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Background and Objectives: Blue light is effective for
acne treatment, inducing photodynamic destruction of
Propionibacterium acnes (P. acnes). This study was
designed to investigate the efficacy of combined blue and
red light-emitting diode (LED) phototherapy for acne
vulgaris.

Materials and Methods: Twenty-four patients with
mild to moderately severe facial acne were treated
with quasimonochromatic LED devices, alternating blue
(415 nm) and red (633 nm) light. The treatment was
performed twice a week for 4 weeks. Objective assays of the
skin condition were carried out before and after treatment
at each treatment session. Clinical assessments were
conducted before treatment, after the 2nd, 4th, and 6th
treatment sessions and at 2, 4, and 8 weeks after the final
treatment by grading and lesion counting.

Results: The final mean percentage improvements in non-
inflammatory and inflammatory lesions were 34.28% and
77.93%, respectively. Instrumental measurements indi-
cated that the melanin levels significantly decreased after
treatment. Brightened skin tone and improved skin texture
were spontaneously reported by 14 patients.

Conclusion: Blue and red light combination LED photo-
therapy is an effective, safe and non-painful treatment for
mild to moderately severe acne vulgaris, particularly for
papulopustular acne lesions. Lasers Surg. Med. 39:180—
188, 2007. © 2006 Wiley-Liss, Inc.
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INTRODUCTION

Acne is one of the most common skin conditions and
accounts for more than 30% of all visits to dermatologists
[1-3]. Topical and systemic antibiotics, retinoids, and
chemical peelings have been used conventionally for acne
treatment with variable success rates [4—6]. However, a
recent increase in the antibiotics resistance of Propioni-
bacterium acnes (P. acnes) and adverse effects of systemic
retinoids and antibiotics are becoming obstacles to acne
treatment, thus making physicians seek novel treatment
modalities [7—13].

Recently, it has been revealed that visible light activates
the endogenous porphyrins of P. acnes, which results in a
photodynamic reaction to destroy the bacteria [14—23]. The
absorption peak of the bacterial porphyrins is at 415 nm,
which falls into the blue light waveband [15]. Many clinical
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studies have demonstrated the efficacy of blue light
phototherapy for acne with various success rates [24—31].

In the present study, we investigated the efficacy of
combination phototherapy utilizing blue and red light-
emitting diodes (LEDs) for acne vulgaris. We also measured
the differences in the moisture levels, the sebum levels,
and the melanin levels between before and after each
treatment to investigate the effects of this therapy on the
general skin condition.

MATERIALS AND METHODS

Patients

Twenty-seven patients of both sexes with mild to
moderately severe facial acne were recruited for this study.
The exclusion criteria were: the use of any topical acne
treatment or systemic antibiotics within the 2 weeks
previous to the trial; the use of systemic retinoids within
the 3 months before the study; a history of photosensitivity
or the recent use of photosensitizing drugs; any other skin
disease that could interfere with the assessment of the acne
or other systemic diseases which could affect the severity of
acne by themselves or by any medicine prescribed for their
treatment; a history of the use of systemic steroids; any
change in the use of oral contraceptive pills or anti-
inflammatory drugs within the 3 months previous to the
study; pregnant or lactating women; and subjects who were
likely to show poor compliance with the protocol. All
patients who were eligible to participate in this study gave
their informed consent for the use of an institutional review
board-approved protocol and signed a consent form both for
the treatment and for the clinical photography.

Light Source

The phototherapy system used as the light source for this
study consisted of a base and interchangeable heads
emitting quasimonochromatic light of each different preset
wavelength from adjustable planar arrays of LEDs. The
head emitting blue light (Omnilux blue™, Photo Ther-
apeutics Ltd., Fazeley, UK) comprised five articulated
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panels containing 260 LEDs each, so that they could be
adjusted to fit the contour of the patient’s face optimally.
The red light head (Omnilux revive™, Photo Therapeutics
Ltd.) consisted of four panels containing 420 LEDs each
arranged in the same way. The treatment heads delivered
symmetrical peak wavelengths; 415+ 5 nm for the blue
light and 633 + 6 nm for the red light. The irradiance was
40 mW/cm? for the blue light and 80 mW/cm? for the red
light at a distance of 1-10 c¢cm from the light source. The
radiant fluences, or doses, during a single treatment for
20 minutes were 48 and 96 J/cm? for the blue and red
treatment heads, respectively.

Study Design

The patients visited our clinic with all make-up removed
and rested in a stable environment for about 15 minutes.
Evaluation of the severity of the acne by grading and lesion
counting was then performed and a dermatologist carried
out objective instrumental measurements of the moisture
level, the sebum level, and the melanin level of the patient’s
facial skin. After the measurements, each patient washed
his or her face with a gentle soap and was treated for
20 minutesin the supine position. The irradiating head was
positioned about 3—5 cm above from the patient’s nose, and
the articulated panels comprising the head were adjusted
to match the contour of the patient’s face. Goggles were
worn during the treatment to protect the retinae from
direct illumination. When the treatment was over, the
instrumental measurements were done in the same way as
before treatment, which signaled the end of one treatment
session. In this manner, the therapy was performed twice a
week for 4 weeks and a 3—4 days’ interval between each
session, with the 415 nm blue treatment head being used for
the first treatment session followed by the 633 nm red
treatment head for the second session each week.

Clinical Assessment

Clinical assessment was conducted seven times; before
treatment, after the 2nd, 4th, and 6th session during
the treatment period and at 2, 4, and 8 weeks after the
final treatment. The acne severity was assessed with the
acne grading criteria defined by Burton et al. [3] (Table 1).

TABLE 1. The Grading Criteria of Acne Severity
Defined by Burton et al. [3]

Grade Types of lesions

Grade 0 No acne lesions

Grade 1l Sub-clinical acne: A few insignificant comedones
which can be seen only on careful inspection

Grade 2 Mild acne: A few comedones and a few small
papules or pustules are seen

Grade 3 Moderate acne: Prominent papules or pustules are
easily recognized

Grade4 Severe acne: Cysts are often found

Grade 5 Extremely severe acne: Widespread inflammatory

lesions and many large pustule or cysts are
found
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The number of lesions was counted individually by lesion
type at each assessment as follows: closed comedones, open
comedones, papules, pustules, and nodules or cysts. Acne
scars were also counted. Clinical photos of the front and
bilateral sides of the subject’s face were taken each time. All
assessments were performed by the same physician.

The investigator’s and the subject’s global assessments
were performed five times; before treatment, after the
fourth treatment as a mid-point evaluation, and at 2, 4, and
8 weeks after the final treatment. The subject’s assessment
was rated on a six-point scale (worse, no change, fair, good,
and excellent), and the investigator’s assessment was rated
on a five-point scale (represented as the percentage
improvement in lesion count, worse: <—10%, no change:
—9%-9%, mild improvement: 10%-39%, moderate
improvement: 40%—59%, marked improvement: 60%—
89%, and clearance: >90%). Patients were also asked about
any symptoms or signs of adverse effects at the end of each
treatment session.

Instrumental Measurement

The moisture level, the sebum level, and the melanin
level were measured in numerical values using a Corneo-
meter™ (Courage+Khazaka, Koln, Germany), a Sebume-
ter™ (Courage+Khazaka), and a Mexameter ™ (Courage-+
Khazaka), respectively. The measurements before treat-
ment were carried out after a 15 minutes’ stabilizing period
to exclude any possible influences of outdoor activity
on the skin condition, for example by sweating or flushing.
The same part of the right malar area was chosen for
the measurement every time to exclude any site-variation
bias. The measurements were performed repeatedly at
10 minutes after the end of treatment to exclude any
possible effects of mild heat from the phototherapy device
on the measured values.

Statistical Analysis

Repeated measures of analysis of variance (RM-ANOVA)
were used to evaluate the significance of the mean
percentage reduction in the non-inflammatory (closed and
open comedones) and the inflammatory (papules, pustules,
and nodules or cysts) lesion counts between baseline and
subsequent assessments. The differences between before
and after treatment in the moisture, sebum, and melanin
levels were analyzed using sign rank tests with the
medians. Additionally, the differences in the melanin levels
were also analyzed separately according to the wave-
lengths of light, namely blue and red light, using the same
statistical method.

RESULTS

Patient Characteristics

Twenty-four (4 males and 20 females) patients out of 27
completed the study. (Two of the patients gave up the study
because of personal reasons and one due to a schedule
conflict. Their data were excluded from all data analysis.)
The average age was 22.5 years (ranging between 18 and
30 years) and the Fitzpatrick’s skin phototypes were IV in
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Fig. 1. Improvement of the acne lesions is shown in a 23-year-
old man (A) and a 28-year-old woman (B).
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all of the subjects. Sixteen patients (66.67%) had not been
treated for their acne before, 4 had received oral antibiotics,
1 had received oral retinoids, and 3 had had their acne
lesions extracted.

At baseline, the Burton grades were grade 3 for
11 patients, grade 4 for 5, and grade 5 for 8. The mean
numbers of each lesion type were 38.54 for closed
comedones, 9.46 for open comedones, 28.92 for papules,
6.46 for pustules, and 1.04 for nodules or cysts.

Clinical Efficacy

A significant improvement of facial acne was observed
after treatment compared to the baseline (Fig. 1). The
number of patients with Burton grade 5 steadily decreased
throughout the whole study period to a statistically
significant level (P-value<0.05), and was reduced to two
patients at the final assessment point. The Burton grades of
four patients had dropped down to grade 2 at the last
evaluation.

The mean percentage reduction in non-inflammatory
lesions is shown in Figure 2. There was a statistically
significant reduction at every time point when compared
with the baseline (P<0.05). At week 4, the number
decreased by 35.2%, the maximum reduction rate, com-
pared with before treatment. However, the number of
lesions at any given time point was not significantly
different when compared with the following time point,
except for the first assessment versus the second one. In
regard to inflammatory lesions, we could observe a
continuous, significant improvement throughout the study
period (Fig. 3). The average reduction rate reached 77.9%
by the end of the study. Statistically significant changes
were found between the 1st and 2nd, 2nd and 3rd, and
5th and 6th assessments. The number of acne scars
remained unchanged in all subjects, so it was omitted from
any statistical analysis. Figure 4 concisely presents the
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Fig. 3. Mean percentage improvement in inflammatory lesions (papules, pustules, nodules or

cysts).

numbers of each type of lesion at the baseline and at the last
assessment. A paired ¢-test was used to evaluate the
differences between the two time points, which confirmed
the previous statistical results.

The investigator’s global assessment indicated that the
number of patients who showed marked improvement
(> 60% improvement compared to the baseline) was 12 out
of 24 (50%) after four treatments, while it was 21 (87.5%) at
8 weeks after the treatment completion (Fig. 5A). The
treatment effectiveness appeared more obviously as time
passed, including the treatment-free follow-up period. In
one female patient, her acne lesions had improved until
2 weeks post treatment, but was aggravated again in her
premenstrual period to return to the baseline status at
4 weeks post treatment, which is indicated as “no change”
in Figure 5A. At the end of the follow-up period, clearance
of acne ( > 90% improvement) was achieved in two patients.

As for the subject’s global assessment, 11 patients
(45.8%) expressed their satisfaction with the treatment
as “good” or “excellent” after four treatments, while
18 patients (75%) did so at the 8 weeks post treatment
(Fig. 5B). At the mid-point assessment, 10 patients reported
that there was no change or even worsening in their acne,
2 of whom finally found no advantage by the end of the study.

None of the subjects reported any adverse reaction
related to the treatment. Some patients commented on
mild warmth during red light irradiation, which they felt as
comfortable. Fourteen patients (58.3%) spontaneously
reported brightening of skin tone and improvement of skin
texture after the treatment, which raised their satisfaction
level with the treatment.

Instrumental Measurements

The moisture and sebum levels were not significantly
different between before and after treatment, though they
showed a tendency to decrease slightly. The melanin level,

however, decreased significantly after treatment (P<0.005)
with a median of differences of —7.08 (Table 2). An
additional statistical analysis was done to find out which
wavelength of light had affected the melanin level more
strongly (Table 3). It revealed that the melanin level
increased by 6.7 (the median of differences between before
and after one treatment session) after blue light irradiation
without a statistical significance (P-value >0.1), whereas
it decreased by 15.5 with a statistical significance
(P-value<0.005) after red light irradiation.

DISCUSSION

The pathogenesis of acne has not yet been clarified. It is
the current consensus that acne is a multifactorial disease
which involves four primary events; follicular hypercorni-
fication, increased sebum secretion, colonization of P.
acnes, and inflammation [14]. Particularly, P. acnes is
considered to play a key role in more than one way. It acts on
triglycerides and releases its cytokines, which trigger
inflammatory reactions and also alter the infundibular
keratinization status [19,32].

Recently, it has been proved that the bacterial porphyr-
ins, which P. acnes produces as a part of its normal
metabolism, can cause a photodynamic reaction with
exposure to absorbed wavelengths of light. This reaction
stimulates production of reactive free radicals and singlet
oxygen species, which results in destruction of the bacteria
[14—-23]. Although the bacterial sensitivity to light becomes
higher as the wavelength gets shorter, there exists a second
absorption peak at 415 nm, which corresponds to that of
coproporphyrin III, the predominant bacterial porphyrin
produced by P. acnes [15,21,33,34].

Many clinical studies have proved the efficacy of blue
light in the treatment of acne [24—31]. Among them, a
unique clinical study performed by Papageorgiou et al. [24]
tried the mixture of blue and red light from fluorescent
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Fig. 4. The numbers of each type of lesions at baseline and at the 8-week post treatment
assessment (with numerical data shown in the table).

lamps for acne, which showed mean percentage improve-
ments in comedones and inflammatory lesions of 58% and
76%, respectively. These clearance rates were significantly
higher than those with blue light therapy alone. The
authors proposed that the superior effect of the mixed light
was due to the synergy between the anti-bacterial and anti-
inflammatory effect of blue and red light, respectively.
The beneficial effects of red light on the skin have been
suggested by many studies [35—45]. It has been demon-
strated by an in vitro study that red light influenced
cytokine release from macrophages, which consequently
stimulated fibroblast proliferation [35]. Karu [38,39]
suggested that absorption of red and near-infrared light
by photoacceptor molecules within the respiratory chains
can cause alteration in the redox status of the cells and
activate the nucleic acid synthesis to accelerate cell
proliferation. Additionally, Lanzafame and his colleagues
showed that low-level laser irradiation at a wavelength

within visible red waveband can produce various beneficial
effects such as stimulation of cell proliferation, release of
growth factors, collagen deposition, and neovascularization
[40—42].

Recently, the LED has become of interest to many
investigators as a new light source for phototherapy. A
series of comprehensive studies performed by Whelan et al.
[43—45] demonstrated that 670 nm LED treatment upre-
gulated tissue regeneration genes and accelerated wound
closure. Their study also showed that the expression of
genes coding cytokines and their receptors was down-
regulated after red LED treatment. In addition to the
wound healing enhancement, photorejuvenation, which
refers to the process where light is used to improve
photoaged skin, has been proposed as another application
of LED by Weiss et al. [46—49] (590 nm) and Russell et al.
[50] (633 and 830 nm). The use of blue LEDs in the
treatment of acne was reported by Morton et al. [30], which
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assessment.

showed a good treatment effect on inflammatory acne
lesions. Although the exact mechanisms of action have not
yet been clarified, LEDs are considered to be highly
effective in enhancing cellular activities through mitochon-
drial photobiomodulation (visible red waveband) as well as
in eliciting the photodynamic destruction of P. acnes
(visible blue waveband) [30,45].

In the present study, we treated patients with facial acne
by alternating blue light treatment and red light treat-
ment, utilizing a high intensity LED-based device, which
had very narrow-band wavelengths peaking at 415 and
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633 nm, without any UV radiation at all, and a relatively
low heat-emitting property. Our results showed final mean
percentage improvements in comedones and inflammatory
lesions of 34.28% and 77.93%, respectively. The superior
effect on inflammatory lesions over comedones was noted in
our study, in concordance with other clinical trials using
blue light treatment [16,19,24,26]. This tendency might be
caused by the fact that P. acnes, the main target of light
therapy, resides mostly in inflammatory acne lesions [51].
The mean percentage improvement of inflammatory
lesions was similar to that of Papageorgiou’s study [24]
where the mixture of blue and red light was used (76%), but
higher than those where blue light was used alone such as
Gold et al. [31] (36%), Elman et al. [27] (59—67%), Morton
etal.[30](64%), Kawada et al. [26] (papule:69.3%, pustules:
73.3%), and Tzung et al. [28] (approximately 60% improve-
ment in papulopustular lesions and 20% aggravation in
nodulocystic lesions, exact numerical data not provided). It
was notable that the nodulocystic lesions responded to our
treatment as well, whereas they were aggravated in
Tzung’s study [28] where blue light was used alone. This
result suggests that combiningred light with blue light may
exert a synergistic effect between anti-inflammatory and
anti-bacterial action, respectively, to improve extremely
inflamed acne lesions.

We consider the mean percentage improvement of acne
lesions presented in our study is high enough to be
comparable to the efficacy of photodynamic therapy using
aminolevulinic acid (abbreviated as ALA-PDT). ALA-PDT
can be beneficial for acne particularly because it destroys
pilosebaceous units as well as P. acnes [562—54]. Although
its efficacy has been reported with variable mean percen-
tage reduction rates from 32% to 72% according to different
authors [65-62], ALA-PDT would not appear to offer
significant advantage in the treatment of acne, particularly
when the adverse effects of considerable long-lasting post
inflammatory hyperpigmentation (PIH) following severe
acute local reactions are taken into account, which is
especially the case in dark-skinned individuals of Asian
origin [19,55,58—62]. In addition, the time lapse for ALA
incubation and the necessity of vigorous sun protection to
avoid potential phototoxic reactions for several days after
ALA-PDT may decrease the patients’ satisfaction level
regarding this therapy [19].

The instrumental measurement results gave an inter-
esting finding, in that the melanin level decreased
significantly after the red light irradiation, whereas with
blue light, the level increased slightly. However, combining

TABLE 2. Differences in the Moisture Level, the Sebum Level, and the Melanin
Level Between Before and After Treatment

Difference
P-value
Type of instrumental measurement Mean + std Median (Sign rank test)
Corneometer™ (moisture) —0.81 + 4.34 —1.42 0.3264
Sebumeter™ (sebum) —13.88 + 56.88 —5.25 0.2502
Mexameter ™ (melanin) —5.69 + 8.38 —-7.08 0.0032
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TABLE 3. The Differences in the Melanin Level After Each Blue and Red Light Irradiation, and After the Final

Treatment Compared With Before the First Treatment

Difference
Variables Mean =+ std Median P-value
Between before and after each blue light irradiation 8.52 + 15.48 6.70 0.3125%
Between before and after each red light irradiation —-17.97 + 13.62 —15.50 0.0020%
Between before the first treatment and after the final treatment —17.79 + 18.60 -16.20 0.0001°

8P-values are for sign rank test.
bP.value is for paired ¢-test.

both wavelengths of light produced an overall decrease in
the melanin level, which reached a statistically significant
level. We compared the melanin levels taken before the first
treatment with those taken after the last treatment
(Table 3). The paired ¢-test revealed a significant reduction
of melanin levelsby —17.79 + 18.60 after the last treatment
(P-value =0.0001) compared to the baseline. To the best of
our knowledge, no study has to date reported on the
differences in instrumentally measured melanin levels
between before and after red light irradiation. It is possible
that this finding has some relationship with the bright-
ening effect of the skin tone, which 14 out of 24 patients
spontaneously reported after the treatment period. The
mechanism of red light affecting the melanin level is not
clear and remains to be determined by further studies. In
regards to the moisture and sebum levels, the results
showed an insignificant decrease in both. Therefore, it may
be helpful to apply moisturizer after each treatment. It is
highly possible that the decrease in the moisture level is
due to the mild heat emitted from the phototherapy device.

The investigator’s and the subject’s assessment showed
a tendency for the latter to express less satisfaction than
the former, even though the proportion of subjects who
answered “good” or “excellent” increased throughout the
study period. At the mid-point assessment, 10 patients
reported that they could not find any improvement in their
acne. Two of them complained of a transient, mild flare-up
of previous acne lesions after the blue light treatments,
which did not occur after red light treatment. A possible
explanation for this phenomenon is that the debris of
destroyed P. acnes may initiate an inflammatory response
by recruiting neutrophils and stimulating the release of
complements [55,63,64]. The temporary eruption disap-
peared spontaneously after 1-2 days. At the end of the
study, only two patients expressed their dissatisfaction
with the treatment. However, the number of acne lesions in
these patients actually turned out to have decreased by
lesion counting, which encouraged us to make further
inquiries at the last assessment to find out the reasons for
the differences in satisfaction levels between the investi-
gator and the subjects. The result revealed that the
patients were unsatisfied because of the erythema and
PIH on their previous acne sites. This is a typical pitfall in
the treatment of acne of dark-skinned individuals, which is
sometimes regarded as a treatment failure by the patients
[65,66]. Therefore, proper management of PIH is sug-

gested to be combined with this LED phototherapy,
especially for Asian patients and other dark-skinned
individuals, as it is also the case with other acne treatment
modalities.

There was no side effect reported regarding this therapy
during the whole study period except a sense of mild
warmth during the red light treatment, which, however,
the patients had felt as comfortable. Recently, several
clinical studies have shown that heat may be beneficial for
acne [67-70], which raises a possibility for our subjects to
have benefited from the mild heat from the LED device.
However, the devices used in those studies were specifically
designed to deliver thermal energy to the dermis while used
in contact with the skin surface, whereas the one used for
our study was equipped with cooling fans to avoid heat
generation, consisted of LEDs which have low heat-
emitting property, and was positioned 3—5 cm above from
the skin surface during the treatment. We measured the
skin surface temperature before and after treatment with a
digital infrared thermometer (Dotory Plus™, HuBDIC Co.,
Ltd., Anyang, Republic of Korea), the difference of which
turned out to be only about 1°C. Therefore, we consider
that, in the present study, the amount of heat which
actually reached the dermis should be too small to produce
significant therapeutic effects.

Our treatment method for acne, alternating blue and red
LED phototherapy, was easy to deliver, well-tolerated,
pain- and side-effect free, and gave a satisfyingly high
clearance rate in patients with inflammatory acne. The
study has, however, several limitations. There was no
control group using either classical treatment modalities or
other previously reported phototherapy methods with blue
light alone or a mixture of blue and red light. The small
sample size and the relatively short follow-up period should
also be considered as limitations to this study. However, the
high percentage of clearance in inflammatory acne at the
8-week post treatment assessment, and the concordance of
this result with other studies, mean that further investiga-
tion through controlled, randomized, and blinded studies is
merited to determine the efficacy and to optimize the
treatment parameters for blue and red light combination
LED phototherapy.

CONCLUSIONS

We treated 24 patients with mild to moderately severe
facial acne using quasimonochromatic LED devices,
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alternating blue (415 nm) and red (633 nm) light. The final
mean percentage improvements in non-inflammatory and
inflammatory lesions were 34.28% and 77.93%, respec-
tively. No adverse effect was found after treatment.
Brightened skin tone and improved skin texture were
spontaneously reported by 14 patients. Objective instru-
mental measurements indicated that the melanin levels
significantly decreased by —17.79 + 18.60 after the eighth
treatment, compared to those measured before the first
treatment (P-value=0.0001). We consider that this blue
and red light combination LED phototherapy is an
effective, safe, pain-free, and easy-to-perform treatment
for mild to moderately severe acne vulgaris, particularly for
inflammatory lesions. The newly found brightening effect
of this therapy would be appealing to Asians, although the
exact efficacy and mechanism of this effect need further
investigations.
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