus on the
comedones that already appeared on the epidermis, but can-
not prevent or provide deeper treatment.

The CO, laser, by contrast, makes up for these shortcom-
ings. Firstly, the ultra-pulsed CO, laser in the dynamic mode
could target the comedones accurately. On the one hand,
the photomechanical effects of the CO, laser can damage
abnormal keratin, on the other hand, it helps to remodel the
epithelium, normalizing the newborn epidermis [14, 23].
Secondly, the selective photothermal effect of CO, laser
makes the content of comedone vaporize into lipid filaments
or solidify into particles, which are then discharged through
the open epidermal channels created by the CO, laser [14,
24]. The heat will also be transmitted to the surroundings
of SGs, which makes SGs shrink and sebum production
decrease [25]. Thirdly, the CO, laser has antibacterial and
anti-inflammatory effects. The laser-generated shockwave
could kill bacteria and fracture the biofilm [26, 27], achiev-
ing the antibacterial effect. Previous studies found the reduc-
tion of TNF-a and IFN-y after laser treatment illustrating the
anti-inflammatory effect [28].

The alleviation of inflammation may be due to the
involvement of inflammatory factors and bacterial prolif-
eration in the comedone stage, and the process of treating
comedone is also a process of reducing inflammation and
preventing the further development of inflammatory acne
lesions [29, 30]. The decrease of TEWL indicates the repair
of skin barrier function after treatment, which may indicate
the possible potential relationship between dense comedones
and the skin barrier, but it’s unknown which happened first.
We speculate that the disruption of the skin barrier was one
of the seeds for dense comedones, and the progression of
comedones further aggravated the disruption of the skin
barrier [31]. There was no significant change in HI and MI,
demonstrating the safety of the two treatments. The pain
caused by CO, laser is much less than that caused by the
comedone extractor, and the difference is statistically and
clinically significant, as the minimal clinically important dif-
ference of the pain NRS was defined as two units [32]. We
believe that treating comedone with the CO, laser instead
of the traditional comedone extractor could relieve the pain.
As for the difference among times of treatment, it may be
related to the comedone amount, which is only statisti-
cally but not clinically significant. No permanent or severe
side effects were observed on either side. For the urticarial
response caused by the CO, laser, the patients had no dis-
comfort such as pain or itching, and these reactions faded
spontaneously within an hour without leaving any traces. As
for the transient erythema and hyperpigmentation caused
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by CO, laser or extraction, they all disappeared within 14
days, and no patients left erythema or pigmentation at the
last follow-up.

Compared with traditional comedone extractors, the ultra-
pulse dynamic CO, laser exhibits a higher clearance rate
and lower pain scores for treating dense comedones. The
high precision and strong penetration of CO, laser make the
treatment not only limited to the surface of the skin but can
penetrate deep into the skin, treating and preventing come-
dones from the root. The CO, laser could also stop bleeding
during treatment, reducing the risk of infection and bleeding.
For clinicians, easier handling and lower price (requiring no
consumables) are advantages of the CO, laser. However, the
longer-term effect results in a longer recovery period CO,
laser has scab-forming and shedding phase.

Conclusion

Both CO, laser and comedone extractor are effective in the
treatement of comedones, while CO, laser showed higher
comedone clearance with lower pain than the comedone
extractor. Both treatments didn’t show severe and perma-
nent side effects.

Limitations

A longer-term follow-up and larger-size subjects are needed.
Moreover, there is a lack of comparison between the efficacy
of different form of comedone.
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