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Background and Objectives: Acne vulgaris, a chronic
inflammatory disease, affects more than 90% of teen-
agers. The first‐line treatments for acne vulgaris are
topical and oral medications, mainly antibiotics and
retinoids. However, antibiotic resistance of Propioni-
bacterium acnes, contraindications, partial response,
significant adverse effects, or recurrence creates demand
for novel treatment options in acne. Aminolevulinic acid
(ALA) photodynamic therapy (PDT) is a well‐established
modality in the treatment of acne. Nevertheless, PDT has
limitations: it may not be effective for every patient; sev-
eral treatments are usually required to achieve sufficient
outcome; incubation time is 1–3 hours; treatment pain
and post‐treatment downtime may be difficult for some
patients to endure; and adverse effects may occur. This
retrospective chart review was conducted to evaluate the
efficacy and safety of PDT, assisted by a thermomechan-
ical ablation (TMA) fractional injury device in the
treatment of patients with moderate to severe acne.
Study Design/Materials and Methods: We conducted
a retrospective chart review of 30 acne patients treated
with TMA immediately before 5% ALA application with
an incubation time of 1 hour and exposure to 60 J/cm2

red light (630 nm). Patients received up to three
monthly treatments and were followed for 16 weeks.
Two independent investigators evaluated the subject
outcomes according to high definition photographs
taken at baseline, before each treatment and at follow‐
up visits. Three acne grading methods were used: Acne
Grading Scoring System (AGSS), the Leeds revised acne
grading system, and the general response to the treat-
ment score. Patients also provided self‐assessments of
improvement using the patient global impression of
change (PGIC).
Results: Compared with baseline, the AGSS has showed
a statistically significant reduction of 26.7% and 23.7%,
respectively, at weeks 8 and 16 after final treatment. The
Leeds score showed 65.2% and 60.6% improvement at the
respective visits. The overall response rate was graded

3.3± 0.5 out of 4. PGIC score given by the patients was 5.5
out of 7, reflecting high satisfaction.
Conclusion: TMA used immediately prior to ALA appli-
cation may enhance the effectiveness of PDT in the
treatment of acne with minimal side effects, reduced
downtime, and fewer sessions. The exact mechanism of
TMA‐assisted PDT is still to be understood. Lasers Surg.
Med. © 2020 Wiley Periodicals, Inc.
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INTRODUCTION

Acne vulgaris is a common condition among teenagers
and adults, which might result in scarring [1]. Although
highly effective, many patients refuse systemic treatment
or pose relevant contraindications [1].

Photodynamic therapy (PDT) has been used as an al-
ternative and effective evidence‐based treatment for acne
vulgaris since 2000 [2,3]. PDT is not effective for every
patient. In most patients, several treatments are required
to achieve an improvement. They are frequently asso-
ciated with pain, downtime, and adverse effects. Pre-
ceding skin manipulation is aimed to enhance photo-
sensitizer absorption and employed to improve PDT
outcome, reduce pain and adverse effects, and ease
downtime. Laser‐assisted PDT has been advocated by
many studies with impressive results when fractional
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ablative laser was used prior to PDT for the treatment of
actinic keratosis [4].
The thermomechanical ablation (TMA) technology

combines thermal energy with motion. At low energy
settings, most of the thermal effect is concentrated in the
stratum corneum (SC) leading to rapid heat transfer and
dehydration of the layer. Heat from the thermal tip com-
promises the integrity of the SC, which consequently be-
comes brittle leading to layer breakage when the tip is
progressed toward the treated tissue. Gentle elimination
of the SC and desiccation of the upper epidermis estab-
lishes a concentration gradient by Fick's law. Thus, en-
hancement of drug delivery following TMA treatment is
achieved. The aim of this study is to evaluate the efficacy
and safety of TMA‐assisted PDT for the treatment of
patients with moderate to severe acne vulgaris.

MATERIALS AND METHODS

This is a retrospective chart review. All patients with
acne vulgaris treated with TMA‐assisted PDT in the Dr.
Artzi & associates Treatment and Research Center be-
tween January 2018 and March 2019 were collected. Data
collected included demographics, medical history, skin
type, previous acne treatments, PDT treatment protocol,
number of treatments, side effects, and patient photo-
graphs before treatment and at follow‐up visits. The study
included patients above the age of 16 years and excluded
patients with concurrent acne treatment and pregnant
and lactating women.
The TMA device (Tixel®, Novoxel®, Israel) combines

thermal energy with motion. It consists of a titanium tip
made up of an array of tiny pyramids heated to 400°C
(752°F). The tip is advanced until contacted with the skin,
dehydrates and breaks downs the SC, and, thus, facilitates
the delivery and permeation of several drugs into the skin.
This system is easy to operate and nearly painless.
Patients received up to three monthly treatments de-

pending on the treating physician's recommendation, and
their follow‐up visits were done at week 8 and 16 after the
final treatment. First, the face was washed with tap water
and Cetaphil soap followed by the use of a dry towel. After
the skin was pretreated with 2 cc 70% alcohol using a
gauze, the TMA device was applied to the patient's face
using contact intervals of 6milliseconds with 400–600
protrusion. Immediately afterwards, aminolevulinic acid
(ALA) gel in a concentration of 5% was applied under
occlusion for 1 hour. Next, the face was illuminated with

red light (630 nm) from a non‐coherent light source
(OMNILUX MEDICAL; PhotoTherapeutics a GlobalMed
Technologies Co.Napa, California, USA) at a dose of
60 J/cm2 for 12minutes and 47 seconds while wearing
protective eyewear. In the second and third treatments,
the incubation time and light dose were elevated by
15minutes and 5 J/cm2, respectively, in each treatment.
Immediate post‐procedure care included topical cold wet
dressings and thermal water (La Roche‐Posay) applied
continuously for 15minutes. Patients were instructed to
avoid sunlight for 48 hours and to use broad‐spectrum
sunscreen for 3 months after treatment. All patients were
photographed using standardized high definition digital
photography (VISIA; Canfield, Parsippany, NJ, USA)
before and after each treatment session and in follow‐up
visits.

Two independent dermatologists, who were unaware of
the treatment protocol, evaluated patient photographs
and rated the improvement using the following scales:
The acne grading scoring system (AGSS, a 1–5‐point scale
evaluating acne severity, Table 1), The Leeds revised acne
grading system (a 12‐point scale based on the comparison
of the patient to a standardized, 12‐color, pictorial grading
series of facial acne, Table 2) and overall response rate
(a 1–4 scale, Table 3). The patients’ pain perceptions were
evaluated using a visual analog scale ranging from 1 to
10. Downtime (days until returning to normal daily ac-
tivity), reported adverse effects, and subjective patient
global impression of changes (PGIC, a 1–7 scale, Table 4)
were retrieved from the patients’ charts.

The photosensitizer used in this trial was a com-
pounded 5% w/v ALA gel (50mg/ml gel). The source for
the active pharmaceutical ingredient (API) ALA was
Fagron (Netherlands). The compounded gel consisted of

TABLE 1. Acne Grading Scoring System (AGSS)

Acne Grading Scoring System (AGSS)

1 Clear, indicating no inflammatory or non‐inflammatory lesions.
2 Almost clear, rare non‐inflammatory lesions with no more than one papule/pustule.
3 Mild, some non‐inflammatory lesions, no more than a few papules/pustules but no nodules.
4 Moderate, up to many non‐inflammatory lesions, may have some inflammatory lesions, but no more than one small

nodule.
5 Severe, up to many non‐inflammatory and inflammatory lesions, but no more than a few nodules.

TABLE 2. Leeds Revised Acne Grading System

Response to treatment

1 Insignificant result‐lesion numbers and erythema
reduction between 0% and 25%.

2 Moderate result‐lesion numbers and erythema
reduction between 26% and 50%.

3 Good result‐lesion numbers and erythema reduction
between 51% and 75%.

4 Very good result‐lesion numbers and erythema
reduction between 76% and 100%.
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the following excipients (% w/v): potassium sorbate 0.2%
(preservative), oleic acid 10% (skin penetration enhancer),
sepigel 305 10% (vehicle), purified water ~75% (solubilizer
and part of the vehicle), and hydrochloric acid 10% sol-
ution/potassium hydroxide 15% solution (for adjusting the
pH to 4). The decision to adjust the pH to 4 maintained
the gel's stability [5]. The gel was prepared fresh before
each participant's treatment. Sepigel 305, which creates
the preparation's gel with the purified water, is a multi-
functional vehicle with thickening, stabilizing, textu-
rizing, and tissue‐adhering properties in a wide pH range
including the acid environment needed to maintain ALA
stability [6,7]. Oleic acid is a known skin‐penetrating
enhancer of ALA with peak performance at 10% concen-
tration [8].

RESULTS

A total of 30 patients (11 males and 19 females) received
the TMA‐assisted PDT treatment for acne vulgaris be-
tween January 2018 and March 2019. Their demo-
graphics are demonstrated in Table 5. None of the pa-
tients were excluded from the study. The average age of
the participants was 29± 10.2 (range: 16–59). Fitzpatrick
skin types II (n= 19) and III+ IV (n= 11) were repre-
sented. Disease duration ranged from 1 to 22 years (mean
8.1 years, standard deviation [SD]± 5.3). All patients
failed at least one treatment modality (oral isotretinoin,
oral antibiotics, and topical therapy) and rejected the
possibility of oral isotretinoin cycle.
The mean number of treatments was 1.9± 0.86.

Average pain level was 3.3± 0.8. There were no sig-
nificant adverse events other than prolonged erythema
(mean 12.4 days) encountered by 16 patients (53.3%). The
average downtime was 6.4± 0.8 days. TMA‐assisted PDT
treatment showed significant responses in all measured

scales (Figure 1). AGSS showed a mean improvement of
26.7%, 8 weeks after the final treatment, and this im-
provement persisted to be as high as 23.7% at 16 weeks
after the final treatment follow‐up. The Leeds score
showed 65.2% and 60.6% improvement at 8 and 16 weeks
after last treatment, respectively. Overall response rate
was graded 3.3(±0.5) out of 4, and the PGIC score given by
the patients was 5.5 out of 7, reflecting high satisfaction.

DISCUSSION

Acne vulgaris is a common multifactorial disorder of the
pilosebaceous unit, affecting millions of teenagers and
adults around the globe [1]. Moderate and severe acne are
best treated with systemic drugs. These include oral an-
tibiotics, isotretinoin, and contraceptives or anti-
androgens. Oral antibiotics are usually prescribed for up
to 6 months due to bacteria resistance, adverse effects,
and lack of long‐term efficacy. Isotretinoin is teratogenic,
requires repeated blood and pregnancy tests, and incurs
substantial side effects. Hormonal therapy is indicated
only for female patients, and side effects include nausea,
vomiting, abnormal menses, weight gain, breast tender-
ness, and increased risk for thromboembolism [1]. Non‐
medical alternatives include intense pulsed light (IPL),
Narrowband blue and red light, different diodes, lasers,
and photodynamic therapy [2].

PDT has been used as an alternative and effective
evidence‐based treatment for acne vulgaris since 2000 [3].
The therapeutic effect of PDT is achieved by light acti-
vation of a photosensitizing agent, which, in the presence
of oxygen, leads to the formation of reactive oxygen in-
termediates. These intermediates irreversibly oxidize es-
sential cellular components, causing apoptosis and ne-
crosis [9]. The efficacy of PDT treatment is limited by
several factors, and one of them is the ability of the pho-
tosensitizer to reach the target zone—the sebaceous
glands, which are located deep in the dermis.

Nevertheless, PDT has limitations. It is not effective for
every patient; several treatments are usually required to
achieve an outcome; intra‐treatment pain and intolerable
post‐treatment adverse effects may occur. Most studies
recommend 1–4 treatment sessions and show that more

TABLE 3. Overall Response Rate

Insignificant result (1) Lesion numbers and erythema reduction between 0% and 25%.
Moderate result (2) Lesion numbers and erythema reduction between 26% and 50%.
Good result (3) Lesion numbers and erythema reduction between 51% and 75%.
Very good result (4) Lesion numbers and erythema reduction between 76% and 100%.

TABLE 4. Patient Global Impression of Change (PGIC)

Patient Global Impression of Change (PGIC)

1 No change (or condition has gotten worse).
2 Almost the same, hardly any change at all.
3 A little better, but no noticeable change.
4 Somewhat better, but the change has not made any

real difference.
5 Moderately better, and a slight but noticeable change.
6 Better and a definite improvement that has made a

real and worthwhile difference.
7 A great deal better and a considerable improvement

that has made all the difference.

TABLE 5. Demographics

Number of patients 30

Sex (% female) 63.3
Age (years) 29 (±10.2)
Disease duration (years) 8.1 (±5.3)
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PDT treatment sessions will result in a better acne
clearance rate with 3–12 months remission post‐
treatment [5]. One study failed to demonstrate that three
treatment sessions provide better results compared with a
single treatment [10].
Over the years, six alterations have been suggested to

improve PDT outcome and to decrease the difficult down-
time and adverse effects. (i) The use of different photo-
sensitizing agents such as Propionibacterium acnes in-
trinsic porphyrins, ALA hydrochloride, and methyl
aminolevulinate. (ii) The use of lower concentrations of
photosensitizing agents. ALA concentrations for acne vary
between 5% and 20% [6]. Higher concentrations of ALA are
considered to be more effective but with higher rate of
adverse effects, pain level, and more difficult healing pe-
riod [5]. Although, a few clinical trials supported the effi-
cacy of 5% ALA for moderate to severe acne [11–13], using
10% ALA was shown to be more effective for severe acne
than PDT using 5% ALA [14]. (iii) The use of different
formulated photosensitizing agents aimed to optimize their
skin permeation [13]. (iv) The use of different light sources
—such as blue and red light [15], IPL, different lasers, and
sunlight [5]. (v) The employment of different incubation
and exposure times [5]. And lastly, (vi) preceding tissue
manipulations aimed to enhance photosensitizer absorp-
tion. The latter showed impressive results when fractional
ablative laser was used prior to PDT when treating actinic
keratosis [4,16]. It is only reasonable to assume that pre‐
treatment with a laser will also enhance the efficacy when
using PDT for acne allowing for lower ALA concentration
and decreased incubation time.
Compared with lasers, mainly CO2 lasers, the effect of

TMA is more superficial [17,18]. However, pre‐treatment
with low‐energy TMA was shown to increase the percu-
taneous permeation of compounded 20% ALA gel linearly
over the first 5 hours from application, resulting in higher
average PpIX fluorescence intensity measurements com-
pared with only topical ALA application [17]. This was the
rationale of our TMA‐assisted PDT for our acne vulgaris
patient. The same compounded formulation in 5% con-
centration was used. In our study the mean number of

treatments was 1.9 (SD= 0.86) with a mean VAS score of
3.3. The clinical results observed at 8 and 16 weeks
(Figure 2) post‐treatment demonstrate relatively low side
effect profile, minor erythema, and short downtime at
lower cost (device and ALA costs).

Fig. 1. The AGSS, Leeds, and PGIC scores before, at 8 and
16 weeks post‐treatment. AGSS, Acne Grading Scoring System;
PGIC, patient global impression of change.

Fig. 2. Representative patients before (a, c, e, g) and 16 weeks
post last treatment (b, d, f, h).
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Our study contains many limitations. This is a non‐
controlled retrospective chart review with no control arm,
no comparison with higher ALA concentrations and with
follow‐ups, and limited to no longer than 16 weeks. In
addition, the exact mechanism of TMA‐assisted PDT is
still to be understood. In general. PDT mechanism of ac-
tion for acne is believed to be at least partially due to
sebaceous gland damage. As compared with lasers, which
create deep channels, allowing drugs to diffuse into
dermis, TMA technology eliminate the SC barrier to allow
substance into the epidermis. Other mechanisms that
might explain the superior results of TMA‐assisted PDT
can be the effect of heat on the skin flora or other epi-
dermal effect of ALA and subsequent epidermal–dermal
intercellular influences. A controlled prospective
randomized study comparing TMA‐assisted PDT using
appropriate ALA preparation and procedure, as dis-
cussed, to standard PDT or to fractional ablative laser‐
assisted PDT will better evaluate this procedure and
establish its superiority or inferiority.

CONCLUSION

TMA used immediately prior to ALA application may
enhance the effectiveness of PDT in the treatment of acne
with minimal side effects, reduced downtime, and fewer
sessions. The exact mechanism of TMA‐assisted PDT is
still to be understood.
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