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The erbium:yttrium scandium gallium garnet (Er:YSGG) laser differs from other
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laser techniques by having a faster and higher cure rate. Since the Er:YSGG laser causes an
appropriate proportion of ablation and coagulation, it has advantages over the conventional
carbon dioxide (CO,) laser and the erbium-doped yttrium aluminum garnet (Er:YAG) laser,
including heating tendencies and explosive vaporization. This research was conducted to
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explore the effects and safety of the Er:YSGG laser.

Twenty patients participated in the pilot study of a resurfacing system using a 2,790-
nm Er:YSGG laser. All patients received facial treatment by the 2,790-nm Er:YSGG laser system
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(Cutera) twice with a 4-week interval. Wrinkle reduction, reduction in pigment inhomogeneity,

and improvement in tone and texture were measured.

Study subjects included 15 women and five men. Re-epithelization occurred in all
subjects 3 to 4 days after treatment, and wrinkle reduction, reduction in pigment inhomo-
geneity, and improvement in tone and texture within 6 months of treatment.

The 2,790-nm YSGG laser technique had fewer complications and was effective
in the improvement of scars, pores, wrinkles, and skin tone and color with one or two treatments.
We expect this method to be effective for people with acne scars, pore scars, deep wrinkles,

and uneven skin texture and color.
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The human desire for a young and attractive appearance is the
driving force for the development of cosmetic surgery. Laser
technology is widely used for cosmetic surgery, a result of the
widespread use of the carbon dioxide (CO,) laser resurfacing
technique starting in the 1990s. Laser resurfacing creates a limit-
ed thermal injury at the dermis layer, leading to a healing pro-
cess with new collagen formation [1].

CO; laser resurfacing reduces wrinkles by producing a dermal
injury (width, 20-80 pm) at the dermis layer. This technique
has a long recovery time (10-14 days), which can increase if in-
fection or hyperpigmentation follows [2,3]. Adverse side effects
include infection, pigment alterations, long-lasting erythema,
and scarring [4]. The high risk of significant treatment compli-
cations, such as infection, changes in pigmentation, scarring,
and prolonged erythema associated with this technique has

warranted the development of new treatment modalities capa-
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ble of providing safer and more consistent alternatives [S]. In
1997, the erbium-doped yttrium aluminum garnet (Er:YAG)
laser was approved by the Food and Drug Administration, pre-
senting an alternative to the CO; laser, with a shorter recovery
time and fewer complications [6]. This laser also has its prob-
lems. Since it creates only a 20-um or smaller dermal injury, it
produces superficial ablation. This is less beneficial, and patients
have discomfort such as oozing [7,8]. Therefore, a new laser re-
surfacing tool was needed.

The erbium:yttrium scandium gallium garnet (Er:YSGG) laser
is a technique overcoming the shortcomings of other lasers with
better results and shorter recovery time. The water absorption
coefficient of this laser has a wavelength of 2,790 nm, which is
between that of the Er:-YAG laser (2,940 nm) and that of the CO,
laser (10,600 nm) (Fig. 1) [9]. This means that the Er:YSGG la-
ser has an ideal wavelength, balancing the vaporization of the
epidermis layer and the residual heating of the dermis layer.
Thus, the Er:YSGG laser has the advantages of both the CO; la-
ser and the Er:YAG laser. This study investigated the efficacy and
safety of the Er:YSGG laser in a pilot study.

Patients
The study subjects included 15 women and S men in the age
range of 22 to 60 years. Each treatment was done after receiving

informed consent from the patient.

Laser treatment
5% lidocaine ointment was applied to the entire facial area at
least 30 minutes before treatment. After wiping off the lidocaine

with gauze, acetone was used to completely wipe it off. Laser
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therapy was done from the hairline to the chin. All patients re-
ceived facial treatment by the 2,790-nm Er:YSGG laser system
(Cutera, Brisbane, CA, USA) using parameters ranging from 1.5
to 3.5 J/cm’ and a 400-pss pulse duration. Two sessions of treat-
ment were performed with a 4-week interval. Pulses were ap-
plied using scan patterns consisting of 6-mm-diameter individu-
al laser pulses with an overlap of 20% to avoid leaving any areas

untreated.

Photographic documentation

Photographic documentation was performed at baseline and in
the 20 patients who completed the two sessions at the pre-treat-
ment, 1 day after the first treatment, 1 week after the first treat-
ment, and 6 months after the final treatment. Standard lighten-
ing and views were used with a Nikon D80 SLR digital camera
with a flash unit installed within the camera. All images were

taken by the same photographer.

Methods for data evaluation and collection

Wrinkle reduction, reduction in pigment inhomogeneity, and
improvement in tone and texture were measured. In the data
measurement, pictures taken before the first procedure and
those taken 6 months after the final procedure were compared.
Evaluation of the pictures compared the pre-treatment and post-
treatment pictures and assigned a numerical score (1-100).
Three plastic surgeons who had no former information on the
patients made the comparisons and assigned scores. The pa-
tients revisited the clinic and had pictures taken before the pro-
cedure, 1 day, 1 week, 1 month, and 6 months after treatment.
Ay 6 months after the final procedure, the patients were asked to
rate their satisfaction on a 4-point scale (very satisfied, satisfied,

slightly satisfied, or unsatisfied). The collected data were statisti-
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cally measured by using the mean value and the standard devia-
tion (SD). Statistical significance testing used a one-sample t-
test and a one-way analysis of variance, using SPSS ver. 19 (IBM
Co,, Armonk, N, USA).

Moisture, oil, and elasticity measurement

Oil, moisture, and elasticity (Triple Sense, Moritex Co, Saitama,
Japan) were measured before the procedure and 6 months after
the final procedure was performed (Fig, 2). Evaluation compared
the pre-treatment and post-treatment skin condition. In the
dressing room, constant temperature and humidity were main-
tained for an accurate measurement of the skin condition. After
cleansing the face, oil, moisture, and elasticity were measured. In
order to reduce the measurement error, the measurements were
taken twice on both of the patients’ cheeks, and the average val-
ue was calculated. The collected data were statistically evaluated
by using the mean value and the SD. Statistical significance test-
ing used a paired-samples t-test, using SPSS ver. 19 (IBM Co.).

Fig. 2. Photograph of the skin measurement machine,
Triple Sense

Table 1. Clinical scoring 6 months after the final Er:-YSGG

treatment

Variable n  Mean (standard deviation ) P-value

Wrinkle reduction 60 18.617 (3.325) 0.000?

Reduction in pigment 60 31.733 (5.492) 0.000
inhomogeneities

Improvement in tone 60 24.267 (4.909) 0.000
and texture

Evaluation by three plastic surgeons showed statistically significant changes in
wrinkle reduction, pigment inhomogeneity, and tone and texture improvement
(P<0.05).

Er:YSGG, erbium:yttrium scandium gallium garnet.

Statistically significant with P < 0.05.
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RESULTS

The study subjects included 15 women and S men, all of whom
successfully completed the study. Re-epithelization occurred in
all of the subjects over 3 to 4 days of treatment, and wrinkle re-
duction, reduction in pigment inhomogeneity, and improve-
ment in tone and texture within 6 months of treatment. Subjects
were examined 1 day, 1 week, 1 month, and 6 months after
treatment. Discomfort disappeared for all subjects within 2 days
after treatment, and all returned to work within a week.

All patients experienced temporary mild to moderate erythe-
ma that improved with time. One of the patients had contact
dermatitis at the treatment site, which resolved after 3 days of
topical corticosteroid therapy. Other common complications of
laser therapy, including hypopigmentation, crusting, infection,
long-standing erythema, scarring, and blistering did not occur.

The evaluations performed by three plastic surgeons differed
significantly post-procedure in the case of wrinkle reduction,
pigment inhomogeneity reduction, and tone and texture im-
provement (P <0.05) (Table 1) (Fig. 3). Reduction in pigment
inhomogeneity was the most significant improvement, followed
by improvement in tone and texture and that in wrinkle reduc-
tion. There were no significant differences by evaluator; thus,
the physicians were objective in score assignment (Table 2).
The evaluations showed statistically significant changes in mois-
ture, oil, and elasticity improvement (P < 0.05) (Table 3). Elas-
ticity showed the most extensive improvement, followed by
moisture and oil. As shown in Table 4, the patients were satis-
fied in principle. This result agrees with that of the treatment ef-
fect evaluation by the physician-evaluators (Table 4).

Fig. 3. Clinical scoring 6 months after the final Er:YSGG

treatment

Er:YSGG, erbium:yttrium scandium gallium garnet.
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Plastic surgeons

Variable P-value
1 (n=20) 2 (n=20) 3 (n=20)

Wrinkle reduction 18.6 (3.284) 17.5(3.236) 19.9 (3.167) 0.071?

Reduction in pigment inhomogeneities 32.2 (5.976) 29.7 (4.703) 33.4 (5.344) 0.099

Improvement in tone and texture 25.1 (4.876) 22.5 (4.740) 25.3 (4.833) 0.127

Values are presented as mean = standard deviation.

Scores did not differ significantly by the scoring physician (wrinkle reduction, reduction in pigment inhomogeneity, and improvement in tone and texture). Thus, the physi-

cians were objective in their evaluation.
AStatistically significant with P < 0.05.

Variable n  Mean (standard deviation ) P-value
Moisture difference 10 8.8 (2.251) 0.000?
Qil difference 10 -4.1(2.079) 0.000
Elasticity difference 10 11.2 (2.658) 0.000

Evaluation showed statistically significant changes in moisture, oil and elasticity
improvement (P <0.05). Only ten patients treated Er:YSGG were conducted.
Er:YSGG, erbium:yttrium scandium gallium garnet.

aStatistically significant with P < 0.05.

Case 1

A 28-year-old female received facial treatment by the 2,790-nm
Er:YSGG laser system twice with a 4-week interval. Re-epitheli-
zation occurred in 1 week of treatment. The whole face showed
greater improvement in tone and texture within 6 months of
treatment. Complications of laser therapy did not occur. In the

subjective self-assessment score, the patient was very satisfied

(Fig.4).

Case2

A 31-year-old female received facial treatment by the 2,790-nm
Er:YSGG laser system twice with a 4-week interval. Re-epitheli-
zation occurred in 1 week of treatment. In addition, natural
healthy skin tone and texture was restored by 1 week of treat-
ment. The whole face showed greater reduction in pigment in-
homogeneity within 6 months of treatment. Complications of
laser therapy did not occur. The subjective self-assessment score
was satisfied (Fig. S).

Laser therapy developed in response to a desire to reduce aging
symptoms, including wrinkles, quickly and safely. The CO, laser
and Er:YAG laser have been common laser treatment tech-
niques for years for treating wrinkles and improving the skin’s
condition. The wavelength of the Er:YAG laser is 2,940 nm, the
closest wavelength to that of the water of the target chromo-

Patient
No. Sex/Age (yr) self-assessment Adverse effect
1 Female/28 Very satisfied None
2 Female/31 Satisfied None
3 Female/60 Slightly satisfied None
4 Male/28 Satisfied None
5 Female/30 Unsatisfied Contact dermatitis
6 Male/22 Very satisfied None
7 Female/34 Satisfied None
8 Female/38 Very satisfied None
9 Female/25 Slightly satisfied None
10 Female/42 Satisfied None
11 Female/58 Satisfied None
12 Female/48 Very satisfied None
13 Male/28 Very satisfied None
14 Female/36 Slightly satisfied None
15 Female/29 Satisfied None
16 Male/33 Very satisfied None
17 Female/43 Satisfied None
18 Male/37 Very satisfied None
19 Female/41 Satisfied None
20 Female/55 Satisfied None

Er:YSGG, erbium:yttrium scandium gallium garnet.

phore (3,000 nm). Therefore, the Er:YAG causes mostly super-
ficial ablation with little dermal effect. The CO, laser delivers
energy into the tissue, including the epidermal and the dermal
layers. This results in better treatment with over-coagulation.
Both of these techniques require a long recovery, with complica-
tions such as pain, infection, hyperpigmentation, long-standing
erythema, and scarring. Patients want a more effective laser
technique that has no side effects and a shorter recovery time.
The 2,790-nm YSGG laser overcomes the disadvantages of
the older laser techniques. The Er:YSGG laser has an ideal
wavelength, balancing the vaporization of the epidermis layer
and the thermal damage to the superficial and upper layer of the
dermis layer. This technique eradicates the epidermis 10 to 30
pm deep to control the vaporization and coagulation of the epi-

dermis layer by delivering sufficient heat. The coagulated layer
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Fig. 4. Case 1 of the Er:YSGG laser treatment

A 28-year-old female received 2 treatments,
4 weeks apart. (A) Pretreatment. (B) One day
after the first treatment. (C) One week after
the first treatment. (D) Six months after the
final treatment. Er:YSGG, erbium:yttrium
scandium gallium garnet.

Fig. 5. Case 2 of the Er:YSGG laser treatment

A 31-year-old female received 2 treatments, 4
weeks apart. (A) Pretreatment. (B) One day af-
ter the first treatment. (C) One week after the
first treatment. (D) Six months after the final
treatment. Er:-YSGG, erbium: yttrium scandi-
um gallium garnet.
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acts as a natural dressing and provides patient comfort and pro-
tection in the early healing period [8]. The thermal damage
within the dermis layer stimulates the wound healing process
with the end result of neocollagenesis and elastinogenesis in the
proliferative stage of wound healing, followed by the remodel-
ing process resulting in a tighter, better organized dermis, and
removal of wrinkles in the epidermis. In this way, the 2,790-nm
YSGG laser is able to treat wrinkles and improve the skin’s con-
dition (Table 5).

Table 5. Comparison of thermal characteristics

Characteristic Er:YAG Carbon dioxide  Er:YSGG
Bleeding YES NO NO
Pinpoint bleeding YES Occasional Occasional
Coagulation NO Too much YES
Thermal stimulation NO Too much YES
Excessive coagulation & NO YES NO
risk of thermal overlap
Volume of tissue ablative High Low High

The ideal ratio between coagulation and ablation of the Er:YSGG laser results in
the following: First, less bleeding. Second, expectation of collagen remodeling by
coagulation promoted by thermal stimulation. Third, a lower risk of thermal over-
lap and complications. Fourth, better treatment results over a wider ablation area.
Er:YAG, erbium-doped yttrium aluminum garnet; Er:.YSGG, erbium:yttrium scan-
dium gallium garnet.

Fig. 6. Er:YSGG pearl and pearl fractional laser treatment

Er:YSGG, erbium:yttrium scandium gallium garnet.
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The 2,790-nm YSGG laser is capable of two modes in the same
wavelength: pearl laser and pearl fractional laser. Pearl laser im-
proves the photodamage and texture of the skin by superficial
resurfacing similar to the full epidermis renewal effect. The pearl
fractional laser is effective in deep dermal ablation and creates a
precise thermal wound while sparing the surrounding tissue.
The wound healing response differs from that of ablative laser
skin resurfacing because this method enables sparing of the epi-
dermal tissue between thermal zones. The pearl fractional laser
is capable of rapid re-epithelization. The combination therapy of
pearl laser and pearl fractional laser can be synergistic. Combina-
tion therapy done once or twice has the same effect as 3 to 5
treatments with fractional laser therapy (Fig. 6) [10].

This study has its limitations as a pilot study, because it has a
small test group and an insufficiently objective evaluation. In ad-
dition, it does not directly compare the 2,790-nm YSGG laser
technique with the other two techniques, but the 2,790-nm
YSGG laser has a shorter recovery time and fewer complica-
tions than the other ablative resurfacing techniques, with only
one case of contact dermatitis. Furthermore, it offers better cos-
metic results. This study showed successful results with only
two treatments. The advantages of this technique are fewer

treatments needed for obtaining the desired results and shorter

(A) A pearl fractional laser is effective in deep dermal ablation. (B) A pearl laser reduces photodamage and improves skin texture by superficial re-
surfacing (similar to the full epidermis renewal effect). Combination treatment with the pearl laser and pearl fractional laser is synergistic.
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recovery time.

The 2,790-nm YSGG laser technique had fewer complications
and was effective in scar treatment, pore treatment, wrinkle
treatment, and skin texture and tone improvement within two
treatments [ 11]. We expect this method to be effective for peo-
ple with acne scars, pore scars, deep wrinkles, and uneven skin
texture and color. Although additional controlled trials are
needed for confirmation, the 2,790-nm YSGG laser is a promis-

ing laser technique for skin rejuvenation.
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