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ABSTRACT

Background: Botulinum toxin is commonly used for cosmetic enhancements in various applica-
tions. However, the pain experienced during the injection process remains a significant concern.
Objective: This study aimed to evaluate the effectiveness and safety of a needle-free microjet 
drug injector, powered by an Er:YAG laser, for the injection of botulinum toxin to treat crow’s 
feet wrinkles.
Methods: Botulinum toxin injections were randomly administered using a microjet injector 
on one side and a conventional needle injection on the other. The results were evaluated by 
two dermatologists, who were blinded to the treatment method. They used a 5-point scale to 
assess the severity of both static and dynamic crow’s feet before and after the treatment. The 
participants’ pain levels during the procedure were measured using a visual analog scale, and 
the physician/subject global aesthetic improvement scale (GAIS) was used to assess overall 
aesthetic improvement.
Results: Ten Korean women (mean age, 50.7) participated in the study. Both sides exhibited 
significant improvement in crow’s feet wrinkles compared to the baseline, with no noticeable 
differences between the two sides. The microjet injector side showed a significantly lower mean 
pain score, while there was no difference between the sides in terms of P/SGAIS scores. The 
evaluation of the wrinkle scale demonstrated high reliability.
Conclusion: The needle-free microjet drug injector, which utilizes an Er:YAG laser, may be a use-
ful option for treating crow’s feet wrinkles with botulinum toxin due to its ability to reduce pain.
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INTRODUCTION

Botulinum toxin is used for various cosmetic purposes, includ-
ing treating crow’s feet and forehead wrinkles, reducing masseter 
and calf mass, addressing facial erythema, and achieving overall 
facial rejuvenation1-4. Although botulinum toxin is recognized for 
its ability to reduce pain through nociceptive pathways, it does 
not mitigate the pain experienced during the injection process. 

Consequently, this often leads to discomfort and anxiety among 
patients undergoing the treatment5. While methods like anesthetic 
creams, vibrators, and similar approaches have been employed to 
alleviate pain, many patients continue to report discomfort during 
the injections6,7. While topical products containing lidocaine are 
crucial for minimizing procedural pain, their application can be 
time-consuming and may occasionally result in complications, 
such as contact dermatitis8. General anesthesia is an alternative, 
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but its use is limited due to potential systemic side effects9. This 
study aimed to evaluate the effectiveness and safety of a novel 
needle-free microjet drug injector powered by an Er:YAG laser, 
specifically designed for administering botulinum toxin injections 
to improve crow’s feet wrinkles.

MATERIALS AND METHODS

Participants
We recruited 10 healthy participants, aged 18 to 65 years, exhibit-
ing symmetrical crow’s feet wrinkles with scores ranging from 1 to 
4 on the 5-point scale at both static and dynamic facial expressions 
(0, no wrinkles; 1, mild; 2, moderate; 3, severe; 4, very severe)10,11. 
We excluded individuals 1) who had undergone cosmetic facial 
treatments, including topicals, oral medications, lasers, and peels, 
within the past 2 months; 2) those who had received botulinum 
toxin treatment in the periorbital region within the last 6 months; 
3) those with dermatitis or infectious skin diseases in the peri-
orbital region; 4) who were pregnant or lactating; and 5) those 
deemed unfit for the study by the investigator. All participants 
voluntarily agreed to participate in the study, provided written 
informed consent, and had the freedom to withdraw at any time 
and for any reason.

Treatment protocols
Participants were administered 3 to 7 units of prabotulinum toxin 
A (NABOTA®; Daewoong Pharmaceutical Co. Ltd., Seoul, Korea) 
bilaterally, depending on the severity of wrinkles. Different injection 
techniques were used randomly on each side of face with an online 
random sequence generator. Prabotulinum toxin A was prepared at 
a concentration of 20 units per ml by diluting 50 units with 2.5 ml 
of saline. On one side, intradermal botulinum toxin injections were 
given to target the crow’s feet (1.5 cm lateral to the outer canthus 
with a range of 1 cm up and down). The injections were performed 
using a needle-free microjet drug injector powered by the Er:YAG 
laser (Mirajet, JSK Biomed Inc, Daejeon, Korea). The laser was set to 
a 4-mm spot size, 40-µs pulse width, 10-Hz frequency, and fluence 
between 1.3 and 1.6 J/cm2 for a single pass. On the opposite side, 1 
to 2 units were injected intradermally at three specific points (1.5 cm 
lateral to the outer canthus and 1 cm points both up and down)1. To 
minimize discomfort, a topical anesthetic cream containing 2.5% 
lidocaine and 2.5% prilocaine was applied to the treatment areas 
30 minutes before the procedure.

Assessment
Photographs capturing crow’s feet wrinkles during both static 
and dynamic facial expressions were taken using a digital cam-
era at baseline and 2–4 weeks after treatment. Blinded two 

dermatologists, who were unaware of the treatment details, exam-
ined the pre-treatment and post-treatment photos and rated them 
on the 5-point scale10. The differences in glossiness and pore size 
between the two treatment sides were measured using Mark-Vu® 
(PSI PLUS, Suwon, Korea). Additionally, participants rated their 
pain levels using a visual analog scale (VAS; 0, no pain; 10, intol-
erable pain) after treatment and during follow-up. They also 
evaluated the overall aesthetic improvement using the Physician/
Subject Global Aesthetic Improvement Scale (PGAIS and SGAIS; 
1, much worse; 2, worse; 3, no change; 4, improved; 5, much 
improved). For safety, all adverse events including pain, bruising, 
bleeding, paresthesia, and muscle weakness were investigated.

Statistical analysis
Statistical analyses were performed using SPSS Statistics for Win-
dows, version 26.0 (IBM Corp., Armonk, NY, USA). The 5-point 
scale ratings for crow’s feet wrinkles, mean PGAIS, pain VAS, and 
SGAIS were analyzed using paired t-tests. Inter-rater reliability for 
the 5-point scale was assessed using intraclass correlation coef-
ficients (ICC). The data were presented as the mean ± standard 
deviation. Differences with p-values below 0.05 were considered 
statistically significant.

Ethics statement
The study was conducted from December 2022 to November 
2023 and adhered to the guidelines set forth in the Declaration 
of Helsinki. This study’s protocol was approved by the Institu-
tional Review Board (IRB) of Chung-Ang University Hospital 
(IRB Approval No. 2209-023-524). All participants signed a photo 
release consent form authorizing the reproduction and distribu-
tion of any images collected during the study.

RESULTS

In the study, 10 Korean women successfully completed the entire 
protocol without any withdrawals. The participants, who had a 
mean age of 50.7±7.8 years (range, 38–59), exhibited no facial 
asymmetry and reported no significant medical histories.

There was a significant improvement in the crow’s feet wrin-
kle scale in relation to both static and dynamic facial expressions 
when comparing both treatment methods to the baseline. How-
ever, no statistically significant difference was observed between 
the two sides (Fig. 1, Table 1). The ICC for the crow’s feet wrinkle 
scale, as evaluated by the two dermatologists for both static and 
dynamic facial expressions, exceeded 0.8 (Table 1). Additionally, 
no discernible variations were identified in pore size and glossi-
ness between the two sides.

The mean pain VAS was significantly lower for the side that 
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received treatment with the needle-free microjet injector. Further-
more, there was no significant difference in the mean PGAIS and 
SGAIS scores during the follow-up between the two sides (Fig. 2, 
Table 2). All participants reported experiencing mild to moderate 

pain during the procedure, but no other discomfort, such as mus-
cle weakness, was reported.

Representative photographs of participants are provided in 
Fig. 3.
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Fig. 1. Assessment of the 5-point scale for crow’s feet associated with static and dynamic facial expressions. Two dermatologists, who were blinded to the study, 
conducted the evaluation. Panels (A-D) illustrate the evaluation process. 
**p<0.01; ***p<0.001; ****p<0.0001, as determined using a paired t-test.

Table 1. Assessment of alterations in the mean 5-point scale scores for crow’s feet, comparing static and dynamic facial expressions before and after treatment (n=10)
Variables Evaluator 1 Evaluator 2 ICC

Needle Microjet p-value Needle Microjet p-value
Static 0.88

Before 1.60±0.52 1.80±0.63 0.1679 2.10±0.57 2.00±0.47 0.3434
After 1.00±0.67 1.10±0.57 0.5911 1.10±0.74 1.30±0.67 0.4433
p-value 0.0051 0.0095 0.0011 0.0013

Dynamic 0.83
Before 2.50±0.85 2.50±0.71 >0.9999 2.60±0.84 2.50±0.71 0.3434
After 1.70±0.95 1.50±0.71 0.3434 1.70±0.95 1.50±0.71 0.3434
p-value 0.0002 <0.0001 0.0007 <0.0001

Values are presented as mean ± standard deviation.
This evaluation was conducted by two dermatologists, who were blinded to the treatment.
ICC: intraclass correlation coefficients.
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Fig. 2. Evaluations of (A) the pain VAS during treatment, (B) the SGAIS, and (C) the PGAIS at follow-up. 
VAS: visual analog scale, S/PGAIS: subject/physician global aesthetic improvement scale, n.s.: not significant. 
***p<0.001; paired t-test.

Table 2. Evaluations capturing (A) the mean pain VAS scores during the 
procedure, as well as (B) the PGAIS, and (C) SGAIS ratings obtained during 
the subsequent follow-up (n=10)
Variables Needle Microjet p-value
Pain VAS 5.60±2.01 2.00±1.05 0.0001
PGAIS 3.70±0.67 4.0±0.47 0.1934
SGAIS 3.80±13.2 4.20±1.23 0.2229
Values are presented as mean ± standard deviation.
VAS: visual analog scale, P/SGAIS: physician/subject global aesthetic 
improvement scale.
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Fig. 3. Clinical photographs of two representative cases, illustrating the improvements in crow’s feet wrinkles. (A, E) Static and (B, F) dynamic wrinkles before 
the treatment. (C, G) Static and (D, H) dynamic wrinkles after the treatment.



DISCUSSION

Botulinum toxin is administered at various skin depths depending 
on the indication1. For the treatment of crow’s feet, intradermal 
injections are more effective for static wrinkles, whereas intra-
muscular injections are preferred for dynamic wrinkles12. The use 
of intradermal injection of botulinum toxin is becoming increas-
ingly popular because it has been shown to result in a statistically 
significant improvement of wrinkles and a high level of patient sat-
isfaction13. However, individuals receiving intradermal injections 
may experience more pain compared to those receiving intramus-
cular injections14. While nanomicroneedles have been explored to 
minimize pain and deliver botulinum toxin to the dermis, they are 
reportedly less effective than conventional needle injections. This 
difference is presumably due to a reduced absorption rate when 
botulinum toxin is applied topically, despite the notable advan-
tage in pain alleviation12. Although drug loss was not accurately 
measured, at least in this study, where small amounts of botuli-
num toxin were injected locally, no difference was felt compared 
to injection procedures.

Needleless jet injectors were designed to ensure adequate drug 
delivery to the dermis while minimizing needle-induced pain. 
Conventional macrojet injectors do not offer much pain relief and 
have inconsistent injection depths15. The needle-free microjet drug 
injector, which utilizes the Er:YAG laser, consistently delivers the 
drug to the dermis. It functions by irradiating the Er:YAG beam, 
subsequently forming a vapor bubble. The microjet drug injector 
with laser does not overheat the drug and does not cause degrada-
tion15. Given its potential to produce uniform results and reduce 
pain, the microjet holds promise for future scar treatments and 
skin rejuvenation applications16.

Our study revealed that microjet injections of botulinum toxin 
are equally effective in ameliorating crow’s feet wrinkles compared 
to traditional needle injections. However, the microjet technique 
had the added advantage of significantly reducing pain. This is 
presumed to be due to the consistent injection depth and less 
tissue damage of the microjet technique15,17. This pain mitigation 
can also be applied to other treatments, including the use of skin 
boosters such as hyaluronic acid, poly-l-lactic acid, poly-d-lactic 
acid, growth factors, and exosomes18,19. Considering that needle 
phobia affects 3.5%–20% of the general population, transdermal 
drug delivery using needle-free microjet technology may also offer 
psychological benefits and improve future dermal injection tech-
niques20. However, it is not such a convenient to form a jet for 
injection, which requires a learning curve. It would be more useful 
if it could be made mechanically easier.

Some limitations of our study include the lack of double-blinding 
due to distinct methods, a small sample size, female-only partici-
pants, and a short follow-up duration, which prevent effective period 

comparisons. Since microjet injection is a method of intradermal 
injection technique, the duration of effect is probably shorter than 
intramuscular injection based on previous research21. The study was 
also confined to specific indications. However, the wrinkle scale 
was assessed by two blinded raters, resulting in a good ICC (0.88 
and 0.83), indicating its validity19. Future research should incorpo-
rate larger sample sizes, extended follow-up durations, and various 
indications, such as intradermal procedures for treating forehead 
wrinkles, oily skin, and facial erythema.

In conclusion, microjet method may be a more favorable 
option for treating crow's feet wrinkles with botulinum toxin due 
to its ability to reduce pain.
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