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ABSTRACT

Androgenetic alopecia (AGA) is the most common cause of hair loss, and while topical minoxidil and oral 5-a-reductase inhib-
itors remain first-line therapies, clinical results are often limited by transepidermal absorption, suboptimal follicular delivery and
patient compliance. Tattoo machine-assisted drug delivery, also known as Microinfusion of Medicaments into the Skin (MMP?),
is emerging as a useful technique that combines controlled scalp microneedling with direct intradermal deposition of therapeutic
agents.

gThis article describes a combined regenerative technique (CRT) that integrates tattoo machine-assisted infusion of minoxidil

sulfate, dutasteride, copper peptides, and platelet-rich plasma with concurrent oral minoxidil and topical finasteride. The biologic
rationale, equipment, clinical protocol, and practical considerations are reviewed.

Early clinical experience suggests that this multimodal approach may enhance hair density and shaft thickness while maintaining
a favorable safety profile. Tattoo machine—assisted drug delivery represents a promising adjunctive strategy for clinicians seeking to
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optimize medical management of AGA, though larger controlled studies are needed to further define its role.

INTRODUCTION

Androgenetic alopecia (AGA) remains the most common
cause of hair loss worldwide, with millions of men and
women affected by its progressive course.!” For decades,
topical minoxidil and oral 5-a-reductase inhibitors have
been the therapeutic backbone.** While effective in some
patients, results are often incomplete and adherence can be
a challenge.®” This limitation has inspired the development of
novel methods of drug delivery to the hair follicle. One such
method is tattoo-machine assisted drug delivery, also called
Microinfusion of Medicaments into the Skin (MMP®).%!® The
technique employs a professional tattoo device to generate
dense arrays of microchannels in the scalp while simulta-
neously infusing a compounded solution of active medica-
tions. This article aims to present the rationale, the technical
considerations, and the clinical outcomes associated with
this emerging approach, providing a practical reference for
clinicians interested in adopting it in their practice.

In this retrospective study, we evaluated the efficacy of a
novel combined regenerative technique (CRT) that integrates
transdermal drug infusion through scalp tattooing of minox-
idil sulfate, dutasteride, copper peptides, and platelet-rich
plasma (PRP), in combination with oral minoxidil (2.5mg
for men, 0.5mg for women) and 1% topical finasteride. The
protocol was applied to five patients (four males and one
female) diagnosed with AGA.

MECHANISM OF ACTION

The therapeutic benefit of tattoo machine-assisted delivery
derives from a two-fold mechanism. First, the act of controlled
microneedling initiates a cascade of biologic responses
that stimulate follicular activity. Each needle puncture
produces a micro-injury, which prompts a controlled wound
healing process with release of platelet-derived growth
factor, vascular endothelial growth factor, fibroblast growth
factor, and epidermal growth factor. These mediators drive
neovascularization and improve local nutrient delivery to
follicles. The trauma also awakens multipotent stem cells in
the bulge region and upregulates key Wnt proteins, including
Whnt3a and Wnt10b, which are essential for transition into the
anagen growth phase.
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The second mechanism is the
enhancement of drug delivery
itseli. Whereas topical therapies
are limited by the barrier func-
tion of the stratum corneum,
the tattoo needles breach this
barrier and deposit medications
precisely into the dermis at the
level of the follicular papilla.
Because the cartridge reservoir
infuses the solution with each
oscillation, the process ensures
uniform distribution and avoids
the peaks and troughs of passive
topical absorption. The end
result is a consistent, low but
effective concentration of active
drug directly in contact with its
intended target (Figure 1).

FIGURE 1. Schematic illustration of
microchanne! formation and drug
deposition around the dermal papilla.

EQUIPMENT AND THERAPEUTICS
The procedure depends on spe-
cialized equipment, though most
devices are readily available in clinical
practice. A professional rotary tattoo
machine provides the precision and
control needed. These machines typ-
ically run at frequencies between 66
and 199Hz, with the scalp protocols
favoring around 70Hz. Needle depth
is adjusted to 2.0mm, which corre-
sponds to the reticular dermis where
follicles reside. Disposable cartridges,
most commonly with 27 fine needles
arranged in rows, incorporate small
reservoirs that can hold and gradu-
ally release the therapeutic solution.
Importantly, a safety membrane in
these cartridges prevents backflow
and contamination. (See Figure 2.)
The infusion solution itself is com-

FIGURE 2. Sterile setup includ-
ing cartridges, solution vials,

and device assembly.
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pounded in a sterile environment and may vary depending
on patient needs. A commonly used formula includes 0.5%
minoxidil sulfate, 0.05-0.1% dutasteride, and 1.2% copper
peptides, and autologous PRP is incorporated to supply
additional growth factors. All compounding should be per-
formed by a qualified pharmacy under sterile conditions to
minimize the risk of contamination

CLINICAL TECHNIQUE

Patient comfort and sterility are central to the technique.
After a thorough cleansing of the scalp with alcoholic
chlorhexidine, anesthesia is provided. A circumierential ring
block using 2% lidocaine is typically sufficient, and some
operators employ a vibration device to distract from dis-
comfort. The tattoo machine is then assembled with a new
sterile cartridge, adjusted to a depth of 2.0mm, and filled
with the prepared solution.
The scalp is often divided

FIGURE 3. Intra-procedure image
demonstrating cartridge placement
at 90 degrees and visible pinpoint
bleeding

into small zones to ensure even
coverage. The handpiece is held
perpendicular to the scalp, and
passes are performed along the
hair combing direction to avoid
hair shaft damage. It is import-
ant to lift the device periodi-
cally, allowing the reservoir to
refill and ensuring consistent
infusion. The endpoint of the
procedure is faint pinpoint
bleeding, or “blood dew,”
which signifies that the target
dermal depth has been reached.
On average, 6-8mL of solution
is distributed over 80-100cm?
per session. (See Figure 3.)
Following treatment, patients
are advised that mild redness and desquamation are normal

for 2-4 days. Gentle cleansing may begin after 12 hours, but
strenuous exercise, heat exposure, and swimming should
be avoided for 24 hours. Topical minoxidil and finasteride
are usually resumed at 24 hours after the procedure, and
oral minoxidil may be continued without interruption if
prescribed. Figure 4 shows patient before-and-after photos
taken at 6 months post-procedure.

EVIDENCE AND OUTCOMES

Several small but encouraging studies support the use of
tattoo machine-assisted delivery. A cohort of 15 men who
underwent three monthly sessions of minoxidil-dutasteride
tattooing achieved L'Iinit'ally m(_‘.mingful mgmw!h, with over
half of patients demonstrating more than a 10% increase
in top scalp area regrowth.” An enhanced protocol adding
copper peptides and extending to five sessions improved
results further, with a median regrowth of 26.5% and the
majority surpassing the 10% threshold '° More recently,
the CRT that integrated tattoo-device assisted infusion of
minoxidil sulfate, dutasteride, copper peptides, and PRP
alongside oral minoxidil and topical finasteride, produced
striking improvements in both density and thickness." In
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FIGURE 4. The five patients’ clinical and trichoscopy before-and-after photographs
al six months
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4 men and 1 woman, Al-assisted trichoscopy measured
increases exceeding 46% in density and 62% in shaft
thickness across all scalp regions. Paired t-tests analysis
revealed significant improvement across all scalp regions

in both density and thickness after treatment (p < 0.001)
(Table 1). In the frontal region median increases were 74%
in density (IQR: 40.5%-135.5%) and 83% in thickness (IQR:
53.5%-169%). The mid-scalp showed median gains of 74%
in density (IQR: 33.5%-115%) and 72% in thickness (IQR:
35%-144.5%). At the vertex, median improvements were 67
% in density (IQR: 44%-290%) and 68% in thickness (IQR:
48.5%-403%).

The safety profile across published studies is favorable.
Mild erythema, discomfort, and flaking are expected and
transient. No infections, scarring, or worsening alopecia
have been reported. Systemic absorption appears limited,
though a small but statistically significant drop in diastolic
blood pressure has been observed in some patients, war-
ranting caution in those with cardiovascular comorbidities.
Contraindications mirror those of the individual drugs used,
such as pregnancy in the case of dutasteride, as well as
general exclusions such as active infection or uncontrolled
bleeding disorders.

TABLE 1. Individual Patient Response to Combined Regenerative Technique
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CURRENT STUDY

For this previously unpublished analysis, we retrospec-
tively evaluated 10 consecutive patients—5 treated with
the CRT and 5 receiving oral minoxidil alone—who had
comparable treatment intervals between initiation of therapy
and final follow-up, ranging from four to six months. The
CRT group served as the intervention cohort, while the oral
minoxidil-only group functioned as the control arm. This
design allowed us to directly compare quantitative tricho-
metric changes between groups over a similar treatment
duration, thereby minimizing temporal confounding and
enabling a focused assessment of the added benefit of CRT
beyond standard medical therapy.

Quantitative analysis demonstrated consistent and robust
improvements across all scalp regions following treatment.
Paired baseline-to-follow-up comparisons showed statistically
significant increases in nearly every measured trichometric
parameter, including hair density, terminal width sum, and
average hair shaft diameter. In the frontal region, hair density
increased by an average of 53.6 units (p = 0.0039), terminal
width sum rose by 4,177um (p = 0.000295), and shaft
thickness increased by 13 .4pm (p = 0.000116), while the
increase in follicular unit counts did not reach significance.
Similar improvements were ohserved in the mid-scalp, where
density increased by 45.1 units (p = 0.00185), terminal width
sum by 2,532pm (p = 0.0298), and shaft diameter by 8.9pm
(p = 0.0056). Follicular units increased by 9.6 (p = 0.0313),

though the Wilcoxon test approached but did not meet
significance. Verlex measurements followed the same pattern,
with density rising by 28.8 units (p = 0.0093), terminal

width sum increasing by 2,593pm (p = 0.000723), and shaft
diameter improving by 8.5pm (p = 0.00116), while follicular
unit changes were not statistically significant. Overall, 11 of
the 12 quantitative measures demonstrated significant within-
patient improvement, underscoring the consistency of the
effect across regions.

Between-group comparisons further revealed that patients
in the combined regenerative intervention arm experienced
markedly greater percent-change improvements than con-
trols. Significant differences favoring the intervention were
observed for frontal density, frontal terminal width sum,
mid-scalp density, mid-scalp hair shaft diameter, vertex den-
sity, and vertex terminal width sum, with p-values ranging
from 0.00126 1o 0.0454. These findings confirmed not only
within-patient improvement but also a clear superiority of
the intervention relative to standard treatment.

Baseline-adjusted ANCOVA models demonstrated that
the intervention retained an independent positive effect,
particularly in the vertex region where the adjusted increase
in hair density remained significant (B = 42.6, p = 0.022).
Mid-scalp density also showed a strong trend toward

significance after adjustment (p = 38.7,
p = 0.0585). While other parameters
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quantitative findings complement the
clinical and photographic improvements
described previously and provide rigorous evidence
supporting the efficacy of the CRT.

PRACTICAL PEARLS

Experience with this technique has yielded several prac-
tical insights. Uniformity is key: cross-hatching prevents
uneven dosing and avoids areas of under-treatment. The
desired endpoint is “blood dew,” not active bleeding, which
signals excessive depth. Precise photography with standard-
ized lighting and parting allows objective tracking of prog-
ress, especially when paired with trichoscopy or Al-based
assessment. Clinicians should also consider recording base-
line and post-session blood pressure when patients are tak-
ing oral minoxidil. Finally, while early results are promising,
the field would benefit greatly from larger controlled studies
that clarify the contribution of each solution component and
the durability of outcomes.
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