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Scientific Rationale for Micro-Focused Ultrasound in Scalp
Hair Regeneration

Why controlled, depth-specific ultrasound energy is a logical approach to follicular revitalization

1. Purpose

This document summarizes the biological reasoning that supports the use of micro-focused ultrasound
(MFU) as a non-invasive, drug-free stimulus for scalp hair regeneration. It describes the problem being
addressed, the physical action of MFU, the mechanisms by which that action could favor follicular
recovery, and the current limits of the evidence.

2. The Biological Problem

In androgenetic alopecia and related forms of thinning, follicles are rarely lost outright in the early and
middle stages. Instead, they miniaturize: the anagen (growth) phase shortens, the dermal papilla
shrinks, and terminal hairs are progressively replaced by fine, short hairs. Several local factors
contribute to this process:

• Androgen-driven signaling (DHT) that shortens the growth cycle in genetically susceptible follicles.

• Reduced perifollicular blood supply, limiting oxygen and nutrient delivery to the follicle.

• Low-grade perifollicular inflammation and fibrosis that stiffen and compromise the follicular
environment (“niche”).

• A weakened regenerative signal that delays or prevents the re-entry of resting follicles into anagen.

Because many miniaturized follicles remain viable, a therapy that improves the follicular environment
and reactivates growth signaling has a sound biological target.

3. What Micro-Focused Ultrasound Does

MFU uses a transducer to converge ultrasound energy at a precise depth beneath the skin. At the focal
point, tissue is rapidly heated to approximately 60–70 °C, producing small, discrete thermal
coagulation points (TCPs), while the epidermis and the tissue between the points remain intact.
Different transducers place these points at different, predefined depths (for example 1.5 mm, 3.0 mm,
and 4.5 mm). In practical terms, MFU delivers a controlled, measurable micro-injury at a chosen
depth without breaking the skin surface.

4. Why This Makes Sense for Hair Regeneration

4.1 Controlled micro-injury activates regenerative signaling

Wound healing and hair follicle biology are closely linked. In experimental models, wounding has been
shown to activate Wnt-dependent signaling and even induce new follicle formation (Ito et al., 2007).
Clinically, microneedling, which also relies on controlled micro-injury, has improved hair counts in
androgenetic alopecia when combined with standard therapy (Dhurat et al., 2013). MFU applies the
same principle, a deliberate and limited injury that triggers repair, but delivers it beneath an intact skin
surface and at precisely selected depths.



PROGEN™ Scalp Revive LLC — Scientific Rationale Page 2

4.2 Release of growth factors and new blood vessel formation

The repair cascade that follows each TCP involves platelet activation, cytokine release, and growth
factors such as VEGF, PDGF, and FGF. These mediators promote angiogenesis and are themselves
associated with anagen support and follicle enlargement. Improved perifollicular perfusion directly
addresses one of the deficits seen in thinning scalps.

4.3 Dermal remodeling of the follicular environment

MFU is well documented to induce collagen denaturation followed by remodeling and neocollagenesis
in skin and the underlying connective layers (White et al., 2007; Laubach et al., 2008). In the scalp,
remodeling of the perifollicular dermis may help counteract the fibrotic, stiffened environment that
accompanies miniaturization, creating a more favorable niche for follicles to recover.

4.4 Depth matches scalp anatomy

Hair follicles span several anatomical levels: the stem-cell-rich bulge region lies in the upper dermis,
while the bulbs and dermal papillae of terminal anagen follicles sit in the deep dermis and upper
subcutaneous fat, typically several millimeters below the surface. Multi-depth MFU allows energy to
be layered across these levels, so the regenerative stimulus reaches the structures that govern the hair
cycle rather than only the superficial skin. Exact depths vary by individual and scalp region.

4.5 Thermal stimulation of surrounding tissue (hypothesized)

The tissue immediately surrounding each coagulation point experiences sub-lethal heating. Mild
hyperthermia is known to upregulate heat shock proteins and cellular stress-response pathways that
support cell survival and repair. Whether this contributes meaningfully to follicular recovery is a
reasonable hypothesis that still requires direct study.

4.6 Practical advantages of a non-invasive approach

• The epidermis remains intact: no open channels, low infection risk, and minimal downtime.

• No medication is required, which is relevant for patients who cannot tolerate or prefer to avoid
pharmacological treatments.

• Applicable to men and women and potentially compatible with other therapies.

• Energy, depth, and number of points are quantifiable, which supports standardized, reproducible
protocols.

5. The Role of Motion-Based Delivery

Conventional MFU delivers energy in fixed, stationary lines. Delivering energy while the transducer is
in controlled motion distributes thermal points more evenly over the larger, curved surface of the scalp,
avoids excessive concentration of heat in a single area, and may improve patient comfort and tolerance.
The goal is uniform stimulation of the follicle-bearing area rather than localized tightening, which is the
typical aim of facial MFU.

6. Current Evidence and Limitations

The rationale above draws on established MFU skin physiology, wound-healing biology, and
microneedling outcomes in hair loss. Direct clinical evidence for MFU in scalp hair regeneration is still
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early-stage. Some mechanisms, particularly the thermal stress pathway, are extrapolated rather than
directly demonstrated in the scalp. Prospective clinical studies with standardized photography and
objective hair-density measurement are needed to confirm efficacy, define optimal parameters (depths,
energy, number and spacing of sessions), and identify which patients respond best. Ongoing
IRB-approved research is designed to address these questions.

7. Summary

Micro-focused ultrasound makes biological sense for hair regeneration because it combines, in a single
non-invasive procedure, three stimuli that act on the known causes of follicular decline: a controlled
regenerative micro-injury, growth-factor-driven angiogenesis, and remodeling of the perifollicular
dermis, all delivered at depths that correspond to follicular anatomy. These features make MFU a
well-founded candidate therapy that warrants continued clinical investigation.
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