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Background: Microbotulinum refers to the systematic injection of tiny blebs
of diluted botulinum toxin at repeated intervals into the skin. This targets the
superficial fibers of the facial muscles, and weakens their insertion into the
undersurface of the skin, which is responsible for the fine lines and wrinkles
on the face. The authors present a pilot study based on quantitative evaluation,
by means of a skin-scanning technology, of the aesthetic improvement of skin
texture, microroughness, and enlarged pore size in a patient group treated
with microbotulinum injections for cosmetic purposes.

Methods: The treatment was performed using a 32-gauge needle to deliver
injections on a regular 1-cm grid from the forehead to the cheek and down
to the jawline.

Results: Sixty of the 62 patients completed the study. All analyzed parameters
improved significantly (p < 0.0001) at 90 days with respect to the pretreatment
time point (skin texture, -1.93 + 0.51; microroughness, ~2.48 + 0.79; and pore
diameter, 2.1 + 0.43). Best results have been obtained in patients aged between
42.7 and 46.8 years, and standard deviation calculation allows us to recom-
mend it in patients aged between 36.5 and 53 years.

Conclusions: The results of this pilot study suggest that intradermal botulinum
toxin injection, or socalled microbotulinum, is a safe and effective method to
treat skin flaws. Because of the high satisfaction rate among both physicians
and patients, further studies are indeed mandatory to determine the optimal
number of units needed for a longer and lasting effect with this particular
novel dilution. (Plast. Reconstr. Surg. 146: 987, 2020.)
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the appearance of dynamic rhytides caused
by muscle contraction. Several areas are com-
monly treated with botulinum toxin in the upper
face (glabella, forehead, eyebrows), midface
(bunny lines, crow’s feet), and lower face (gummy
smile, masseter, mentalis, nasolabial folds, and
neck).

Regardless of the treated area, the typical
frozen nonmovement is undesirable for most
patients today. Following the euphoric satisfaction
of the 1990s given by the possibility of inducing
muscle paralysis and reducing the appearance of
wrinkles through injections alone, a time came
when patients started to complain about the stiff

Botulinum toxin can be used to treat cosmeti-
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and unnatural appearance. To achieve more nat-
ural and less dramatic results, clinicians began
experimenting by reducing the dose and increas-
ing the dilution to obtain optimal results in small
aesthetic flaws and skin conditions.

With the aim of granting a more natural
appearance on the face, small blebs with lower
doses are injected into the dermis—or the inter-
face between dermis and the superficial facial
muscles—and this leads to decreased muscle
activity where facial muscles are attached to the
skin. The appearance of the wrinkles and fine
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lines would be decreased, yet sufficient movement
of the underlying muscles would be maintained.
In the forehead or undereye regions, microbotu-
linum allows avoidance of the stiff and motionless
appearance often secondary to traditional dosage
and droplet size.

In the lower face and neck, botulinum toxin
can be successfully used to improve neck skin tex-
ture and to decrease the activity of the superficial
fibers of the platysma muscle, which results in a
better cervicomental contouring of mild neck
laxity and jowling.! In addition, the smooth lus-
trous appearance of the skin caused by decreased
sweating and sebaceous gland activity-——secondary
to the neurochemically induced bulk atrophy
of sweat and sebaceous glands—is an aesthetic
bonus.**

Microbotulinum refers to the systematic injec-
tion of multiple tiny blebs of diluted botulinum
toxin at repeated intervals into the skin.' This
targets the superficial fibers of the facial muscles
and weakens their insertion into the undersurface
of the skin, which is responsible for the fine lines
and wrinkles on the face and neck.

Less invasive techniques are constantly being
pursued with the aim of correcting aesthetic flaws,
in a safe and reliable way, and with this in mind,
the authors present a pilot study based on quan-
titative evaluation—by means of a skin-scanning
technology—of the aesthetic improvement of a
large group of patients treated with microbotuli-
num injections of the face and neck for cosmetic
purposes.

MATERIALS AND METHODS

Between January of 2017 and December of
2017, 62 patients were enrolled in this study, 54
women and eight men. Men were aged between 34
and 47 years (mean, 35.1 years), and women were
aged between 28 and 64 years (mean, 45.2 years).

The assessment was focused on skin texture
(compactness and homogeneity), skin micror-
oughness, and pore diameter before and 90 days
after the microbotulinum injection. [See Figure,
Supplemental Digital Content 1, which demon-
strates a patient treated for skin texture: Der-
moPrime scan image shows skin texture before
(left) the microbotulinum injections and the
improvement after 30 days (right), http://links.kuw.
com/PRS/E204. See Figure, Supplemental Digital
Content 2, which demonstrates a patient treated
for microroughness: DermoPrime scan image
shows microroughness before (left) the micro-
botulinum injections and the improvement after
30 days (right), http://links.lww.com/PRS/E205.]
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© Improvement in 30 days @ Improvement in 120 days
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Fig. 1. Investigator Global Aesthetic Improvement Scale-Aller-
gan Skin Roughness Scale.

© Improvementin 30 days @ Improvement in 120 days
@ No improvement

Fig. 2. Investigator Global Aesthetic Improvement Scale-Aller-
gan Fine Lines Scale.

In addition, the Investigator Global Aesthetic
Improvement Scale for “skin roughness” (Fig. 1)
and “fine lines” (Fig. 2) photonumeric scale was
used to assess the improvement in the overall
appearance of the skin”* before and 90 and 120
days after the treatment.

Also, each patient was provided with a ques-
tionnaire including a Subject Global Aesthetic
Improvement Score at 30 (Fig. 3) and 120 days
(Fig. 4) after the treatment.

Participants were asked to maintain the same
skin-care regimen throughout the study and
4 weeks before treatment. The study protocol
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@ Dissatisfied

@ Satisfied

@ Very satisfied

Fig. 3. Subject Global Aesthetic Improvement Scale: 1, very satis-
fied; 2, satisfied; 3, dissatisfied; and 4, very dissatisfied at 30 days.

@ Very satisfied @ Satisfied @ Dissatisfied

Fig. 4. Subject Global Aesthetic Improvement Scale: 1, very sat-
isfied; 2, satisfied; 3, dissatisfied; and 4, very dissatisfied at 120
days.

followed the ethical guidelines of the Declara-
tion of Helsinki and the participants were asked
to give their informed consent before any study
procedure.

Exclusion criteria included known allergy to
cow’s milk protein, active use of antiaging products
containing retinol, and any treatment 6 months
before baseline, including botulinum toxin type
A injections in the face or neck; facial soft-tissue
filler; laser, ultrasound technology, and/or radio-
frequency on the face or neck; and treatment with
isotretinoin or oral acne medications. The treat-
ment was performed with the patient placed in

a semireclined position, using a 32-gauge needle
with the bevel pointed downward.

To treat the face, a 125-US (Speywood units)
vial of abobotulinum toxin A (Azzalure; Ipsen
S.p.a., Milano, Italy) was reconstituted with
1.25 ml saline solution. Then, 0.5 ml (50 US) was
drawn into a 1-ml syringe and a further 0.5 ml of
lidocaine (0.5%), or saline if the patient reported
allergy to lidocaine, was added to the syringe to
make it a 1-ml volume. This would give a concen-
tration of 50 US/ml. During the injection proce-
dure, the skin was kept taut by additional finger
pressure and the injections were given in a regu-
lar 1-cm?® grid. (See Figure, Supplemental Digital
Content 3, which shows the forehead and cheek
1-cm? grid used to deliver the injections, http://
links.luww.com/PRS/E206.)

Approximately 150 injections were delivered
into the superficial dermis using 32-gauge needles
over the entire area, from the forehead to the
cheek and down to the jawline. Care was taken to
penetrate the needle into the skin as superficially
as possible: a resistance was to be felt on pressing
the plunger, and a small, raised, blanched bleb in
the skin would be seen. In contrast, if the solu-
tion was easily injected, the needle had probably
been inserted too deeply into the subdermal or
intramuscular layer, which offers less resistance to
diffusion of the injected liquid.

Patient photographs were obtained using a
Nikon digital SLR D90 12.3 megapixel (Nikon
Corp., Tokyo, Japan) camera. Skin photographs
were taken in the center of the forehead and of
the cheeks, and computerized analysis were car-
ried out before and 3 months after treatment,
using a skin scanner DPLite2 (DAVI&CIA, Barce-
lona, Spain) equipped with a three-dimensional
processing lens, and skin analysis was performed
with DermoPrime software (DAVI&CIA).

The high-resolution microcamera (410,000
pixels) was equipped with a 1.0Hux illuminating
system with polarized light analysis® to assess skin
homogeneity and pore characteristics through
the dedicated software.'” Once the angle of inci-
dence of light is identified, microwrinkle depth
can therefore be calculated accordingly. Ultra-
sounds are emitted by the handpiece, and they
produce small waves on the skin so that its com-
pactness can be inferred by the time necessary for
the wave to return to the handpiece.

This tool therefore allows evaluation of skin
texture, the presence of microwrinkles, and pore
diameter." Skin texture was evaluated on an
inverted scale from 10 to 0 (10, very bad texture;
0, best texture), the microroughness was evaluated
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on an inverted scale from 10 to 0 (10, maximum
presence of microroughness; 0, no microrough-
ness) and pore diameter on an inverted scale
from 10 to 0 (10, minimum diameter; 0, maxi-
mum diameter).

Statistical Analysis

Statistical analysis was performed with Graph-
Pad Prism software (GraphPad Software, Inc., La
Jolla, Calif.). The D’Agostino-Pearson normal-
ity test was performed to verify data distribution.
Descriptive statistics and ¢ test for paired samples
were performed for each considered value (i.e.,
skin texture, microroughness, and pore diam-

eter). The statistically significant level was fixed at
$<0.05.

RESULTS

Sixty of the 62 patients completed the study,
and two were lost to follow-up. Descriptive statis-
tics are shown in Figures 5 and 6 and ttest results
are reported in Tables 1 through 3. [See Table,
Supplemental Digital Content 4, which shows skin
scanner results. Skin texture before (¢0) and 90
days after (¢90) the microbotulinum injections,
http://links.lww.com/PRS/E207.]

All analyzed parameters improved signifi-
cantly (p < 0.0001) at 90 days after treatment with
respect to before treatment (skin texture, -1.93
+ 0.51; microroughness, -2.48 + 0.79; and pore
diameter, 2.1 + 0.43). When comparing their
own before-and-after photographs and using the
Subject Global Aesthetic Improvement Scale,
100 percent of the 60 patients rated themselves
as improved in skin texture, microroughness, and
pore size. Five patients had injection-point ecchy-
mosis; no patients reported muscle weakness or
facial asymmetries.

Blind evaluation performed by the authors
(Investigator Global Aesthetic Improvement
Scale) using the Allergan Skin Roughness Scale
(Fig. 1)7 before, 30 days after, and 120 days after
treatment showed an overall 75 percent improve-
ment at 30 days and 23 percent at 120 days. Four-
teen patients (23 percent) showed improvement
lasting up to 120 days after the treatment, 31 (52
percent) went back to baseline after reaching an
improvement at 30 days, and the remaining 15
patients (25 percent) did not show any improve-
ment. The 14 patients who experienced skin
roughness improvement lasting up to 120 days
were aged between 36 and 61 years (mean age +
SD, 46.8 + 8.03 years).
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Fig. 5. Skin scanner results. Microroughness before (t0) and 90
days after (t90) the microbotulinum injections.
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Fig. 6. Skin scanner results. Pore diameter before (t0) and 90
days after (t90) the microbotulinum injections.

Blind evaluation performed by the authors
(Investigator Global Aesthetic Improvement
Scale) using the Allergan Fine Lines Scale (Fig. 2)"
before, 30 days after, and 120 days after treat-
ment showed an overall 87 percent improvement
at 30 days and 40 percent at 120 days. Twenty-
four patients (40 percent) showed improvement
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Table 1. Skin Scanner t-Test Results*

Table 3. Skin Scanner Results, t-Test Results*

Skin Texture
t0 90 t90

Skin texture t0”

no. of values 60 60 60
Minimum 2 0 -2
25th percentile 4.25 2.25 -2
Median 6 4 -2
75th percentile 8 6 -2
Maximum 10 8 2
Mean 6 4.067 -1.933
SD 2.456 2.51 0.5164
SEM 0.3171 0.3241 0.06667
Lower 95% CI 5.365 3.418 -2.067
Upper 95% CI 6.635 4.715 -1.8

*Skin texture before (10) and 90 days after (190) the injection.

Table 2. Skin Scanner Results, t-Test Results*

Microroughness
t0 t90 t90

Microroughness t0”

no. of values 60 60 60
Minimum 5 3 -5
25th percentile 7 5 -3
Median 7 5 -2
75th percentile 8 5.75 -2
Minimum 10 8 -2
Mean 7.517 5.033 -2.483
SD 1.408 1.207 0.7917
SEM 0.1818 0.1558 0.1022
Lower 95% CI 7.153 4.722 -2.688
Upper 95% CI 7.88 5.345 -2.279

*Microroughness before (10) and 90 days later (t90) the injection.

lasting up to 120 days after the treatment, 28 (47
percent) went back to baseline after an improve-
ment at 30 days, and the remaining eight patients
(13 percent) did not show any improvement. The
24 patients who experienced improvement of fine
lines lasting up to 120 days were aged between 30
and 61 years (mean age + SD, 42.7 + 8.54 years).

Patient self-assessment (Subject Global Aes-
thetic Improvement Scale) at 30 days (Fig. 3)
showed that 26 patients (42 percent) were “very
satisfied,” 33 patients (53 percent) were “satis-
fied,” and three (5 percent) were “dissatisfied.” At
120 days (Fig. 4), 19 patients (32 percent) were
“very satisfied,” 33 (b5 percent) were “satisfied,”
and eight (13 percent) were “dissatisfied.”

DISCUSSION

Botulinum toxin type A is produced by vari-
ous strains of Clostridium botulinum, a Gram-pos-
itive, anaerobic, spore-forming rod. Botulinum
toxin type A has many beneficial applications in
medicine: in the 1980s, Dr. Alan Scott published

Pore diameter

Column F vs. column E t90 vs. t0 df
Paired ttest
pvalue <0.0001
p value summary Hokkk
Significantly different (p < 0.05)? Yes
One- or two-tailed p value? Two-tailed
t dft=37.01 59
No. of pairs 60
How big is the difference?
Mean of differences 2.1
SD of differences 0.4396
SEM of differences 0.05675
95% CI 1.986-2.214
R? (partial eta squared) 0.9587
How effective was the pairing?
Correlation coefficient r 0.9421
p value (one tailed) <0.0001
p value summary ok
Was the pairing significantly effective? Yes

*Pore diameter before (t0) and 90 days later (t90) the injection.

articles on the use of purified botulinum toxin for
the treatment of strabismus.'?

In 1989, the U.S. Food and Drug Administra-
tion first approved botulinum toxin for the treat-
ment of blepharospasm.' Although Carruthers
and Carruthers published their first clinical study
of botulinum toxin type A for glabellar lines in
1992, it would take another decade to achieve
U.S. Food and Drug Administration approval for
this limited indication, and in 2002 botulinum
toxin type A received its first cosmetic indication
for the treatment of dynamic rhytides of the gla-
bella. Nowadays, botulinum toxin type A injection
is the most common cosmetic procedure globally,
and its aesthetic use is supported by a broad litera-
ture base."

North American consensus recommenda-
tions for botulinum toxin type A were revised and
updated in 2008.'° European (French) guidelines
were further published in 2011.""" Comparative
guidelines for onabotulinumtoxinA, abobotu-
linumtoxinA, and incobotulinumtoxinA were pro-
vided by five experts from Canada, Europe, and
South America in 2013."

All of the U.S. Food and Drug Administration—
approved botulinum toxin type A formulations
are now used successfully for the treatment of the
upper face, including onabotulinum toxin [Botox
(Allergan, Inc., Dublin, Ireland) or Vistabex
(Allergan)], abobotulinum toxin [Dysport (Gal-
derma Laboratories, Fort Worth, Texas) or Azza-
lure (Ipsen, Paris, France)l, and incobotulinum
toxin [Xeomin (Merz Pharmaceuticals, Frankfurt
am Main, Germany) or Bocouture (Merz)].
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Although the traditional injection points and
the standardized dosage are still commonly used
and should be the teaching tool for novice injec-
tors, most cosmetic physicians have evolved to tai-
lor dosage and injection points on an individual
basis. This includes taking into account differences
in the anatomy of the muscles, muscle strength,
baseline asymmetries, and relationships to other
aesthetic units, along with the most important fac-
tor of all, the patient-desired outcome.

Although clinical trials have emphasized the
efficacy of the drug with full doses, the frozen and
nonmovement of the glabella and upper face and
eyebrows is undesirable for most of our patients
today. The most common single-unit treatment
sought for upper face nonsurgical rejuvenation
is that for the glabella, along with forehead and
periorbital lines, but cosmetic application of neu-
romodulators to the lower face can lead to dra-
matic aesthetic improvement.”*' To achieve more
natural results, clinicians carried out dose-reduc-
tion strategies and increased the dilution to reach
optimal results in small aesthetic flaws.

Among the factors that determine sebum pro-
duction and pore size, the activity of the arrector
pili muscle and the acetylcholine-mediated acti-
vation of local muscarinic receptors in the pilo-
sebaceous unit are strongly related, as previously
published,”* and these anecdotal reports have
motivated authors to investigate this topic. Even
if the role of the nervous system and acetylcho-
line in sebum production is not well defined, the
improvement of skin condition is dramatic, both
self-assessed and as measured by instrumental
analysis.”

A quantitative instrumental evaluation of
intradermal injection of botulinum to reduce
the flaws of facial aging has already been pub-
lished,*?! but to the best of our knowledge, this
is the first study that analyzes the cosmetic effect
of microbotulinum injection technique on skin
quality by means of instrumental and thus objec-
tive assessment. A skin scanner technology anal-
ysis has been coupled with a blind evaluation of
the results by the authors and a self-assessment
score performed by the patients themselves, to
determine the effectiveness of intradermal botu-
linum toxin injection in improving skin texture,
decreasing microwrinkles, and reducing pore size
by means of quantitative analysis.

This pilot study has been designed and car-
ried out pushed by the common assumption that
cosmetic medicine is very subjective and that
there needs to be a method for determining the
true outcome of treatments besides the mere
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judgment of patients and clinicians. Photography
has been chosen as the method to overcome this;
therefore, standardized photographs of the results
of the forehead (Fig. 7) and of the cheeks and
jawline regions are presented (Fig. 8). However,
as one photographs smaller things, the relation-
ship of the light against the surface of the subject
becomes more determining and difficult to con-
trol. [See Figure, Supplemental Digital Content
5, which shows a patient’s right cheek and jaw-
line before (left) and 30 days after (right) micro-
botulinum injection, http://links.luww.com/PRS/
E208. See Figure, Supplemental Digital Content
6, which show a patient’s right cheek before (left)
and 30 days after (right) microbotulinum injec-
tion, http://links.lww.com/PRS/E209. See Figure,
Supplemental Digital Content 7, which shows a
patient’s left cheek 30 days (right) after microbot-
ulinum injection, http://links.lww.com/PRS/E210.]
When studying tissue texture, fine wrinkles, and
pores, reproducibility of photographs becomes
exponentially more difficult because tiny varia-
tions of light can easily cause major changes in
appearance.”

This is the largest case series that shows that
intradermal injection of botulinum toxin can tem-
porarily improve skin texture (see Figure, Supple-
mental Digital Content 1, http://links.lww.com/
PRS/E204), decrease microwrinkles (see Figure,
Supplemental Digital Content 2, http://links.lww.
com/PRS/E205), and control sebum production
(as shown by the decrease in pore size), with sta-
tistically significant results in the first 3 months,
together with a high degree of patient satisfaction
(95.1 percent). From our results, we can state that
the best results have been obtained in patients
aged between 42.7 and 46.8 years, and calcula-
tion of the standard deviations allows us to recom-
mend this treatment, for better results, in patients
aged between 36.5 and 53 years (average of the
standard deviation). Moreover, given the decrease
in patient satisfaction at 120 days after the peak at
90 days, it has to be pointed out that, to maintain
skin results and a high satisfaction level, retreat-
ment should be considered after 120 days.

The length of efficacy of this intradermal toxin
use is shorter than for the intramuscular one. The
authors believe this must be attributable to the
amount of injected material which, compared to
the published literature, is one-half.

The authors believe that the reported 5 per-
cent lack of patient satisfaction at 30 days is
attributable to a lack of effect secondary to an
undetected loss of toxin solution while delivered,
regardless of whether lost on the skin or because
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Fig. 8. Patient cheek and jawline before (left) and 30 days after (right) microbotulinum injection.

of being injected too deep and thus ineffectively:
this injection technique, as reported in the litera-
ture, is technically dependent on injector skills.'**

The intradermal use of larger amounts could
result in muscle weakness or lack of mimic activ-
ity of the muscles at the treated sites, because of
the deeper level of diffusion. Despite over 100
injections being delivered, patients are comfort-
able and tolerant of the procedure: this is largely
because of the lidocaine that has been mixed into
the microbotulinum solution. The initial prick
may be painful, but within 1 or 2 seconds, the
injection point becomes anesthetized and no lon-
ger bothers the patients, as the rest of the injec-
tions are completed in the remaining areas.”'

If contraindicated because of a referred
allergy or other systemic illness, lidocaine can be
avoided and the dilution can be made with saline
only. If this is the case, patients could experience
some pain along with the injection procedure.
Nevertheless, it is the authors’ opinion that the
use of topical anesthetic could improve patient

compliance to the treatment, as reported with dif-
ferent intradermal injection techniques.**?

Proper localization of injection points on
the cheeks or the perioral region is mandatory,
because inadvertent paralysis in these areas can
significantly affect function. In this series, five
patients had injection-point ecchymosis, and no
patients reported muscle weakness or facial asym-
metries during the follow-up period. Moreover,
the possibility of delivering an intramuscular
injection and causing subsequent paralysis also
becomes relevant in the design of future studies
concerning intradermal botulinum toxin, as it has
the potential to unblind the treated subject and
the investigator.

CONCLUSIONS

The results of this pilot study suggest that intra-
dermal botulinum toxin injection, or so-called
microbotulinum, is a safe and effective method to
treat skin flaws affecting texture and microrough-
ness and to reduce enlarged pore size. It is to be
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preferred in middle-aged patients, between 36.5
and 53 years, looking for middle-term results, as
the here-considered follow-up period does not
extend beyond 120 days. Because of the high sat-
isfaction rate among both physicians and patients,
further studies are indeed mandatory to deter-
mine the optimal number of units needed for a
longer and lasting effect with this particular novel
dilution.

Alberto Diaspro, M.D., M.Sc.

Rigeneralab Centre for Regenerative Medicine
Corso Unione Sovietica 159/a

10134, Turin, Italy

info@albertodiaspro.com

Instagram: dr_albertodiaspro

Twitter: @DrDiaspro

Facebook: Alberto Diaspro

PATIENT CONSENT
Patients provided written consent for the use of their

images.
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