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Early Management of Scars Using a 532-nm Nd:YAG 
Laser

INTRODUCTION
Facial scars cause individuals to experience psychological stress 
and social withdrawal, reducing their quality of life [1-7]. In order 
to minimize facial scars, a wide range of treatment methods have 
been developed and utilized. These techniques include surgical 
scar revision, steroid injections, silicone gel and sheet application, 
cryosurgery, anti-cancer drug injections (e.g., 5-fluorouracil or bleo-

mycin), and laser irradiation [8-13].
 Among these techniques, laser therapy is considered the least 
invasive. In 1993, a pulsed dye laser was first used for scar treat-
ments, and many treatments and procedures have since been de-
veloped with different light sources, wavelengths, and durations 
[14-21].
 Laser therapy is generally postponed until scar maturation. There-
fore, it is quite common for patients to suffer due to the redness, 
hyperpigmentation, and hypertrophy of the scar. We thus speculat-
ed that the use of laser therapy at the beginning of the wound heal-
ing process might minimize these problems at an early stage.
 A 532-nm frequency-doubled Q-switched neodymium-doped 
yttrium aluminium garnet (Nd:YAG) laser is commonly used to 
treat superficial pigmented lesions (e.g., postinflammatory hyper-
pigmentation, melasma, lentigines, café au lait macules, Becker ne-
vus, ephelides, and tattoos) [22]. Some studies have shown that the 
532-nm wavelength is easily absorbed by hemoglobin and melanin 
materials, which can be beneficial for the improvement of redness, 
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hyperpigmentation, and hypertrophy in scars [23]. Therefore, we 
selected the 532-nm frequency-doubled Q-switched Nd:YAG laser 
as our early treatment tool, hypothesizing that this laser might be 
effective for minimizing the redness, hyperpigmentation, and hy-
pertrophy that occur early in scar formation.

METHODS
Within 1 to 2 weeks after the removal of all stitches, we performed 
laser treatment in patients who had undergone primary closure or 
scar revision procedures. To assess the improvement of the scars, 
we evaluated the scars using the Vancouver Scar Scale (VSS) and 
conducted a photo analysis using a computer graphics program 
(Adobe Photoshop CS6; Adobe Inc., San Jose, CA, USA) 2 weeks 
after the last round of laser irradiation.

Patient selection
From January 2013 to May 2014, we conducted a study of 50 pa-
tients who underwent primary closure or scar revision procedures 
due to facial scarring. Prior to the study, researchers obtained in-
formed consent from each patient and all ethical guidelines were 
followed.
 The patients consisted of 40 men and 10 women, with an aver-
age age of 38 years (range, 14–62 years). Forty-five patients under-
went a primary closure procedure due to facial lacerations caused 
by a traumatic incident. Five patients required a scar revision be-
cause of facial scarring. All patients received laser treatments with-
in 2 weeks of suture removal (Table 1).

Taking pictures in a standard setting
Pictures were taken before laser therapy and additionally at every 
follow-up outpatient visit until the final round of laser therapy. All 
pictures were taken under conditions that were as similar as possi-
ble to compare the scars before and after laser therapy. Before tak-
ing pictures, certain procedures were avoided, such as irritating the 
skin by applying a lidocaine ointment or cleansing the patients’ skin. 
In addition, researchers required patients to rest for at least 10 min-
utes to prevent the occurrence of redness or paleness caused by skin 

irritation. A photographer took the patients’ pictures using a Can-
on EOS 600 D camera (Canon Inc., Tokyo, Japan) and care was 
taken to maintain identical conditions; the same room, lighting, lo-
cation, posture, and camera settings were used.

Laser treatment
The laser treatment was performed with a 532-nm Nd:YAG laser 
(Spectra VRM III; Lutronic, Goyang, Korea) within 1 to 2 weeks 
after all stitches were removed. The energy density of the laser was 
less than 1 J/cm2 (0.6–0.8 J/cm2), the spot size was 2.6 mm, and the 
pulse duration was 80 ns.
 After the laser treatment, patients were instructed to apply a pre-
scribed antibiotic ointment daily for up to 3 days. They were also 
advised to avoid sunlight and physical irritation during the treat-
ment period. Patients received the laser treatment at fortnightly in-
tervals. After a comparison with previous pictures, if the treatment 
appeared to be effective for the patient, we performed additional 

Table 1. Demographics of patients

Variable Value (n=50)

Age (year) 38.07±14.46 (14–62)

Sex

   Male 40 (80%)

   Female 10 (20%)

Cause of scar

   Laceration 45 (90%)

   Scar revision 5 (10%)

Table 2. Laser treatment data

Variable Value (n=50)

Interval from stitch removal to initial laser  
   treatment (day)

9.1±2.9 (5–13)

Follow-up time (day) 42.2±32.2 (14–122)

Rounds of laser treatment 4±1.3 (2–6)

Complications None

Table 3. Vancouver Scar Scale

Items

Pigmentation 0: normal

1: hypopigmentation

2: hyperpigmentation

Vascularity 0: normal

1: pink

2: pink to red

3: red

4: red to purple

5: purple

Pliability 0: normal

1: supple

2: yielding

3: firm

4: banding

5: contracture

Height 0: normal

1: <2 mm

2: 2-5 mm

3: >5 mm
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treatment. However, if the efficacy of the laser therapy was not dis-
tinguishable or if the pigmentation and vascularity had mostly im-
proved, the therapy was stopped. Patients received an average of 4 
rounds of treatment (range, 2-6). The laser therapy treatments were 
completed after an average of 6 weeks (42 days) (Table 2).

Scar evaluation
To evaluate the improvement of the patients’ scars, we used the fol-
lowing methods: 1) macroscopic scar evaluation using the VSS and 
2) photo analysis using Adobe Photoshop.

Physical examination and survey
The VSS assesses scars according to 4 items: pigmentation, vascu-
larity, pliability, and height. A score of 0 indicates normal skin. High-
er scores correspond to more severe scars (Table 3). Three plastic 
surgeons assessed the patients’ scars using the VSS before and after 
treatment, and we compared the scores.

Photoshop
We analyzed pictures taken before and after treatment using Adobe 

Photoshop. A pixel is the smallest unit comprising a picture and is 
composed of brightness, chroma, and color. Brightness is the de-
gree of the color’s luminance, chroma is the strength of an object’s 
color, and color represents the unique attributes of the color. We 
designated a territory corresponding to the scar margin within each 
photo and computed the average brightness and chroma of all pix-
els within that territory (Fig. 1). In addition, brightness and chro-
ma values were measured on normal skin at least 2 cm away from 
the scar territory and used as controls. We then observed changes 
in brightness and chroma after the laser treatment.

Statistical analysis
Statistical analysis was conducted using SPSS version 24 (IBM Corp., 
Armonk, NY, USA), and the t-test was used to assess statistical sig-
nificance.

RESULTS
The mean score of the VSS decreased from 5.99 to 1.49 after the la-
ser treatment. The score for each evaluation item (pigmentation, 
vascularity, pliability, and height) decreased, meaning that the scars 
improved (Table 4). The differences showed statistical significance 
(P<0.05) (Fig. 2).
 In the photo analysis using Adobe Photoshop, the mean bright-
ness of the pixels located within the scar territory increased from 
61.54% to 69.42% after the laser treatment (P<0.05), and the mean 
chroma decreased from 50.65% to 43.12% (Table 5). These changes 
were statistically significant (Fig. 3). These changes indicate that 
the patients had brighter skin after the laser treatment than before 
receiving the treatment. Furthermore, as the chroma of the scars 
decreased, the redness disappeared and the hyperpigmentation im-
proved as well. Meanwhile, the chroma values and the brightness 
values measured in the control group did not significantly change 
after treatment.

Fig. 1. Photo analysis using Adobe Photoshop (Adobe Systems Inc., 
San Jose, CA, USA). (A) According to the scar margin within a photo, 
the scar territory was designated. (B) The region beyond the scar 
territory was removed. (C) The mean values of the pixels were cal-
culated within the scar territory.

A B

C

Table 4. Results of the Vancouver Scar Scale

Variable Before laser 
treatment

After laser 
treatment P-value

Pigmentation 1.88±0.38 0.97±0.21 <0.001

Vascularity 2.08±0.58 0.33±0.31 <0.001

Pliability 1.17±0.64 0.05±0.15 <0.001

Height 0.86±0.48 0.13±0.30 <0.001

Table 5. Photoshop analysis

Variable Before laser 
treatment

After laser  
treatment P-value

Chroma 50.65±12.03 (28–72) 43.11±11.12 (27–69) <0.001

Brightness 61.54±10.92 (44–76) 69.42±10.74 (46–85) <0.001
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Fig. 2. Scar evaluation using the Vancouver Scar Scale (VSS). (A) Total VSS score before and after the final laser treatment (n=50); P<0.01. (B) 
Individual VSS scores before and after the final laser treatment (n=50); P<0.01.
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Fig. 3. Scar evaluation using Adobe Photoshop (Adobe Systems Inc., 
San Jose, CA, USA). After laser treatment, the average brightness of 
the pixels within the scar territory increased and the average chro-
ma of the pixels decreased (n=50); P<0.01.
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DISCUSSION
Although many treatment modalities have been developed and 
used to improve scars, most management options have generally 
been initiated after scar maturation. There have been few attempts 
to manage scars at an early stage. Thus, patients with scars that ex-
hibit severe redness and hyperpigmentation must endure discom-
fort and wait for up to 6 months until the scars mature. We per-
formed laser irradiation at the beginning of the wound healing 
process to improve the redness, hyperpigmentation, and hypertro-
phy of scars at an early stage.

 Wound healing occurs in the following phases: inflammation, 
proliferation, and remodeling. A scar is the final product of the re-
modeling phase and matures over the course of a few months to 
several years [5]. In immature scar tissue, redness, hyperpigmenta-
tion, and hypertrophy tend to be more apparent during the initial 2 
to 3 months. However, after going through a static phase, scars ma-
ture as they change to a lighter color and begin to flatten [24]. How-
ever, some scars retain redness, hyperpigmentation, and hypertro-
phy over several months or years.
 During the proliferation phase, beginning 5 days after the initial 
wound, fibroblasts and macrophages begin to enter and deposit 
around the wound site. Afterward, a dense capillary network in-
duced by angiogenesis is formed. The fibroblasts of this capillary 
network supply nutrients for the collagen synthesis process to sup-
port the wound healing process.
 Dense capillary networks cause redness at an early stage of the 
wound healing process. However, over time, scars begin to regress 
naturally and the redness of the scars gradually disappears. How-
ever, during this maturation phase, if the dense capillary networks 
fail to regress, redness will remain noticeable. Scar hypertrophy also 
occurs as a result of continuous nourishment from the remaining 
capillary networks and collagen biosynthesis by fibroblasts. In ad-
dition, the excessive proliferation of melanin leads to hyperpigmen-
tation [23].
 We hypothesized that by controlling these wound healing pro-
cesses, we would be able to improve the redness, hyperpigmenta-
tion, and hypertrophy of scars. A 532-nm Nd:YAG laser was used 
because the 532-nm wavelength is easily absorbed by hemoglobin 
and melanin, so that the laser can selectively destroy both of these 
substances. Bowes et al. [23] published a research paper stating that 
they achieved improvements in pigmented hypertrophic scars after 
maturation with a 532-nm Nd:YAG laser.
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Fig. 4. Case. A 52-year-old male patient received primary closure 
and stitch removal 5 days subsequently due to a 2-cm-deep muscle 
laceration in the left eyebrow from a traumatic incident. One week 
later, he was followed up at an outpatient clinic. (A) He received 532-
nm neodymium-doped yttrium aluminium garnet (Nd:YAG) laser 
treatment 3 times at intervals of 1 to 2 weeks to reduce the redness, 
hyperpigmentation, and mild hypertrophy in the scar. (B) We con-
firmed that after 35 days, the redness, hyperpigmentation, and hy-
pertrophy in the scar had improved.

A

B

 The 532-nm Nd:YAG laser only penetrates into the superficial 
dermis, where the vessels of hypertrophic or erythematous scars 
are located. Therefore, as 532-nm laser beams selectively destroy 
oxyhemoglobin and cause microvascular injuries, proliferating cap-
illary networks are reduced, which improves the redness of scars. 
Furthermore, microvessel injuries prevent fibroblasts from receiv-
ing nourishment and synthesizing excessive collagen, reducing the 
production of hypertrophic scars [8,9]. Moreover, absorption of 
the energy in melanocytes or melanosomes hinders the excessive 
proliferation of melanin and prevents hyperpigmentation [23].
 Theoretically and practically, redness, hyperpigmentation, and 
hypertrophy in many patients may worsen after 2 or 3 months. Us-
ing a 532-nm Nd:YAG laser, the early wound healing process was 
influenced and satisfactory results were achieved within 6 weeks 
(42 days) on average after treatment (Fig. 4). Thus, it is unneces-
sary to wait for the spontaneous improvement of scars.
 When we evaluated scars using the VSS after laser treatment, 
statistically significant decreases in all 4 parameters (pigmentation, 
vascularity, pliability, and height) were observed. These results sug-
gest that the 532-nm Nd:YAG laser is generally effective for improv-
ing hyperpigmentation, redness, and hypertrophy in scars.
 Although the VSS is one of the most widely used tools for scar 
evaluation, it has limitations, as it relies only on an evaluator’s na-
ked eye, meaning that it can be somewhat subjective. Therefore, we 
conducted a photo analysis using Adobe Photoshop in order to 
make objective observations of the changes that occurred as scars 
improved.
 Through the photo analysis, we confirmed that the average bright-
ness of pixels increased within the scar territory, while the chroma 
decreased. These results were statistically significant, meaning that 

compared to normal skin, vascularity was higher and more pigmen-
tation occurred in hypertrophic pigmented scars. Once a scar im-
proved, the redness and hyperpigmentation also improved, as indi-
cated by an increase in brightness and a decrease in chroma.
 Although the photo analysis using Adobe Photoshop has the 
disadvantage of not being systematized and standardized, it has the 
potential to become a valuable scar evaluation tool in the future. 
This is because quantification of the improvement of scars is feasi-
ble by comparing brightness and chroma values using a computer 
graphics program.
 One of the biggest limitations of this study is the lack of a control 
group. Thus, the efficacy of laser treatments could not be compre-
hensively established, as we did not compare scar improvement 
over time between a group that underwent laser treatment and an-
other group that did not. However, this study demonstrated that 
laser treatment improved the redness, hyperpigmentation, and hy-
pertrophy of scars at an early stage.

CONCLUSION
We used a 532-nm Nd:YAG laser at an early stage of scar forma-
tion and confirmed improvements in the redness, hyperpigmenta-
tion, and hypertrophy of scars within a short period. Thus, we achi-
eved the following satisfactory results: scars were improved after an 
average of 4 laser treatments, and the achievement of quick thera-
peutic effects reduced the length of time that patients suffered while 
waiting for scars to mature. Additionally, through a photo analysis 
conducted using Adobe Photoshop, we objectively confirmed that 
the scars improved. We suggest that this method may be able to 
serve as a new tool to compare scars objectively if it is standardized 
in further studies.

PATIENT CONSENT
Patients provided written consent for the use of their images.
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