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Introduction

Wound healing is a complicated process, consisting of over-

lapping phases. These phases are: hemostasis, inflammation, 

granulation, and remodeling. Any alteration in the process 

would lead to a variety of sequelae, including chronic wound 

healing and scars (1).

There is a wide spectrum of cutaneous scarring ranging 

from mature linear scars to abnormal raised and widespread 

hypertrophic scars as well as major keloids (2). Keloids and 

hypertrophic scars are sequelae of abnormal wound-healing 

process. They are a common reason for dermatologic con-

sultation owing to pruritus, pain, restriction in movement, 

and cosmetic disfigurement (3). The exact pathophysiology 

of scarring is unknown, but recent evidence implicates the 

importance of members of the TGF-b family in cutaneous 

scarring. Overproduction of TGF-b may result in exces-

sive deposition of scar tissue and fibrosis. Abnormal levels 

of cytokines such as IL-6, IL-13, and IL-15 may also play a 

role in keloid formation (4). Hypertrophic scars and kelo-

ids differ clinically and histologically. Hypertrophic scars 

are fibrous tissue outgrowth with excessive scarring, which 

are confined to the original wound margins. These scars usu-

ally develop within a couple of months after initial wound 

development, grow rapidly for several months, and then 
gradually regress over the next few years. They are red or 
pink, rigid, and sometimes pruritic (5,6), whereas keloids 
extend beyond the borders of the original wound, invading 
into and around normal skin. Keloid usually appear as firm 
nodules, often pruritic and painful, and generally do not 
regress spontaneously (7).

Various treatment modalities are available; intralesional 
corticosteroids, topical applications, cryotherapy, surgery, laser 
therapy, pressure therapy, and silicone sheeting are options that 
have been extensively used (8). Also, the side effects of various 
treatment modalities such as dyspigmentation, atrophy, and 
high recurrence rate are considered a significant limitation 
(9). Currently, exciting new research on the minimization of 
postoperative and traumatic scarring is being conducted, and 
the use of existing laser technologies has proven beneficial in 
the treatment of established scars (10).

The therapeutic use of lasers with different wavelengths has 
been investigated. Nd:YAG laser (1064 nm), flash lamp pumped 
pulsed dye laser (PDL) (585–595 nm), CO2 laser (wavelength 
10,600 nm), and argon laser (488 nm) were frequently used in 
the treatment of raised scars (11,12).

PDL treatment of scars was first described by Alster et al. 
(13), after which it rapidly became a mainstream form of laser 
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ABSTRACT

Introduction: Keloids and hypertrophic scars are benign fibrous growths that occur after trauma or 
wounding of the skin and present a major therapeutic problem. Objective: The purpose of this study is to 
evaluate and compare the effectiveness of pulsed dye laser (PDL) versus Nd:YAG laser in hypertrophic scar 
and keloid. Methods: Twenty patients with hypertrophic scars and keloid were included in this prospective, 
randomized, split-scar study. Half of each scar was randomized to treatment with a 595-nm PDL and the 
contralateral half with the 1064-nm Nd:YAG. Each patient received 6 laser treatment sessions at 1-month 
intervals. The scars were evaluated at baseline and one month after the last laser session using the Vancouver 
scar scale (VSS). Results: One month after the last laser treatment, final total VSS analysis of treated sites 
by PDL and long-pulsed Nd:YAG laser revealed significant improvements (p  0.001), whereas the average 
percentage of improvement in the total VSS was 55.14% for PDL and 65.44% for Nd:YAG laser. However, 
there were no statistically significant differences between PDL- and long-pulsed Nd:YAG laser-treated sites 
for total VSS (p  0.074). Limitations: This was a single-center non-controlled trial, which included a small 
number of patients and subjective outcome measures. Conclusion: PDL and long-pulsed Nd:YAG laser 
treatments for keloid and hypertrophic scar provide significant improvement with insignificant difference 
between both modalities.
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Statistical analysis

Clinical data was coded and securely stored. Analysis was 
performed using statistical software (SPSS version 15, SPSS 
Inc., Chicago, IL, USA).

Results

The present study was designed to compare safety and efficacy 
of PDL (595 nm) versus Nd:YAG (1064 nm) on treatment of 
hypertrophic scar and keloid using VSS assessment.

The age of the patients ranged from 5 to 35 (22.6  8.1) 
years. Eleven patients (55%) were female and nine patients 
(45%) were male. Regarding Fitzpatrick skin type, 11 patients 
(55%) had skin type III while 9 patients (45%) had skin type IV. 
According to type of scar, 11 patients (55%) had hypertrophic 
scar and 9 patients (45%) had keloid. Meanwhile, the age of 
the scar ranged from 2 to 10 months with a mean of 7  2.1 
months. Regarding the possible cause, 6 patients attributed 
their scar to burn (30%), 10 to trauma (50%), 1 to surgery (5%), 
and 3 patients (15%) were not certain of cause of their scars.

At the end of the study, there was a significant improvement 
in VSS total score of both types of laser modalities in comparing 
the scores before and after treatment (p  0.001),whereas the 
average percentage of the VSS was 55.1% for PDL and 65.4% for 
Nd:YAG laser (Table 1) (Figures 1,2).

There was a non-significant difference between VSS total 
score of lesions treated by PDL and Nd:YAG laser after six ses-
sions (p  0.074); however, Nd:YAG laser showed better results 
than PDL in hypertrophic scar and PDL showed better results 
than Nd:YAG laser in keloid after six sessions (Figure 3).

Analysis of the VSS subscales (erythema, pliability, height, and 
pigmentation) after six sessions showed a significant improve-
ment in scar erythema, height, and pliability (Figure 4A–C), 
while a non-significant change occurred for pigmentation  
(Figure 4d). However, there was a significant difference in 
improvement between PDL and Nd:YAG laser in pliability for 
Nd:YAG after six sessions (Figure 4c).

Side effects were limited to mild-to-moderate treatment pain 
in 100% of the treatment sites with significant higher pain score 
with Nd:YAG laser (6.2  2.2) versus PDL (4.7  2.3); 7 patients 
reported purpura on the PDL treatment (35%); hyperpigmen-
tation occurred in two patients who had skin type IV after PD 
treatment (10%); also bullae occurred in two others after one 
day of treatment with Nd:YAG laser (10%).

treatment for scars. Long-pulsed, 1064-nm Nd:YAG laser had 
been used with low fluences to treat keloids and hypertrophic 
scars with satisfactory results (14).

Patients and methods

Patients

This study was a prospective randomized blinded comparative 
split-scar trial. Twenty-eight patients of both sexes with either 
keloids or hypertrophic scars were recruited from the laser clinic 
of Al-Azhar University Hospitals. Twenty patients successfully 
completed the study and only eight patients were missed during 
follow-up.

Patients with the following criteria were excluded: pregnancy, 
history of malignancy or radiation therapy, infections or viral 
skin diseases, immunosuppression, and history of any topical or 
intralesional treatment for the scar in the past 4 weeks prior to 
the initiation of therapy. Informed consent was obtained from 
all patients before treatment.

Treatment protocol

The treatment areas were cleaned using a mild cleanser. A 
topical anesthetic cream (eutectic mixture of 2.5% lidocaine 
hydrochloride and 2.5% prilocaine; EMLA; AstraZeneca AB, 
Sodertalje, Sweden) was applied on the skin for 60 minutes 
before the laser treatment. Each scar was divided into 2 equal 
parts. One part was randomized to treatment with 595-nm 
PDL (Synchro VasQ, Deka, Florence, Italy) using fluence of 
7–9 J/cm2, pulse duration of 1.5 ms, and spot size of 10 mm; 
and the second part was treated using 1064-nm long-pulsed 
Nd:YAG laser (Synchro Repla:y Excellium HP, Deka, Florence, 
Italy) using fluence of 30–35 J/cm2, pulse duration of 20 ms, 
and spot size of 14 mm. The type of treatment administered to 
each of the two scar segments was randomly assigned, based 
on a research randomization program available on the Internet 
(www.randomizer.org), to ensure that segment location did not 
influence outcome. All patients received 6 treatment sessions 
with 4-week intervals.

Assessment

Standardized photographs were obtained using the same 
digital camera set at a fixed distance from the patient’s lesion 
without using flash light of the camera (CyberShot digital, 
DSCH50, Sony, Tokyo, Japan) and were taken before every 
session and one month after the final session. Two blinded 
dermatologists who were not aware of therapeutic modali-
ties physically assessed the effectiveness and safety of the 
treatments by using the Vancouver scar scale (VSS). The 
VSS includes assessment of pigmentation, height, pliability, 
and vascularity of the scar. Each of the four parameters was 
assigned numbers according to the previously mentioned 
characteristics. Scores from all parameters are added together 
to attain a final VSS score. Side effects and complications were 
also recorded at each session.

Table 1. Comparison between pdl and nd:yaG laser according to total Vss 

before and after treatment (n  20).

pdl

after

nd:yaG

afterVss Before p1

range 3–11 0–6 0–6 0.074

mean  sd 6.80  1.96 3.05  1.70 2.35  2.06

Change % 0% 55.14% 65.44%

median (iQr) 7 (6–8) 3 (2–4) 2 (1–4)

p2  0.05*  0.05*

P  0.05: ns.
 P  0.05: s.
p1: Comparison between pdl and nd:yaG laser after treatment sessions.
p2: Comparison between Vss before and after laser treatment.
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sites treated by PDL and by Nd:YAG laser after six sessions. 
This result was consistent with that of Akaishi et al. (18), who 
reported that Nd:YAG laser treatment is highly effective for 
both keloids and hypertrophic scars. This response may be due 
to heat generation by Nd:YAG laser, which initiates inflam-
mation and in turn elevates vascular permeability, matrix 
metalloproteinase (MMP) production, and collagen fiber 
fascicle decomposition. Also, the same findings were reported 
by Alster et al. (13) and Manuskiatti et al. (19) regarding 
the efficacy of PDL in keloid and hypertrophic scar. PDL 
selectively targets hemoglobin and coagulates microvascula-
ture in the papillary and reticular dermis and inhibits nutrient 
supply to the scar (20).

Regarding hypertrophic scars, the result showed a 
non-significant difference between PDL and Nd:YAG laser. 
However, it showed better results with Nd:YAG laser. This 
response may be because Nd:YAG laser has more pronounced 
effect as it achieves greater penetration than PDL. This result 
was in agreement with that of Koike et al. (21), who showed that 
hypertrophic scars responded significantly better to 1064-nm 
Nd:YAG laser treatment than keloids.

On the other hand, the result of keloid showed non-significant 
difference with respect to PDL and Nd:YAG laser. However, it 
showed better results with PDL. This response may be due to 
occlusion of abnormal vascular structure in keloid as the tar-
get chromophore for PDL is the hemoglobin. In addition, the 
PDL can regulate cellular activity, such as inhibition of growth 
factors—TGF-b and PDGF—and stimulation of MMP and 
IL-6 for matrix degradation. This result was in agreement with 
that of Paquet et al. (22), who explained that PDL improves 

Discussion

Prevention and treatment of hypertrophic scar and keloid have 
been reviewed by a wide variety of articles (15); however, no 
methodology has been emerged as the “gold standard” of clini-
cal care (16). Once medical lasers were proven to be effective 
for scars, researches have been proceeded mainly on the basis of 
two premises: the comparative effectiveness among lasers, and 
laser therapy as a preventive measure (17).

To our knowledge, our study was the first to compare the 
clinical efficacy of PDL and Nd:YAG laser keloid and hyper-
trophic scar patients as no previous studies had compared the 
efficacy of both types of laser on hypertrophic scar and keloid.

Assessment of the erythema, height, pliability, and pigmen-
tation was done using the VSS which was originally designed 
to assess subjective parameters in an objective way. Regard-
ing total VSS, there was a significant improvement in VSS for 

Figure 1. a twenty-four year old female with keloid on chest, at (a) baseline and (B) one month after last session by pdl and nd:yaG laser treatments. the left lesion 

was treated by pdl and the right two lesions were treated by nd:yaG laser.

Figure 2. a thirteen year old boy with hypertrophic scar on the right side of the face, at (a) baseline and (B) one month after last session by pdl and nd:yaG laser 

treatments. the anterior segment was treated by pdl and the posterior segment was treated by nd:yaG laser.

Figure 3. Comparison between pdl and nd:yaG laser according to total Vss in 

keloid and hypertrophic scar before and after treatment.
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correlation between skin type and the total improvement in the 
score, which may be due to competitive absorption by melanin 
chromophore.

Limitations

There were some limitations in our study, such as being single 
center in nature, small number of the patients, EMLA cream as 
a topical anesthesia with vasoconstrictive effect on vessels, and, 
in addition, our primary outcome measure, although validated, 
is largely subjective.

Conclusion

Both the PDL and the Nd:YAG laser are effective and safe thera-
peutic modalities for the hypertrophic scars and keloids. There 
is no significant difference in the effectiveness between both 
laser types. However, the Nd:YAG laser showed a significant 
improvement in pliability of the scar over the PDL.
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