
	 www.PRSGlobalOpen.com	 1

INTRODUCTION
The periorbital area is a critical region in facial per-

ception, where even subtle changes can greatly enhance 
facial aesthetics,1 and is deemed the most susceptible to 
the signs of aging, as evidenced by the appearance of both 
static and dynamic crow’s feet (CF).

Undoubtedly, repetitive facial expressions involving 
orbicularis oculi activation, coupled with its strong con-
nection to the dermis and increased skin laxity, play a 

crucial role in determining their appearance2; however, 
they can be successfully treated with botulinum neuro-
toxin type A (BoNTA).

Its ability to alleviate CF was first described in 1993.3 
Since that time, it has been widely used in the cosmetic 
field to reduce wrinkles and rejuvenate the skin.4

BoNTA has been conventionally administered through 
local intramuscular or intradermal microdroplet injection, 
and in both cases, it has been proven effective in revers-
ing facial wrinkles.5 The aesthetic effect of its injection 
can vary and is primarily influenced by depth and dilu-
tion. The methods available in the literature to properly 
assess this effect are divided between clinical evaluation6,7 
and objective quantitative digital imaging and analysis.8,9 
Nowadays, proposals for new scales for wrinkle assessment 
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Background: Lateral canthal lines can be effectively treated with injections of 
botulinum toxin, whereas the aesthetic effects can vary due to factors such as 
injection depth, which is essential for achieving predictable clinical outcomes. 
Microneedles (MNs) have proven effective in intradermal skin rejuvenation proce-
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efficacy to a normal needle, whereas blind evaluation indicated better results for 
the MN. Patient subjective assessments of procedure pain/discomfort and likeli-
hood of repeating the procedure also favored the MN.
Conclusions: This pilot study suggests that the MN device holds promise for optimiz-
ing the clinical results of botulinum toxin injections by controlling injection depth 
and enhancing patient acceptance and injection experience compared to standard 
needle injection. The absence of adverse events further supports the efficacy of MN 
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are increasingly being digitally validated10 to overcome 
interindividual observation bias and ensure objective and 
reliable results.11,12

Microneedles have proven effective in the intrader-
mal injection of drugs13,14 and for skin rejuvenation pro-
cedures15 including botulinum toxin therapy.16 However, 
until now, they have not been compared with traditional 
needles to reliably evaluate their performances.

The aim of this study was therefore to objectively 
assess clinical efficacy and patient satisfaction regarding 
on-label diluted doses of BoNTA injected intradermally 
for CF treatment using a control needle versus a specific 
microneedle device.

MATERIALS AND METHODS
The study protocol adheres to the ethical guidelines 

outlined in the Declaration of Helsinki. Institutional 
review board/ethics committee ruled that approval was 
not required for this study. Patients selected to partici-
pate in this study were informed about the benefits, risks, 
and potential complications of the treatment before 
enrollment; all provided informed consent before 
participation.

Patient Selection and Study Design
Between December 1, 2021, and July 1, 2021, a total 

of 20 participants were enrolled from the senior author’s 
patient pool for this study. All patients underwent treat-
ment for periocular rejuvenation using Abo-botulinum 
toxin A (Azzalure; Ipsen S.p.a., Milan, Italy).

Women comprised 85% (n = 17) and men 15% (n = 3) 
of the sample. The median age of the patients was 44.2 
(SD ± 13.4) years for women and 55 (SD ± 6) years for 
men. Demographic data are presented in Table 1.

Included patients were those older than 18 years of 
age at enrollment, who were either BoNTA treatment-
naive or had prior treatment experience and were consis-
tent in attending follow-up visits as required by the study. 
Exclusion criteria included a history of botulinum toxin 
or soft-tissue filler treatments within the past 12 months, 
individuals with preexisting neuromuscular or bleeding 
disorders, patients with active inflammation at the injec-
tion site, individuals with hypersensitivity to any compo-
nents of the formulation, and patients taking medications 
that could potentiate the effects of botulinum toxin.

The split-face treatment was administered using 
two different needle types: the control needle, specifi-
cally the Invisible Needle 34G × 9 mm (TSK Laboratory 
Europe, Oisterwijk, the Netherlands), and the micronee-
dle device, MicronJet600 (MJ600) 32.5G × 0.6 mm 
(NanoPass Technologies, Nes-Ziona, Israel). Each 
patient’s face right and left sides were randomly assigned 
for treatment. The randomization process involved 
sealed envelopes numbered 1–20, indicating the allo-
cation. Randomization was conducted using an online-
generated random list (https://www.randomizer.org), 
and each patient selected a number from 1 to 20 from 
a closed urn.

Participants received a single treatment (T0), with  
follow-up visits scheduled at 30 (T1) and 90 (T2) days  
posttreatment. Photographs were taken using a stan-
dardized method at each visit. Both participants and the 
dermatologist assessing outcomes were blinded until all 
participants completed the protocol.

The study design was as follows:
T0:

	 •	Photographic assessment;
	 •	Injection of toxin (on-label dilution) in the CF area 

with both control needle and MJ600 (split-face, blinded 
for the patient);

	 •	Questionnaire and visual analog scale (VAS) scale 
administered after the injection (Tables 2, 3).

T1 (30 d)–T2 (90 d):

	 •	Photographic assessment;
	 •	Subjective Global Aesthetic Improvement Scale admin-

istered (Table 4);
	 •	External blind evaluation (Table 5).

Six drop-offs at T1 (n = 14) and 11 at T2 (n = 9) have 
been recorded.

Treatment
A total of 20 patients underwent treatment for 

the correction of mild to severe CF lines using abo- 
botulinum toxin A. Each 125 US vial was reconstituted by 
adding 0.63 mL of sterile saline solution (0.9% sodium 
chloride).

Takeaways
Question: What is the difference in efficacy and patient 
satisfaction between microneedles and standard needles 
for crow’s feet therapy with botulinum toxin injection?

Findings: The recorded results substantiate the efficacy 
and safety of microneedles for the treatment of crow’s 
feet with intradermal botulinum toxin, demonstrating 
comparable efficacy to traditional methods, while offer-
ing a painless injection alternative that is highly valued by 
both patients and clinicians.

Meaning: The microneedle is a valid alternative to the 
traditional needle for improving patient comfort without 
losing therapeutic effectiveness.

Table 1. Demographic Data
Sex Patients, N (%)

 � Female 17 (85)
 � Male 3 (15)
Age (y)
 � 19–34 5 (25)
 � 35–50 10 (50)
 � 51–64 4 (20)
 � >65 1 (5)
Follow-up
 � T1 (30 d) 14 (70)
 � T2 (90 d) 9 (45)

https://www.randomizer.org
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For the injections, both a control needle and micron 
device were used. The injection method was identical for 
both devices and based on 3 injections performed later-
ally to the canthus, as indicated by the manufacturer. 
Injections proceeded in a medial-to-lateral direction to 
avoid the orbit, with the needle at a 30-degree angle. 
(See Video 1 [online], which displays a microneedle 
for botulinum toxin delivery.) For the control needle, 
only the tip was inserted. A dose of 10 US (0.05 mL) was 
administered at each of the 6 standard points, result-
ing in a total dose of 60 US for both female and male 
patients.

Clinical Assessments
Images of the patients’ faces were captured at each 

visit using a passive stereovision calibrated and stereo-
scopic digital camera, LifeViz Mini (Quantificare S.A., 
06410 Biot, France), with all patients consenting to the 
reproduction of recognizable photographs. Photographs 
were taken with a full-size 1:1 ratio, with the Frankfurt 
horizontal plane parallel to the floor, while each patient 
looked straight ahead in a standing position, at a fixed 
distance.

The stereophotographic system comprises a cus-
tomized Nikon D3400 digital reflex camera with a 24- 
megapixel resolution and a stereoscopic lens and the 
Dermapix software.

The camera captures 2 images simultaneously by 
taking a photograph from different angles in a single 
shot, resulting in a stereoimage. The full face is cap-
tured by acquiring multiple stereoimages from 4 view-
points. The Dermapix software automatically integrates 
these stereoimages and produces a 3-dimensional (3D) 
reconstruction in the “fine analysis” mode, converting 
them into visualizations of 3D pictures with a resolution 
of up to 20 µm.

The 3D Track, built on 3D analysis technology, facili-
tates precise measurements of straight lines, curved lines, 
and enclosed surfaces, along with capturing data points 
such as volume, depth, roughness, and perimeter areas of 
the skin surface.

Following the 3D reconstruction, the skin surface 
obtained is analyzed using the 3D Track module to assess 
skin microroughness before (T0), 30 (T1), and 90 (T2) 
days after the botulinum injection. A reference surface 
is used to differentiate elevations (positive volumes) or 
depressions (negative volumes), which can then be iden-
tified and quantified. Measurements are then calculated 
on this selected surface, and differences are tracked over 
time (including parameters such as roughness, average 
height, average depth, and volume).

Table 2. Subjective Blinded Patient Assessment Imme-
diately After the Treatment on Probability to Repeat the 
Procedure
Grade Needle, N (%) MJ, N (%)

Very probable 10 (50) 11 (55)
Probable 7 (35) 8 (40)
Poorly probable 2 (10) 1 (5)
Not at all probable 1 (5) 0 (0)
Total 20 (100) 20 (100)

Table 3. Subjective Blinded Patient Assessment Immedi-
ately After the Treatment on Procedure Pain/Discomfort 
(VAS) Comparing the Devices
Grade Needle, N (%) MJ, N (%)

No pain 1 (5) 2 (10)
Mild pain 14 (70) 17 (85)
Moderate pain 5 (25) 1 (5)
Severe pain 0 (0) 0 (0)
Total 20 (100) 20 (100)
Several studies looked at the interpretability of VAS and reported nearly similar 
cutoff points for VAS, indicating that VAS ratings of 0–5 mm were very likely to 
be rated as no pain by patients, 6–44 mm were considered mild pain, 45–69 mm 
were considered moderate pain, and VAS ratings ≥70 mm were suggestive of 
severe pain.

Table 4. Blinded Evaluation of the Results According to Patient Satisfaction (sGAIS) at 30 and 90 Days After Neurotoxin 
Treatment

Grade

T1 (30 d), % T2 (90 d), %

Needle MJ Needle MJ

Very satisfactory 10 (71.4) 11 (78.6) 2 (22.2) 3 (33.3)
Satisfactory 3 (21.4) 3 (21.4) 6 (66.7) 5 (55.6)
Poorly satisfactory 1 (7.2) 0 (0) 1 (11.1) 1 (11.1)
Not at all satisfactory 0 (0) 0 (0) 0 (0) 0 (0)
Total 14 9
sGAIS, subjective Global Aesthetic Improvement Scale.

Table 5. Evaluation of the Aesthetic Results Assessed by a Blind Physician (External Evaluator)

Grade

T1 (30 d), % T2 (90 d), %

Needle MJ Needle MJ

Very satisfactory 6 (42.8) 8 (57.2) 1 (11.1) 2 (22.2)
Satisfactory 7 (50) 6 (42.8) 5 (55.6) 5 (55.6)
Poorly satisfactory 1 (7.2) 0 (0) 3 (33.3) 2 (22.2)
Not at all satisfactory 0 (0) 0 (0) 0 (0) 0 (0)
Total 14 9
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These reference points were used to outline the area 
of the CF (Fig. 1):

	 •	Excanthion (Exc);
	 •	Zygion (Zyg);
	 •	Eyebrow tail;
	 •	A point inferiorly, specular to Exc-Zyg, perpendicular 

to the line connecting those 2 points.

The software facilitates the alignment of preopera-
tive and postoperative images, enabling a comparison of 
various parameters. One such parameter is the maximum 
roughness Rz (also known as Rmax), which represents the 
difference between the highest and lowest values relative 
to the reference surface within the region delineated by 
the contour and quantifies the extent of surface irregu-
larities (or roughness) in the specified area.

For self-assessment, blinded patients completed ques-
tionnaires regarding treatment efficacy for each side at 
30 and 90 days posttreatment using the Global Aesthetic 
Improvement Scale, ranging from 0 (dissatisfied) to 4 
(very satisfied).

Additionally, immediately after the treatment, blinded 
patients were asked about their likelihood to repeat the 
procedure using a 4-level probability scale ranging from 0 
(not probable) to 4 (very probable), and to rate the pain/
discomfort experienced during the treatment on the right 
and left sides using the VAS, which rates pain from none 
to mild, moderate, and severe.

Objective clinical assessment was conducted by a der-
matologist, blinded to the study design and treatment, 
who compared photographs taken at 30 and 90 days post-
treatment separately on each side of the face. The eval-
uations were graded into quartiles as follows: grade 1 = 
minimal to no improvement (0%–25%); grade 2 = moder-
ate improvement (26%–50%); grade 3 = marked improve-
ment (515–75%); and grade 4 = near total improvement 
(75%–100%).

Statistical Analysis
The data were analyzed using a generalized linear 

mixed model with normal distribution of the residuals 
and identity as a link function. (See table, Supplemental 
Digital Content 1, which displays the statistical analysis 
data, http://links.lww.com/PRSGO/D906.) Rz was con-
sidered the dependent variable, needle was considered a 
fixed factor, and time after the intervention was consid-
ered a repeated measure; the fixed factor was nested in 
the patients. The type I autoregressive model was selected 
for the covariances, and the degrees of freedom were cal-
culated by the Kenward–Roger method.

RESULTS
The measurement of wrinkle depth, as indicated by the 

difference in Rz outcomes between the MJ600 and control 
needle observed at T1 and T2, revealed no statistically sig-
nificant difference. This suggests that the MJ600 injection 
performs similarly to a control needle in terms of wrinkle 
depth reduction (Fig. 2).

The evaluation of the aesthetic outcome of periocu-
lar wrinkles treatment with botulinum toxin injection, 
based on patient subjective satisfaction, was nearly iden-
tical for both devices (Table 4). This similarity in patient 
satisfaction suggests that the toxin is effective once 
injected, and both devices provide similar skin penetra-
tion capabilities.

The results from patient assessments immediately after 
the treatment regarding the likelihood to repeat the procedure 
(MJ600 acceptance versus normal needle acceptance) 
showed that 95% of patients expressed willingness to 
repeat the procedure with the MJ600 needle, compared 
with 85% of patients injected with the control needle. 
Only 1 (5%) patient indicated that further treatment 
was unlikely following MJ600 injection, whereas 3 (15%) 
patients stated that they were unlikely to repeat the treat-
ment after receiving the control needle. In both cases, 
the motivation was related to poor compliance with injec-
tion therapy, as reported by the abovementioned patients 
(Table 2).

Patient assessment regarding procedure pain/discomfort 
comparing the devices indicated that reported pain was 
absent to mild in 95% of patients injected with the MJ600 
needle, compared with 75% among patients injected with 
the control needle. Only 1 (5%) patient reported a mod-
erate inner pressure sensation after injection with the 
MJ600, whereas 5 (25%) patients reported moderate pain 
with a stinging sensation when injected with the control 
needle. (Table 3).

The external blind evaluation of aesthetic results regard-
ing the improvement of periocular wrinkles through botu-
linum toxin treatment indicated slightly better outcomes 
for the MJ600 device both at T1 and T2. After 30-day post-
treatment, the evaluation of “marked improvement” and 
“near total improvement” reached 100% and 92.8% for 
patients treated with the MJ600 needle and control nee-
dle, respectively. Moreover, the same trend was observed 
at 90 days posttreatment, where the aesthetic evaluation 
ranging from moderate to near total improvement was 
77.8% and 66.7% for patients injected with the MJ600 

Fig. 1. Reference points for skin microroughness analysis.

http://links.lww.com/PRSGO/D906
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and control needle, respectively. The data are presented 
in Table 5.

Treated patients did not experience injection-point 
ecchymosis and did not report muscle weakness or facial 
asymmetries with either needle.

DISCUSSION
The stratum corneum is a formidable barrier that 

imposes significant limitations on therapeutics. The 
microneedle device, a minimally invasive hybrid 
between a hypodermic needle and a transdermal patch, 
has been developed to breach this barrier and facili-
tate the effective transportation of molecules across the 
skin. Although the first patent for microneedles was 
granted in 1976, it was not until 1998 that they were 
utilized as a drug delivery technique,13,14 including in 
the aesthetic field.15–19

Among their clear investigated and proven advantages 
is the near-painless nature of their insertion and their 
minimal invasiveness, which potentially results in negligi-
ble penetration of microbial organisms through the skin. 
The most reported side effect experienced upon their use 
is transient, self-limiting erythema.20

The MJ600 is a microneedle-based device designed for 
intradermal delivery. It features 3 hollow micropyramids, 
each 600 μm long, with a specially designed inclined sur-
face, protruding from a plastic hub. These micropyramids 
can be attached to any conventional syringe. This innova-
tive design combines the mechanical robustness of a pyra-
mid with an extremely sharp tip, sharper than standard 
needles. Additionally, it integrates an offset channel or 
bore that does not open at the tip but rather at the inclined 
surface (Fig. 3).

This setup enables the mechanical disconnection of 
features that have historically limited needle sharpness, 
size/gauge, or durability, all without compromising other 
important features.21,22 It also prevents the potential for 
the needle bore opening to become clogged with tissue 
during microneedle skin insertion.

With a flow rate like that of a ~30–31G needle, despite 
having a diameter of less than 70 µm, the MJ600 received 
Food and Drug Administration clearance in 2010. Since 
then, it has been used for intradermal delivery to human 
subjects of various drug formulations, including vaccines 
(such as influenza, zoster, polio, and COVID-19), lido-
caine, and insulin. Furthermore, it has been used for aes-
thetic formulations such as mesotherapy (Fig. 4). Reports 
suggest that its application is effective, accurate, and 
nearly painless.23–27

BoNTA temporarily inhibits the release of the neu-
rotransmitter acetylcholine at the neuromuscular junction 
that leads to a temporary denervation and modulation of 
muscle activity.

Its potential dose- and site-related toxicity concerns 
necessitate its administration through multiple painful 
intramuscular or intradermal injections to achieve the 
desired clinical results. This approach helps to avoid tem-
porary disfigurement or functional impairment that may 
occur if the toxin inadvertently diffuses into adjacent 
muscles.5,28,29

Several attempts have been made to reduce patient 
discomfort.30–33 Indeed, pain related to conventional injec-
tion is a significant factor contributing to poor patient 
compliance with therapy. Thus, several studies have been 
conducted to determine the level of pain associated with 
microneedle insertion into the skin.34–36 The moderate 

Fig. 2. Difference in Rz (maximum roughness) outcomes between the MJ600 and control needle 
observed at T1 (30 days) and T2 (90 days). Maximum roughness Rz (also known as Rmax), represents 
the difference between the highest and lowest values relative to the reference surface within the region 
delineated by the contour and quantifies the extent of surface irregularities (or roughness).
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pain sensation previously reported following the insertion 
of a hollow microneedle device is likely attributable to the 
extrusion of the liquid solution, which causes tissue expan-
sion due to the excess volume, rather than the insertion 
of the microneedle itself.37 Indeed, in the present study, 
an injection volume of less than 0.1 mL per injection was 
used, and 95% of the study population reported only mild 
to moderate discomfort.

Since 2015, the injection of microdroplets of diluted 
BoNTA into the skin and the immediate subdermal plane 
has been conceived and carried out to reduce fine lines 
without compromising the action of mimic muscles.38–42

The periorbital region is particularly susceptible to 
aging among facial areas, often affected lateral canthal 
lines: the efficacy of BoNTA in alleviating them was ini-
tially firstly described in the late nineties,43 and since then, 
it has been extensively utilized in the cosmetic field to 
reduce wrinkles and rejuvenate the skin.44,45

The use of hollow microneedle devices for BoNTA 
injection has been advocated since the very first year 
of their development13 as a less invasive alternative.46 
Research trends also focus on rejuvenating the periocular 
area but primarily utilizing patches18,47,48 and novel botuli-
num toxin topical gels.49,50

As aging progresses, the skin texture is mainly charac-
terized by wrinkles, which develop gradually due to atro-
phy of the various skin layers and to dermal elastosis, as 
well as those related to facial expressions,51 evolving from 
fine lines to wrinkles. Indeed, this microrelief of the skin, 
barely visible to the naked eye, can only be effectively 
studied through highly resolving technologies such 2D 
imagery systems52,53 and 3D high-resolution devices with 
dedicated software. These tools enable a robust and pre-
cise characterization of the skin texture and can assess the 
efficacy of the injection of botulinum toxin.54

Measurements of facial signs, particularly with regard 
to the antiaging effects on wrinkles, are essential for both 
researchers and consumers, as they provide the most effec-
tive demonstration of the efficacy of proposed therapies, 
thereby supporting their claims. Furthermore, the quanti-
tative instrumental evaluation of intradermal botulinum 
toxin injections to reduce the signs of facial aging and 
enhance skin quality has been documented in the litera-
ture,12,55,56 especially in relation to CF.8,9

Fig. 3. MJ600 device.

Fig. 4. MicronJet 600 injection of 0.2 mL HA 5 mg/mL + 0.2 mL 
stain in eyelid skin, Ex vivo samples not obtained from patients 
included in the study population. Magnification 4 × 10; epithe-
lium thickness 100 µm.
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Hence, to assess the efficacy of intradermal botulinum 
toxin injection using the MJ600 microneedle, we opted 
for a quantitative analysis previously documented in the 
literature. This was coupled with a blind evaluation of 
the results by the authors and a self-assessment score con-
ducted by the patients themselves.

The recorded results confirm the efficacy of micronee-
dles for treating CF with intradermal botulinum toxin 
(Figs. 5–7), thereby providing an opportunity for painless 
injection, which is appreciated by both patients and 
clinicians.

The recorded advantages for clinicians using micronee-
dles include better control of injection depth, preventing 
the drug from being injected too deeply, especially in the 
periocular area where the muscle is located just beneath 
the skin. This also optimizes drug efficacy, as the injected 
dose is fully available at the injection site, ensuring maxi-
mum effectiveness. Additionally, microneedles provide 
safety for less experienced clinicians by helping to prevent 
incorrect, overly deep injections, particularly at the most 
caudal point, where a deep injection could allow the drug 
to diffuse into the underlying zygomatic muscles, poten-
tially altering facial expressions. For patients, the advan-
tages include greater tolerance of the therapy due to the 
absence of sharp pain during the injection and a reduced 

long-term risk, as microneedles decrease the likelihood of 
injection fatigue.

These findings are supported by the recorded safety 
profile with absence of any adverse events, such as muscle 
weakness or facial asymmetry related to incorrect injec-
tion depth or uncontrolled spread of the drug’s effect.

Further investigations in different facial areas could 
validate the presented findings, highlighting the use of 
microneedles as the gold standard for intradermal botu-
linum toxin therapy.

Indeed, this pilot study has some limitations, such as 
the relatively small number of subjects in the study popu-
lation and the drop-off rate at T2, which must be properly 
considered along with the follow-up duration that allows 
for the evaluation of a repeated injection regimen, hope-
fully in a larger sample size.

Another limitation of this pilot study is the learning 
curve of the injector with the microneedle device.38,39 
However, in a recent postmarketing survey, The 
MicronJet600 was reported to be “used well” by users after 
1–2 injections in the majority (80%) of users, and 95% 
were satisfied with the device (Nanopass Survey, 2022).

Another limitation is the flow resistance caused by 
dense dermal tissue compressed around the microneedle 
tip during insertion. Indeed, the periocular skin, along 
with the eyelid, comprises the thinnest skin area of the 
face. The study has not investigated other frequently 
treated areas like the glabella or the forehead, which typi-
cally have thicker skin.57

Finally, the statistical validation was performed solely 
on the analytical, objective data available through the 
software analysis system. Conducting statistical valida-
tion on patient-reported data seemed of limited inter-
est, especially given the small sample size and beyond 
the percentages already presented in Table 4. A small 
tendency toward postoperative pain reduction and 
higher classes of satisfaction seems to emerge in patients 
treated with the device. However, a formal statistical 
analysis of these outcomes of the experiment could 
not be performed because of the limited sampling size. 
Therefore, these findings need to be confirmed and vali-
dated in further study aimed at improving the number 
of patients included.

Fig. 5. Photographic assessment and Rz colorimetric scale at T0.

Fig. 6. Photographic assessment and Rz colorimetric scale at T1 
(30 days).

Fig. 7. Photographic assessment and Rz colorimetric scale at T2 
(90 days).
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CONCLUSIONS
The presented results demonstrate, both clinically and 

instrumentally, that the MJ600 can be effectively used to 
treat CF through BoNTA injection, with optimized depth 
and improved patient comfort.

To further validate the findings of this pilot investiga-
tion, larger study populations and randomized double-
blind studies conducted in other facial areas would be 
necessary.
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