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The scope and field of cosmetic surgery have changed and grown over the past 
decade. We have a myriad of new and exciting noninvasive or minimally invasive 
techniques and treatments that have helped propel this growth. With injectables, 
energy‐based devices, and skincare, we now have the tools at our disposal to 
reverse signs of aging and to successfully treat cosmetic concerns with minimal 
downtime and with outstanding clinical results.

Several years ago, we began discussing the idea of producing a series of cosmetic 
dermatology textbooks edited by masters in their fields and written by some of the 
best minds in our discipline. While it is not always easy to get these kinds of pro-
jects off the ground, we are pleased that with persistence and great guidance from 
the Wiley teams, we are now able to present an entire series on the various aspects 
of cosmetic dermatology.

Through this textbook series on cosmetic and aesthetic dermatology, clinicians 
will have the tools available to help treat patients with the most advanced tech-
niques and with the most appropriate guidance that has been presented to date. 
Each volume in this series has been meticulously thought out; each is edited by 
one of the most significant thought leaders in our field, and each chapter will bring 
to life this incredible field we live in, and illuminate how we are able to transform 
lives and make our patients better.

We hope you enjoy this series of books as they are rolled out. It is our joy and 
pleasure to bring them to you.

Michael H. Gold, MD
Series Editor

Cosmetic and Aesthetic 
Procedures in Dermatology 
Series
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Preface

The skin is our canvas. As a board certified dermatologist, it is my mission to help 
all my patients achieve healthy, beautiful skin. Through education, teaching, and 
research this is possible. This textbook is a continuation of this mission, inspired 
by the drive to create the best possible outcomes for my patients, and the love of 
being a physician and educator.

Over the last several years, minimally invasive procedures have significantly 
increased in the worlds of dermatology, plastic surgery, and aesthetic medicine. 
This textbook is a global consortium of the leaders in these fields and experts on 
microneedling.

Microneedling is an outstanding option for patients of all skin types and eth-
nicities who desire measurable clinical results from treatments with little to no 
downtime. It is a relatively new option in dermatology and has been utilized for a 
broad range of applications, including skin rejuvenation, acne scarring, rhytides, 
surgical scars, dyschromia, melasma, enlarged pores, and transdermal drug 
delivery.

Microneedling is a safe, minimally invasive, and effective aesthetic treatment for 
several different dermatologic conditions. Given its expedient post‐treatment 
recovery, minimal side effect profile, and significant clinical results, micronee-
dling is a valuable alternative to more invasive procedures. The chapters of this 
book discuss the various applications in detail.

I want to thank my family and mentors for their support always. I also want to 
give a special thank‐you to Dr. Michael Gold. He is an innovator in our field and I 
am happy to call him my dear friend, mentor, and colleague.

Elizabeth Bahar Houshmand, M.D.
Diplomat American Board of Dermatology

Diplomat American Board of Internal Medicine
Fellow American Society of Laser Medicine

Instagram: @HoushmandMD
Website: Houshmanddermatology.com
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Introduction

Microneedling is a minimally invasive procedure that uses fine needles to puncture 
the epidermis. The microwounds created stimulate the release of growth factors 
and induce collagen production. The epidermis remains relatively intact during 
the procedure.

Microneedling initially was utilized as a collagen induction therapy for facial 
scars and skin rejuvenation, but it is now widely used for multiple indications, 
including transdermal delivery system for therapeutic drugs and in combination 
therapies. The indications for microneedling have grown as research and clinical 
applications have expanded widely in dermatology and dermatologic surgery.

In this textbook, the authors highlight the constantly evolving research and 
developments in microneedling techniques and instruments, along with micronee-
dling’s applications in dermatology and aesthetic medicine. We are honored to 
provide a comprehensive and global perspective from key opinion leaders in 
dermatology and plastic surgery from around the world.

History

Microneedling, or percutaneous collagen induction therapy, was introduced in the 
1990s for the treatment of scars, striae, and laxity [1]. The use of needles for non-
ablative skin treatment was first described by Orentreich and Orentreich in 1995 
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as subcision surgery, which is the release of depressed scars and wrinkles with a 
needle from their attachment to the underlying skin. This controlled trauma leads 
to the formation of connective tissue to fill the created gap.

In 1996, skin needling using a roller device was introduced by Fernandes at the 
International Society of Aesthetic Plastic Surgery (ISAPS) congress in Taipei [2]. In 
1997, Camirand and Doucet introduced dry tattooing without pigment as needle 
dermabrasion and proposed it as a technique to improve the appearance of scars [3].

Fernandes, in 2001, developed the original percutaneous collage induction 
dermaroller with needles. His pilot roller device was a drum‐shaped tool, with a 
cylinder and 3 mm needles that reach the fibroblasts deep in the reticular layer 
(see Figure 1.1).

Zeitter et al. confirmed Fernandes’s findings and made a modified roller. They 
concluded that 1 mm needles show similar results to 3 mm needles, with the 
advantage of less downtime, swelling, and pain [3, 4].

Mechanism of action

The mechanism of action is thought to be a disruption of the epidermis and der-
mis. Micropunctures are created using microneedles, which produce a controlled 
skin injury without damaging the epidermis. The mechanical microinjury results 
in the classic wound‐healing cascade and stimulates cellular proliferation and 
migration through the stimulation of growth factors (see Figure 1.2).

These microinjuries lead to minimal superficial bleeding and set up a wound‐
healing cascade with release of various growth factors, such as platelet‐derived 
growth factor (PDGF), transforming growth factor alpha and beta (TGFα and 
TGFβ), connective tissue activating protein, connective tissue growth factor, and 
fibroblast growth factor (FGF) [5]. The needles also break down the scar strands 

Figure 1.1  Original microneedling roller created by Dr. Desmond Fernandes in 2001. Fixed 
needle length of 3.0 mm multiuse roller; designed for reuse on a single patient for approximately 
six treatment sessions. The original rollers were not able to be autoclaved at that time. They were 
sterilized by soaking in instrument cleaning fluid. Source: Dr. Desmond Fernandes.
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and allow them to revascularize. Neovascularization and neocollagenesis are 
initiated by migration and proliferation of fibroblasts and laying down of an 
intercellular matrix [6, 7]. A fibronectin matrix forms five days after injury and 
determines the deposition of collagen, resulting in skin tightening persisting for 
five to seven years in the form of collagen III. The depth of neocollagenesis has 
been found to be 5–600 μm with a 1.5 mm length needle. Histological examina-
tion of the skin treated with four microneedling sessions one month apart shows 
up to 400% increase in collagen and elastin deposition at six months postopera-
tively, with a thickened stratum spinosum and normal rete ridges at one year post-
operatively [8]. Collagen fiber bundles appear to have a normal lattice pattern 
rather than parallel bundles as in scar tissue [9].

The devices used create transient epidermal and dermal openings ranging in 
size from 25 to 3000 um in depth as a microinjury, with the goal of stimulating the 
inherent skin repair mechanisms. These microwounds or microinjuries initiate 
the release of growth factors, which trigger and stimulate collagen and elastin for-
mation in the dermis. That leads to healthier skin with improved texture. The 
microwounds are microchannels and heal following the classic wound‐healing 
cascade: inflammation, proliferation, and remodeling. This cascade is brought on 
by the needles’ disruption of the stratum corneum; the endothelial lining and the 
subendothelial matrix recruits platelets and neutrophils to the site of injury. 
Needling exposes thrombin and collagen fragments, which attract and activate 
platelets. The platelets form a plug and initiate the clotting cascade, which involves 
local platelet aggregation, inflammation, and blood coagulation through increased 
levels of thrombin and fibrin.

The needles carry an electric potential that stimulates fibroblast proliferation 
[10]. The mechanical injury triggers the release of potassium and proteins that 

Figure 1.2  The electric pen‐shaped device has adjustable settings to control the speed and depth 
of needle penetration. Source: skvalval/Shutterstock.
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alter intercellular resting potential, drawing in fibroblasts and stimulating neocol-
lagenesis and revascularization [6].

Research has shown up‐regulation of TGFβ3, a cytokine that prevents aberrant 
scarring; increased gene expression for collagen type I; and elevated levels of vas-
cular endothelial growth factor, fibroblast growth factor, and epidermal growth 
factor [11–13]. Histological studies have shown huge variation in epidermal thick-
ness. Randomized murine studies have reported statistically significant epidermal 
thickening from 140% up to 685% after microneedling plus topical vitamins A and 
C when compared to control [13, 14]. This is thought to be one of the reasons 
microneedling is effective for scar therapy and notable skin rejuvenation.

A human study of 480 patients treated with microneedling plus topical vitamins 
A and C reported thickening of the stratum spinosum lasting up to one year [8, 15].

Increased collagen types I, III, and VII and tropoelastin in human biopsies were 
found after six sessions of microneedling, ten with elevated levels of collagen type 
I and elastin persisting at six months. The number of melanocytes was unchanged 
postprocedurally.

These results support the safe use of this modality in patients with darker skin 
types [8, 15]. Having a safe and effective treatment modality for all skin types is 
advantageous in an aesthetic practice.

The devices

Modern microneedling devices consist of rollers, stamps, and pens. Needling 
devices have evolved over the past decade through a variety of advancements. 
Currently, there are multiple devices based on needle length, drum size, and auto-
mation. To date, there are five FDA‐approved pen devices. Physicians and provid-
ers need to consider important factors like needle length, needle material, and 
clinical indications in selecting which device to utilize [9].

Pens

Most pens utilize sterile single‐use cartridges and variable needle length to be able 
to customize the treatment depending on the unique characteristics of the patient’s 
skin and the area being treated. They are automated and the physician has the abil-
ity to adjust the needle length for customized treatment options and the pressure 
and depth during treatment can be more uniform (see Figure 1.3) [16].

The pen itself is reusable, and most pens have a protective disposable sleeve. The 
needle tips are the disposable/consumable in these devices. Because of their size 
the tips are able to treat curved and small areas such as the nasal ala and the 
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periocular and perioral areas. Most devices have a rechargeable battery that oper-
ates in two modes: high speed mode (700 cycles/minute) and low speed mode 
(412 cycles/minute) in a vibrating stamplike manner [17].

The devices contain multiple fine needles, ranging from 0.5 to 1.5 mm in length, 
that are rolled onto the skin. Needles between 1.5 and 3.0 mm are available but are 
preferred for the use of scars and damaged skin. The roller device is a drum‐shaped 
tool with a cylindrical head that is rolled back and forth to induce thousands of 
tiny pores in the stratum corneum and papillary dermis.

The length of needle selected for an individual patient depends upon the indica-
tion for microneedling and on the thickness of epidermis and dermis of the skin 
being treated. For treating acne and other scars, on average a needle length of 
1.5–2 mm is utilized. When microneedling is used as a procedure to treat skin 
aging and wrinkles, a needle length of 0.5 mm or 1.0 mm is recommended [18]. 
The frequency interval for microneedling depends upon the indication for which 
the procedure is being done as well as the needle length of the dermaroller device 
used. Microneedling generally requires more than one session and a series of 
treatments is usually recommended.

Five basic types of medical dermarollers, which are registered with the FDA, 
have been described in the dermaroller series by Anastassakis and most dermarol-
ling devices are adopted from these elementary types [19].

Stamps

Stamps were popular in the late 1990s and have made a resurgence recently. The 
stamps currently offered have attached microchambers which have the ability to 
directly administer a form of mesotherapy using the stamping device. Stamps have 
different needle lengths (0.2–3 mm) and a diameter of 0.12 mm These are useful 
in the administration of treatment to scars and anatomically small surface areas 
such as the perioral, periocular, and nasal regions where greater control is benefi-
cial, and may be used on isolated scars and wrinkles (see Figure 1.4) [3, 20–22].

Figure 1.3  Pen: Single‐use cartridge with adjustable frequency and needle length. Source: 
Sakurra/Shutterstock.
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Rollers

Rollers have many fine‐gauged needles that are on a cylindrical surface that pierces 
the skin on an angle. The rollers are fixed; the parameters are uniform for each 
device that you use. Unlike pens, you can not mechanically adjust rollers. The 
quality of rollers is also critical. Patients are seeking at‐home rollers but the quality 
of the needles is paramount. Needles that are dull or loose may cause tears in the 
skin and foreign body reactions, including but not limited to granulomas.

The most important factor is needle length. A high ratio of tip length to diam-
eter (13:1) is an important property of good needles [9]. The length of needle 
selected for an individual patient depends upon the indication for microneedling. 
For treating acne and other scars as a routine, a needle length of 1.5–2 mm is usu-
ally used. When microneedling is used as a procedure to treat aging skin and wrin-
kles, a needle length of 0.5 mm or 1.0 mm is usually recommended [19]. The 
needle length to use will also depend on the thickness of the epidermis and dermis 
of the skin for optimal results.

Given their design and mechanics, rollers are able to pierce the skin deeper 
when at a 90‐degree angle or perpendicular to the skin. Fernandes showed that 
with the use of rollers you have an intact epidermis with microchannels spaced out 
with about a four‐cell width distribution [4]. The provider’s technique with these 
devices is critical. Tearing of the epidermis may occur if performed incorrectly, 
with too much pressure, or at an increased speed. The needle rollers themselves 
are variable based on the materials used, needle length and diameter, and total 
number of needles. The quality of the rollers is also critical to evaluate.

Needle length is generally 0.2–3.00 mm, with a diameter of > 0.25mm and the 
materials are variable: stainless steel, titanium, or silver and gold. Stainless steel is 
the most common type of needle, silver and gold offer antimicrobial properties 
and carry less of a risk of allergic reactions, and titanium needles usually stay 
sharper longer (see Figure 1.5).

Figure 1.4  Microneedling stamp: fixed needle length with customizable vial for needling infusion. 
Source: Aquavit Pharmaceuticals, Inc. 
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DermaFrac

DermaFrac treatment is a newer modification of microneedling combining micro-
dermabrasion, microneedling, simultaneous deep tissue serum infusion, and light 
emitting diode (LED) therapy. DermaFrac treatments target aging and sun dam-
aged skin, acne, enlarged pores, uneven skin tone, wrinkles, fine lines, hyperpig-
mentation, and superficial scars. It takes approximately 45 minutes to complete a 
full face treatment when all four modalities are used. This noninvasive, cost‐effec-
tive treatment carries the advantage of having no downtime, with individualized 
selection of serums for infusion (see Figure 1.6) [22].

Clinical considerations

Microneedling is not only used for rejuvenation of the skin. Its use in dermatology 
and aesthetic medicine has expanded to include the treatment of acne scars, alo-
pecia, dyspigmentation, alopecia, striae, and for many other indications. It can be 
utilized alone or in combination with other treatment modalities, such as chemical 

Figure 1.5  Current rollers with fixed needle length; some current models are autoclavable. Source: 
marcinm111/Shutterstock.

Figure 1.6  DermaFrac™: Microneedling device combining simultaneous customized infusion 
followed by LED light therapy. Source: Genesis Biosystems, Inc.
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peels, platelet‐rich plasma, radiofrequency, subcision, punch elevation, and lasers. 
It is often used in conjunction with a topical formulation to enhance its penetra-
tion and action.

Microneedling is safely used for enhanced drug delivery to the deeper epider-
mis and dermis by bypassing the stratum corneum. This strategy has been utilized 
for burn patients and for rejuvenation, allowing cosmeceuticals to be delivered 
more deeply. Caution is necessary in deciding which topicals to use during deliv-
ery, as inflammation may occur and granulomas have been noted.

Conclusion

Microneedling is a popular treatment in dermatology and aesthetic medicine. 
Since the development of the first dermaroller over 20 years ago, a variety of new 
microneedling devices have been introduced. Accordingly, the applications of 
microneedling in dermatology and aesthetic medicine have expanded indications 
over the past several years.

Evidence‐based treatment of the skin for a variety of indications have been 
shown to be safe on all skin types. Microneedling is an effective modality of treat-
ment, especially in patients with Fitzpatrick’s IV and V skin types because it over-
comes the side effects of scarring and hyperpigmentation resulting from other 
procedures in which the epidermis is compromised. It certainly promises to be a 
valuable technique with its numerous applications and its ever‐expanding 
modifications.
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Introduction

I first started researching skin needling as we know it today in my medical practice 
in Cape Town on 20 volunteers starting in 1997. The treated cases had acne scar-
ring, burn scars, and fine wrinkles. My first iteration of needling started in 1994 
with deep dermal needling parallel to the skin surface of the upper lip skin to treat 
upper lip creases. This horizontal needling is not the same as subcision that 
Orentreich was doing for deep acne scars and wrinkles [1]. The two‐year experi-
ence of this method was presented at the Asian Society of Aesthetic Plastic Surgery 
in Taipei in 1996.

Vertically oriented needling through the skin arose from the work of Camirand 
and Doucet for treating linear scars (e.g. face‐lift scars) [2], which was discussed at 
the ISAPS meeting in São Paulo in 1997. I first started to use a tattoo artist’s instru-
ment, just as Camirand had (equivalent to the common pen‐style needling done 
nowadays), to do needling of burn scars, wrinkles, and acne scars. That technique 
I found to be too laborious when doing the whole face and the needles could not 
penetrate as deeply as I felt they should. I also felt that the holes were too close to 
each other. That drove me to design a roller tool that I believed would be easier to 
use and give better, safer results.

I said the results of needling stemmed from the “inflammatory” cascade of 
growth factors and in particular TGF‐beta‐3 (TGFβ3), which had been described 
by Fergusson and his team as the regeneration factor [3]. I believed that a normal 
matrix was developed after needling to replace degenerated or scar collagen. 

A Short History of Skin 
Needling
Desmond Fernandes 
Department of Plastic and Reconstructive Surgery, Faculty of Medicine, 
University of Cape Town
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My own personal histological studies had shown the increase of nonscar woven 
collagen and increased vertically oriented elastin. I also believed that vitamin A is 
so good for scars and regeneration of photoaged skin because of its stimulating 
growth factors [4–6].

Prof. Matthias Aust visited me in 2003, was intrigued by skin needling, and 
decided to research it at Hannover Medical School, Germany. His research subse-
quently revealed the platelet derived growth factors responsible for regeneration of 
the epidermis and matrix in rats in 2004 and was published in 2008 [7].

Today we know that skin needling is the safest way to treat scarred or aged skin 
and now we need to concentrate on the timing of needling and the chemicals we 
should use to promote better results. At this stage, vitamins A and C in the cos-
metic form seems the best ingredients to use with needling, but research on the 
importance of selected peptides also offers great promise.

Because this chapter focuses on the history of skin needling, it necessarily 
includes a substantial autobiographical focus due to my role in bringing skin 
needling to the attention of the medical profession.

My clinical research in skin needing started in 1994 and at that time I was also 
trying to understand why cosmetic forms of vitamin A rejuvenated skin. I believed 
that growth factors had to be involved. However, I was also looking at the difficult 
problem of wrinkles/creases on the upper lip. I believed that these upper‐lip lines 
were like scars between the skin and the deeper layer. I thought that if I could 
repeatedly pass a needle through the fibrous tissue under the lip lines and perfo-
rate them sufficiently they would then allow these “contractures” between the skin 
and the muscle to expand and thereby flatten out the wrinkles on the upper lip. 
That process was, in fact, the first iteration of skin needling, which I call horizontal 
needling. I still use this technique in conjunction with vertical needling.

I simply passed a needle backwards and forwards to create “tunnels” that were as 
close to the surface as I could manage and would thereby cause fenestration of any 
fibrous bands that were pulling in the wrinkles of the upper lip down to deeper tissue.

I started initially with a gauge 15 needle that I pierced through the upper‐lip 
skin laterally and then pushed it medially backwards and forwards horizontally 
immediately under the skin. This is not the same as the subcision technique 
described by Orentreich, which completely transects scars or wrinkles away from 
the subcutaneous tissue [1]. I found that there were dense areas immediately 
under the wrinkles and I hoped the perforations into them would allow the skin to 
lift upwards. At that stage I thought we might make some scar tissue, but I did not 
think that we would cause tissue regeneration.

I did a presentation on my experience with skin needling with horizontal nee-
dling at the International Society of Plastic Surgery (ISAPS) meeting in 1996 in 
Taipei. I met Andre Camirand in São Paulo in 1997, when he mentioned that he 
could improve face‐lift scars by “needle abrasion.” He used a tattoo gun with a flat 
array of needles to abrade the scars that penetrated to the normal level used by 
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tattoo artists. I then read his paper in which he spoke about piercing the skin 
vertically with a tattoo device to treat face‐lift scars [2]. That made sense to me 
because until then I periodically struggled with hematomas that had formed under 
the skin, which meant that people were really uncomfortable because they had 
rather thick, bruised, lips that took time to settle. With vertical needling I had no 
problems like this.

I conducted the first research into skin needling as we know it today as part of 
my medical practice in Cape Town, working with 20 volunteers starting in 1997. 
My results convinced me to take skin needling into the realms of burn scars and 
photoaging wrinkles. The treated cases had acne scarring, burn scars, and fine 
wrinkles. Dr. Hilton Kaplan worked with me on virtually all of the early cases and 
we tried to explain why we were getting the results that we saw. I was impressed by 
the changes induced by skin needling and so were my patients, so it was easy to 
continue my research work and get more experience.

Since I was already looking at the question of why cosmetic versions of vitamin 
A rejuvenated skin, I came to the conclusion that both vitamin A and skin nee-
dling must be releasing growth factors. I was heavily influenced by the excellent 
research of Ferguson and his team, who were trying to prevent the formation of 
scars [3, 8]. His conclusion was that TGF‐beta 3 (TGFβ3) was the dominant pro-
moter of regeneration. His studies showed that TGF‐beta 1 and 2 were the domi-
nant growth factors in normal healing that causes scars. TGFβ3 makes only a 
transient appearance and disappears within 24 hours. In fetal wounds TGFβ3 
dominates with Interleukin 10 (IL10) and hyaluronic acid, whereas TGFβ1 and 
TGFβ2 disappear rapidly. Ferguson felt that added TGFβ3 would change the para-
digm of healing to scarless healing, i.e. regeneration. His results impressed me. In 
the case of skin needling the release of growth factors from platelets was much 
more intense than Vitamin A stimulating keratinocytes. However, at that stage we 
still had to wait for evidence that vitamin A stimulated growth factors, but eventu-
ally that was demonstrated [5]. Vitamin A is also one of the most powerful stimu-
lants for hyaluronic acid production [9–11]. Since hyaluronic acid works 
synergistically with TGFβ3, this may be an important way that vitamin A helps 
improve scarring.

I first started to use a tattoo artist’s instrument, just as Camirand had (equivalent 
to the common pen‐style needling done nowadays) to do needling of burn scars, 
wrinkles, and acne scars. I recognized the risk of, but fortunately never experi-
enced, excoriation of the epidermis because I had been professionally trained to 
do tattooing. I only wanted the needles to penetrate the blood vessels in the papil-
lary dermis. That pen‐type technique I found to be too laborious when doing the 
whole face and the needles could not penetrate as deeply as I felt they should. I also 
felt that the holes were too close together. I concluded that the needles needed to 
be longer so that they would prick not only the vessels of the upper papillary der-
mis but also those in the reticular dermis. For safety and to reduce skin resistance 
to penetration I needed needles more widely spaced apart in a roller‐type device. 
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My aim was to get to the reticular dermis, which is about 1.0 mm below the surface 
of the skin on the face. That drove me in 1997 to design rollers with 1.0 to 3.0 mm 
length needles. I believe a roller tool is easier to use and gives better, safer results. 
I submitted the design for patent in 1998 but the idea could not be patented 
because Dr. Pistor (the “father” of mesotherapy) had designed and patented a very 
elegant stainless‐steel roller with about 12 long sharp needles in the 1950s. I also 
designed a “patter” or stamper device, but I mainly used the rolling device.

My very first case of skin needling was to correct upper‐lip creases. The patient 
was put onto vitamin A cosmetics and after three weeks I used regional anesthesia 
to numb her upper lip and I needled her upper lip intensively at 1.0 mm with the 
pen‐style device. I covered the needled area with skin‐colored micropore and 
asked her to apply the vitamin A cosmetics to the surface. She swelled considera-
bly and after about five days I removed the micropore tapes and her lip looked 
intact but rather swollen. A month later I could see that the lip wrinkles looked 
better but not sufficiently so; therefore I advised a second needling done in the 
same way and after another month I felt that a third needling would give us a good 
result. By the end of the fourth month I was happy to sit back and wait for improve-
ment. At that time, I realized that unlike laser treatments, where the results were 
obvious and best at about a month, with skin needling one needs to wait at least six 
months because there is progressive and well‐defined improvement month after 
month. After that the changes are more subtle. In my first case, I was able to follow 
up for five years and I can say that if you do intensive needling together with 
applying vitamin A cosmetic skin care, then the excellent result can be maintained 
for at least four years, as shown in Figure 2.1.

While I started using a pen‐type tattooing device, I felt that because the needle 
holes were too close together this produced a lot of inflammation. Once I started 

(a) (b)

Figure 2.1  The very first case of needling; long‐term result. (a) Before any treatment. (b) Four 
years after one needling per month for three sessions and continuous use of topical vitamin A and C. 
Source: Des Fernandes.
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rolling I found that I got much less inflammation even after very intensive nee-
dling. After a few months I could see that the results were the same as those I got 
from using the pen‐type of device. I found out that percutaneous needling is ideal 
to get changes in the reticular dermis and stimulate the production of collagen and 
elastin fibers.

Dr. Hugo Nel of Medunsa University was fascinated by the concept and did 
histology on roller‐needled skin and reported to me personally that he could find 
no evidence of scar tissue and only found normal lattice‐style collagen. Normal 
healthy dermal collagen is in a web or latticework and is not cross‐linked, whereas 
scar collagen (cross‐linked collagen III) is more densely laid down and the fibers 
lie in parallel bundles and are cross‐linked. This was the first indication suggesting 
that skin needling caused regeneration instead of scarring. This was important 
evidence to support my concept that needling caused the release of platelet‐derived 
growth factors (especially TGF‐beta 3) and was responsible for regeneration as 
described by Ferguson.

My classical technique of skin needling using a roller

The roller is the safest and most effective way to needle the whole face, stretch 
marks, deep acne scars, or burn scars. I generally don’t use it for linear scars or 
fresh scars, where I prefer to use the pen‐style device. I also use the pen‐style 
device when I needle the upper eyelids and close to the lower eyelid’s eyelashes. I 
believe we should all become expert in using both techniques. The roller device is 
far easier to use and requires less training.

By rolling backwards and forwards in various directions, or by repeatedly rolling 
in one direction with some pressure, one can achieve an even distribution of holes. 
The skin should be kept taught and be needled as densely as possible to maximize 
the release of platelets and hence the secretion of growth factors. Usually, as the 
needle holes get too close to each other, the needle “slips” into an established hole 
and so it seems impossible to overtreat the skin and make the holes too close to 
each other. The needles penetrate right through the epidermis but do not excoriate 
or remove it, so the epidermis is only punctured and will rapidly heal. Histological 
studies show that the needle seems mainly to divide cells from each other rather 
than cutting through the cells, so many cells are spared injury. The epidermis and 
particularly the stratum corneum remain intact, except for these tiny holes, which 
are about four cells in diameter. The needles penetrate about 1.5 to 2 mm into the 
dermis. Naturally, the skin bleeds for a short time, but that soon stops.

Contrary to popular myth, the needle holes are simple, and the skin never gets 
slits or cuts as the needle exits the skin. I have examined this very carefully and 
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studied it with slow motion video. The skin is tented upwards as the needle lifts the 
skin but then because the roller is moving in the opposite direction the needle 
simply slides out of the skin. There is only one hole through which the blood may 
escape, and I believe more blood (and platelets) remain in the skin and hence 
could give a better final result. The more platelets, the richer the concentration of 
platelet‐derived growth factors. The skin develops multiple microbruises in the 
dermis that initiate the complex cascade of growth factors that results in collagen 
production. One advantage of the roller that can never be replicated by the 
mechanical pen‐type devices is that through one hole many arterioles are cut or 
pierced as the needle transits from entrance to exit. This is very different from 
when one uses a vertical stamper or pen device: each punctured blood vessel is 
under a hole through which blood may escape and potentially less blood remains 
in the dermis. The mechanical devices merely penetrate the blood vessels imme-
diately in the vertical pathway of the needle.

After the bleeding stops, there is a serous ooze that must to be wiped from the 
surface of the skin. Wet gauze swabs soak up most of this serous ooze. As the skin 
swells, the holes are closed, the edges of the epidermis are approximated, and the 
ooze stops. Chemicals, however, may still penetrate the skin, so only safe mole-
cules should be used topically. After this serous leak has stopped, the skin is 
washed and then covered with vitamins A and C [12]. There is no other special 
postneedling care, but I have found that exposing the skin to a low pH immedi-
ately after needling seems to facilitate even better results.

When I had sufficient histology to prove in my own clinical cases that we were 
regenerating skin, I understood that  –  for the first time in medical history  –  a 
medical intervention could cause regeneration instead of scar formation when 
treating scars or photodamaged skin. Till then all other treatments, such as CO2 
laser or heavy peeling, had focused on scarring skin to tighten and smoothen it. In 
fact, skin needling is also known as percutaneous collagen induction (PCI)_
therapy and the automatic production particularly of TGF‐beta 3 opened up a new 
paradigm in treating scars.

I collected enough evidence to present a paper at the International Confederation 
for Plastic, Reconstructive & Aesthetic Surgery (IPRAS) meeting in San Francisco 
in June 1999 and the presentation was acclaimed by the packed audience as a 
breakthrough in treating scarring. Although I had pointed out that all my cases 
were prepared for a minimum of three months with a topical cosmetic vitamin A 
equivalent to retinoic acid 0.025 to 0.05 g%, few people recognized the value of 
preparation of the skin and so several months later I had complaints from several 
doctors who said needling did not make impressive changes. On questioning 
about what skin care they used, they generally said, "Come on, we all know that 
cosmetics do not work.” The other point that they missed was that needling has to 
be done quite intensively to make real changes.
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I lectured around the world at international plastic surgery and aesthetic 
meetings and was invited to publish the first paper on skin needling as an alterna-
tive to laser treatments of skin in the Aesthetic Surgery Journal in 2002 [13]. At 
one meeting in Tokyo, Andre Camirand was told about my concept of growth 
factors causing the changes and after giving it thought for a minute he confessed 
that he had missed that detail, but of course he was looking at small areas and 
thought that needling restored normal skin color by transplanting melanocytes 
that adhered to the needle.

Prof. Matthias Aust, who visited me in 2003, was intrigued by skin needling and 
he decided to research it at Hannover Medical School, Germany. He confirmed in 
2004 that platelet‐derived growth factors cause regeneration in rats (his work was 
finally published in 2010) [14]. We also published our combined experience of the 
clinical results in over 480 humans to show that needling was a valid way to treat 
wrinkles, stretch marks, and scars [15]. Aust continued his exploration of needling 
for various conditions [7, 16–23]. He particularly concentrated on burn scars and 
was awarded the European Burn Society Gold Medal for his work in treating burn 
scars. The lesson I learned from Aust was that because TGFβ3 is raised for only 
two weeks, even better results could be achieved by reducing the intervals between 
needling and so I slowly started to change the frequency of treatments until I felt 
safe doing 1.0 mm needling once a week. I tried 0.5 mm needling without topical 
anesthesia and that did not cause enough bleeding into the papillary dermis. If I 
did an intensive 0.5 mm needling with topical anesthesia I could manage to cause 
enough bleeding but I preferred needles at 0.8, 0.9, and 1.0 mm because I could get 
good bleeding without discomfort for the patient. I found that topical anesthetics, 
e.g. EMLA, made 1.0 mm needling very acceptable. I discovered that one has to 
make certain adjustments to enable topical anesthetic to work better. All topical 
anesthetics are kept in an acidic base to preserve activity. However, anesthetics 
function well only at an alkaline pH. For that reason, I devised a technique using 
a product I formulated to make the skin surface more alkaline before applying the 
topical anesthetic product. As a result, one gets much more intense anesthesia that 
may even allow 3.0 mm needling.

I realized that I could only do once‐a‐week needling with a roller because when 
I tried to do it with a pen‐type device the swelling and inflammation were too 
marked for the patients to tolerate that regimen. Needling, on the other hand, 
done under topical anesthesia, generally allowed the patients to return to work the 
day after the treatment.

At the invitation of Dr. Joe Niamtu, who heard me lecture on skin needling in 
Australia, I published my second article on minimally invasive collagen induction 
[24]. Dr. Massimo Signorini in Milan, Italy, was one of the first to understand the 
efficacy of skin needling in treating photoaging and started collecting his 
results  from  skin needling. Soon after that, we were able to publish an article 
together  [12].  Hilton Kaplan, who had worked with me on many of my earlier  
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cases, was eventually able, with Dr. Julie Kenner from California, to present our 
combined multicenter work at the American Academy of Dermatology in 2006. 
When my results started to gain attention the roller design was adopted by many 
companies around the world.

In the beginning of my work with microneedling I said that the induction of the 
inflammatory phase following wounding was the best way to describe the concat-
enation of chemical events following the release of platelets and the platelet‐derived 
growth factors. Today I regret using that word because needling does not cause 
significant inflammation, yet several “experts” say that the frequent needling ses-
sions that I advise “overwhelm” the skin system because of excessive inflammation 
and that interferes with the final results. I have pointed out repeatedly that I, and 
my patients, do not see the degree of inflammation that we encountered when I did 
pen‐type needling, and the results I achieved with more frequent needling set the 
standard for what could be achieved by skin needling. Some of my patients have 
demanded less frequent treatments than what I consider ideal, and so I have also 
built up a comparative experience and can say without prejudice that six needlings 
done at one‐month intervals gives an inferior result compared to doing six nee-
dlings spread over five weeks (5–6‐day intervals). Needling causes a healing cas-
cade of growth factors totally unrelated to the inflammation caused by prostaglandins 
and inflammazones and is totally driven by the platelet‐derived growth factors.

My research has been a continuous voyage from 1998 till the present. Today I 
believe the roller is the safest way to treat thicker scars. Lasers, etc. do not give 
competitive results. Pen‐style needling cannot penetrate the skin and scar tissue 
properly and may cause damage to the epidermis in trying to do this depth of 
needling.

I have tried to find out:
1  what length needles were required for various scars, wrinkles and stretchmarks,
2  which chemicals were the best for using before and after needling,
3  the best time intervals in between needling sessions, and
4  how we can use skin needling immediately after surgery to help make almost 
invisible scars.

We need to investigate when and how to needle an incision. Either before the 
elected surgery (one week before, one day before, or even immediately before the 
incision is made) or after surgery. This could be immediately after the wound has 
been sutured closed, or when sutures/dressings are removed.

Another use for needling could be acute burn injuries. The growth factors 
released could speed up the regeneration of the tissue and could also help to 
improve immune defense. Maybe scar contractures could be avoided. The possi-
bility of using needling in skin graft donor sites may offer the chance of less visible 
scars and even the opportunity to reharvest skin from the same donor area.

The appearance of cellulite has also been treated successfully with needling. The 
PCI effectively tightens up the skin again and smoothens the surface.
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The best chemicals to be used

Vitamin A
Because I have clinically researched vitamin A since 1982, and I knew that cos-
metic vitamin A changes scars and seems to make normal‐looking skin, it was 
sensible for me to prepare all my cases for needling by asking them to apply pro-
gressively stronger concentrations of vitamin A. By about three months the 
patients were using retinyl palmitate with concentrations in international units 
equivalent to retinoic acid 0.025 g% at the minimum but going up even to retinoic 
acid 0.1 g%. I purposely formulated the vitamin A creams in international units to 
ensure good DNA activity. I also believed that we were relying on the fibroblasts to 
make the changes so it made sense to “supercharge” the fibroblasts and make them 
ready for the intense activity that would follow needling. I believe the results I 
achieved validated the necessity to use vitamin A before and after skin needling. 
We know vitamin A also hastens healing, normalizes skin cells, and promotes nor-
mal collagen in a lattice pattern [5, 25–30].

Vitamin C
Vitamin C is essential for the production of normal collagen and even activates 
genes related to collagen production [31–35], and since we were stimulating the 
system to produce more collagen, that automatically means that one needs more 
vitamin C [36, 37]. I have generally used ascorbyl‐tetraisopalmitate in my formu-
lations because it is to date the most effective way of getting vitamin C into fibro-
blasts [38–40].

Selected peptides

Cosmetic peptides have in recent years become very effective – ever since the intro-
duction of the pioneering Matrixyl abut 20 years ago. I believe effective cocktails of 
newer peptides will offer even greater chances for better results (see Figure 2.2).

The frequency of needling

The most convincing research on the frequency of needling comes from Aust’s 
research at Hannover Medical School. Of particular note for addressing this con-
troversial topic is the report by Zeitter [41]. The researchers were able to compare 
the results of 3 mm needling done once a month for a total of for four sessions with 
1 mm needling done once a week for a total of four sessions. The weekly needling 
gave superior results. They also showed conclusively that vitamins A and C gave 
up to almost four times better thickening of the skin.
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Conclusion

In the beginning doctors dismissed skin needling as a simple, ineffective medieval 
torture but, fortunately, through continuous research, skin needling has become a 
valuable, inexpensive tool that can be used around the world in the most primitive 
conditions for the most important rehabilitative work, or for rejuvenation. It will 
probably remain a valuable tool for many years in the future.
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Introduction

Patients with burn scar deformities frequently request help to improve both the 
aesthetic and functional complications of their scars. There are numerous meth-
ods available for surgeons to treat burn scars, but nowadays there is a demand for 
less invasive and more cost‐effective procedures to give the desired benefits.

Noninvasive treatments such as silicone patches and pressure garments are important 
ways to control scars. Minimally invasive techniques such as cortisone injections also 
have a place. Surgeons have generally depended on surgical interventions such as scar 
excision, W‐ or Z‐plasties, and pedicled or free skin flaps to treat contractures or severe 
irregular scars. The quest for better results has also led to the application of many differ-
ent topical therapies, such as laser resurfacing, dermabrasion, and deep chemical peels.

The aforementioned methods all follow the same principal: they are ablative; 
they change the scar by destroying the epidermis partially or completely and scar-
ring the dermis. The death of tissue leads to an inflammatory response. In the 
process of trying to treat dermal scarring the epidermis may be completely 
destroyed and replaced by a thinner epidermis with flatter rete ridges covering 
parallel‐oriented scar collagen, which is distinctive for scarred skin [1–3]. 
Furthermore, the skin becomes more vulnerable to infections [4].

The ideal scar‐treatment method would avoid ablation of the epidermis, and rather 
promote the formation of physiological dermal collagen in a lattice pattern by initiat-
ing the expression of growth factors which are relevant for scarless wound healing and 
regeneration of the skin. In other words, the perfect remedy would be to remove the 
visible defective scarring and regenerate healthier, anatomically more normal skin.
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In recent years it has been proven possible, to a significant degree, to achieve the 
ideal treatment by using percutaneous collagen induction or “medical needling” 
[5–7]. Medical needling is a minimally invasive nonablative procedure capable of 
improving scar quality and functionality by dermal reorganization, with a decrease 
in scar collagen accompanied by an increase of physiological collagen and 
fibronectin as well as an increase of glycosaminoglycans. There is a decrease of 
transepidermal water loss because the epidermis is thicker and the stratum cor-
neum becomes a fully functional water barrier.

Approximately 20 years ago Camirand and Doucet demonstrated that by simple 
“needle abrasion” one could get significant clinical improvement in treating white 
surgical scars with a tattoo artist’s device [8]. Orentreich also reported on “dermal 
needling or subcision” as an alternative for treating scars and wrinkles [9]. Based 
on these concepts, Fernandes developed the percutaneous collagen induction 
technique [10]. Thanks to targeted research within the last 15 years, impressive 
scientific data is now available which underlines the efficacy and safety of medical 
needling and why it works [5, 7, 11–15].

Science

How it works
Medical needling is repetitive puncturing of burn scars with a roller equipped with 
3.0 mm‐long needles that penetrate into the dermal scars and cause intradermal 
bleeding (see Figure 3.1).

Figure 3.1  Needling device. Source: Matthias Aust.
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The needling device is repeatedly rolled over the scar in three main direc-
tions – longitudinally, diagonally, and horizontally – to get the best distribution of 
puncture holes. According to the extent of the scar, this procedure can last 30 
minutes or longer. It is important to use the device with constant pressure and to 
do the rolling in one direction at a time to prevent shear forces. The needles are 
solid and do not have a lumen. Hence, they pierce the skin and mainly separate the 
skin cells rather than destroying them (see Figure 3.2). They penetrate the dermis 
2–3 mm and produce thousands of micropuncture wounds and intradermal 
bleeding. Some blood comes up through the channels to cause bleeding on the 
surface. The most important bleeding occurs in the dermis but bleeding through 
the skin gives us a good idea of what is happening below in the dermis.

Induction of the wound‐healing cascade
This trauma initiates the activation of the physiological wound‐healing cascade 
but with a significant difference form the norm. Normally trauma causes the tem-
porary presence of TGFβ3 and the wound heals predominantly under the influ-
ence of TGFβ1 and ‐β2, which results in scar tissue. After needling TGFβ‐1 and 
‐β‐2 rapidly disappear from the scene and TGFβ3 dominates, resulting in scarless 
healing and regeneration [16]. Skin needling induces a new (and as yet unrecog-
nized) phase of regenerative healing which should not be confused with the post-
traumatic inflammatory cascade. Platelets, keratinocytes, and neutrophils secrete 
growth factors such as platelet‐derived growth factor (PDGF), fibroblast growth 
factor (FGF), vascular endothelial growth factor (VEGF), tissue growth factor, and 
transforming growth factor‐α and ‐ß (TGFα, TGFß). These initiate the synthesis 

Intraoperatively Within minutes post-op A few days post-op Days to weeks post-op

Figure 3.2  Schematic illustration of medical needling and the effects on the wound. The needle 
pierces the epidermis and the blood vessels of the dermis. When the needle is withdrawn the 
needle tract closes and by the next day it cannot be detected histologically. Within days collagen  
I and elastin are generated.



The Value of Medical Needling in Burn Scars  25

of dermal structures such as collagen, elastin, and fibronectin and stimulate the 
migration of fibroblasts and keratinocytes 13 [17]. The modulation of these growth 
factors right at the beginning signal the differences between this new paradigm of 
scarless healing and the archetypal healing with scar formation.

TGF and the induction of collagen I
This new repair and regeneration mechanism is relevant for the formation of col-
lagen I, which is the physiological‐type collagen in a lattice pattern in healthy skin, 
whereas collagen III is more prevalent in parallel‐oriented scar collagen. TGFβ3 
makes a transient presence in standard surgical wounds and has largely disap-
peared within 24 hours of injury. Typical scars, we now know, are the result of 
dominant activity of TGFß1 and ‐2. In contrast, TGFß1 and ‐2 levels are extremely 
low in scarless embryonal wound healing while the levels of TGFß3 are remarka-
bly high [1, 5, 16, 18].

Medical needling particularly influences the liberation of TGFß1, ‐2, and ‐3. 
Within days post‐treatment the levels of TGFß1 and ‐2 are significantly down-
regulated whereas TGFß3 reaches high expression levels even beyond the initial 
wound‐healing phase [7, 13]. In support of this, the production of type I collagen 
was found to be increased after medical needling (see Figures  3.3–3.5). The 
changes seen with skin needling indicate a lower level of TGFß3 by two months. 
Ferguson’s team argues that the initial height of the rise in TGFß3 concentration is 
probably the most important influence, not so much the duration of the raised 
levels because the TGFß3 does not stay raised for the extended healing period 
[19]. Studies in humans that are as yet unpublished show that TGFß3 is raised after 
needling and become higher when needling is done at short intervals (Fernandes, 
personal communication).
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Figure 3.3  Microarray analyses of TGFß1, ‐2, and ‐3 expression levels in treated animals. The 
induction of TGFß3 gene expression continues even beyond the initial wound‐healing phase, 
whereas TGFß1 and ‐2 are downregulated during the second week post‐treatment.
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Dermal remodeling

Dermal reorganization after medical needling depends not only on the formation 
of physiological oriented collagen I but also on the inclusion of glycosaminogly-
can molecules and fibronectin. This was shown in the animal model through the 

Figure 3.4  Immunofluorescence visualization of collagen I: Staining with antibodies directed 
against Collagen I (Alexa488) and DAPI. Un‐needled animal of the dermis failed to react with the 
antibodies. Source: Matthias Aust.

Figure 3.5  Immunhistochemical staining, anti–collagen I. Needled animal with eight weeks of 
skincare stained without primary antibody. The amount of type I collagen was qualitatively 
increased in the treated group compared to their controls, judged by the brighter fluorescence. 
Source: Matthias Aust.
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quantitative analysis of gene expression as well as through immunohistological 
analyses [13, 20, 21]. As seen in Figures 3.12 and 3.13, the entire connective tis-
sue framework appears thicker and denser post‐treatment.

Increase in skin elasticity

Moreover, the stimulation of the endogenous FGF contributes to improved skin 
elasticity. As seen in Figures  3.6 and  3.7, the amount of elastin is significantly 
higher after medical needling.

Normalized perfusion

The secretion of VEGF during the healing phase stimulates angiogenesis and leads 
to the formation of tiny blood vessels in the corium. This helps to normalize the 
characteristic pathological erythema of scars after burn injuries. As seen in 
Figures  3.8 and  3.9, the amount of VEGF significantly rises after medical 
needling.

Figure 3.6  Immunhistochemical staining, antielastin. Untreated animal immunofluorescence 
visualization of elastin: Staining with antibodies directed against elastin (Alexa488) and 
DAPI. Un‐needled animal of the dermis failed to react with the antibodies.  
Source: Matthias Aust.
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Increase in skin moisture content

Scars often appear dry and loose due to a decrease of glycosaminoglycans with a 
result of reduced water retention in the skin and due to thinner epidermis with 
increased transepidermal water loss. Medical needling is associated with a higher 
inclusion of glycosaminoglycans (see Figures 3.10 and 3.11) and with a thicker 
epidermis post‐treatment (see Figures 3.12 and 3.13). Both help to maximize the 
moisture of the skin back to the reference of healthy skin.

Figure 3.7  Immunhistochemical staining, antielastin. Needled animal with eight weeks of skincare 
stained without primary antibody. The amount of elastin was qualitatively increased in the treated 
group compared to their controls, judged by the brighter fluorescence. Source: Matthias Aust.

Figure 3.8  Immunhistochemical staining, anti‐VEGF. Untreated animal immunofluorescence 
visualization of elastin: Staining with antibodies directed against elastin (Alexa488) and DAPI. 
Un‐needled animal of the dermis failed to react with the antibodies. Source: Matthias Aust.
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Increase of epidermal thickness

In contrast to ablative treatments, the skin structures are not injured after medical 
needling. The epidermis remains physiologically intact, which means that 
potential side effects such as inflammation, new scarring, or dyspigmentation are 

Figure 3.10  Immunofluorescence visualization of GAGs (Alexa488‐conjugated) and DAPI 
(representative example). Un‐needled animal with eight weeks of skincare. GAGs showed dense 
deposits occupying much of the dermis, leaving only isolated collagen bundles visible. Source: 
Matthias Aust.

Figure 3.9  Immunhistochemical staining, anti‐VEGF. Needled animal. VEGF showed a 
membranous staining pattern along the intercellular junctions in the basal and suprabasal layers of 
the epidermis. A brighter fluorescence indicates that the amount of VEGF in the dermis is 
augmented in the needled groups compared to the un‐needled groups. Source: Matthias Aust.



30  Chapter 3

reduced to a minimum. Furthermore, it has been shown in the animal model that 
the thickness of the epidermis increases up to 140% after treatment versus 
untreated ones [22]. (See Figures 3.12 and 3.13.)

Figure 3.11  Immunhistochemical staining, anti‐GAG. Needled animal with eight weeks of 
skincare stained without primary antibody. As observed in the PAS staining, a marked increase in 
the amount of GAGs was observed throughout the different needled groups in comparison to the 
un‐needled groups. Source: Matthias Aust.

Figure 3.12  Masson’s trichrome staining. Untreated animal (control). Source: Matthias 
Aust.
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Role of vitamins in wound healing

Maximal post‐needling improvement was seen in combination with pre‐ and 
post‐treatment of the skin with vitamin A and oxidants Vitamin C and E (see 
Figures 3.12 and 3.13).

No dyspigmentation after medical needling

A disadvantage of ablative scar treatments is that there is an increased risk of 
dyspigmentation, especially in darker skin types [23–25]. On 480 patients, it 
has been shown that there is no risk of dyspigmentation after medical needling 
[26]. Furthermore, medical needling does not change the number of melano-
cytes but the expression levels of melanocyte‐stimulating hormone (MSH) and 
Interleukin‐10 (Il‐10) are modified [26]. MSH, which influences the prolifera-
tion and activity of melanocytes, is significantly downregulated within  

Figure 3.13  Needled animal with eight weeks of skincare. Collagen fiber bundles were 
increased, thickened, and more loosely woven in both the papillary and reticular dermis, most 
prominently in the needled plus skincare group. Elastin fibers in the dermis were highly linear 
and the epidermal dermal interface showed regular dermal papillae; cellular polarity and 
normal epidermal differentiation appeared to be maintained; and the elastin network within 
the reticular dermis was regularly thickened and organized in all groups. Source: Matthias 
Aust.
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days after treatment. Il‐10 as an anti‐inflammatory cytokine is upregulated 
postoperatively [20]. In a subsequent study, it has been shown that it is not 
possible to repigment larger areas of hypopigmented skin with medical nee-
dling alone.

Repigmentation of hypopigmented burn scars with medical 
needling and non‐cultured autologous skin cell suspension 
(NCASCS)
Currently numerous methods are available to treat hypopigmented skin, such as 
split skin grafting [27, 28], lasers [29], and cultured skin cell transplantation 
[30–32]. In recent years, research focused additionally on noncultured skin cell 
suspension. The autologous cell harvesting device is used to create a spray suspen-
sion of living autologous skin cells. These cells are harvested intraoperatively and 
directly applied, in suspension, to the prepared wound.

In order to prepare an area for treatment with NCASCS, the wound has been 
first treated by using dermabrasion or lasers, which are both ablative methods. By 
their nature, ablative treatments remove skin structures and cells, including the 
basement membrane, which are replaced by a thinner epidermis with flatter rete 
ridges [1, 2, 32]. This initiates an inflammatory response that stimulates fibroblasts 
to produce parallel oriented scar collagen instead of physiological lattice‐pattern 
collagen [1, 33]. Additionally, the risk of dyspigmentation increases after these 
ablative treatments due to associated damage to the melanocytes [34, 35].

An ideal wound preparation for the autologous cell suspension would be a treat-
ment that does not destroy structures of the epidermis yet creates a conduit that 
allows ingress of melanocytes, but that promotes the formation of physiological 
collagen instead of scar collagen and initiates the expression of growth factors. As 
described above, medical needling offers all these advantages.

To combine both procedures it is at first necessary to prepare a depigmented 
scar with intense medical needling. Afterwards the autologous cell suspension is 
applied through a spray syringe on the wound.

The hypothesis is that the melanocytes of the cell suspension link through the 
epidermal canals onto the basal membrane. In a pilot study with 20 patients it has 
been shown that it is possible to get marked subjective and objective improve-
ments regarding repigmentation with the combination of medical needling and 
NCASCS [36].

Clinical results

The following images show the clinical results of microneedling therapy for a vari-
ety of skin conditions.



Medical needling

Figure 3.14  One‐month‐old active burn scar due to open fire burn injury. Note the active, 
hypertrophic, stiff and red scarring. Source: Matthias Aust

Figure 3.15  Needling was performed one month after trauma (just after the epithelium was 
closed). Picture shows improvement of the scar one year post‐needling. Source: Matthias Aust



Figure 3.18  Improvement of the hypertrophic burn scar six months post–3mm needling. Source: 
Matthias Aust.

Figure 3.17  Hypertrophic burn scar, lower arm, 5 years post‐trauma. Source: Matthias Aust.

Figure 3.16  Result after a second deep needling one year after the second needling (two years 
post–initial trauma). Source: Matthias Aust.
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Figure 3.19  Full Face burn scars after a deep second‐ and third‐degree burn accident. Picture 
taken 10 years post‐trauma. Source: Matthias Aust.

Figure 3.20  Improvement of the skin and scar condition six months after a 3mm needling of the 
face. Source: Matthias Aust.
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Medical needling and ncascs

(a) (b)

Figure 3.22  Hypopigmented scar after hot‐water burn (a) 16 months post‐trauma and (b) with 
better repigmentation one year post‐needling combined with NCASCS. Source: Matthias Aust.

Figure 3.21  Forehead scar with hypopigmented areas before and with better repigmentation one 
year post‐needling combined with NCASCS. Source: Matthias Aust.
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Figure 3.23  Hypopigmented scar after burn, lower back, 24 months post‐trauma, before 
treatment. Source: Matthias Aust.

Figure 3.24  Improvement of the melanin level and thereby repigmentation of the scar one year 
post‐treatment. Source: Matthias Aust.

(a) (b)

Figure 3.25  A post‐burn keloid (a) is not the same as a true keloid and skin needling is a 
convenient way to treat these scars. The result seen (b) is after one year after a single session of  
3 mm needling. Source: Matthias Aust.
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Conclusion

Medical needling offers a new alternative treatment for burn scars by changing patho-
logical scar collagen with thousands of micropunctures into a scar with normal col-
lagen. When we prick skin, we puncture blood vessels and the release of platelets 
signals the release of growth factors which then improve dermal collagen, vasculari-
zation, and epidermal thickening. Medical needling liberates growth factors like 
VEGF and TGFß3, which initiate the replacement of parallel, packed scar collagen by 
physiological collagen I in a lattice orientation, with added elastin and glycosamino-
glycans. The scars after medical needling tend to be smoother, softer, less itchy, and 
much less obvious. The skin becomes altogether more elastic and as a result contrac-
tures are also softened. In some cases, invasive surgery to treat contractures becomes 
unnecessary. Skin needling is showing us that it relieves tensions in tissues and mini-
mizes the need for Z‐plasty and major flaps. Early skin needling could help avoid scar 
contractures, which is one of the most crippling feature of burns. A significant prob-
lem arises for young girls as their breasts develop, because the breast tissue is entrapped 
by scar tissue and does not develop properly. Skin needling is worth doing for these 
patients and should be done as early as possible after the burn injury. There is good 
reason to believe that if we can change the spectrum of tissue healing dominated by 
TGFβ1 and ‐2 in the acute phase and convert it into a regenerative phase promoted 
by TGFβ3, we will have long‐term effects and avoid contractures. Our experience at 
this stage is largely in treating well established burns, but the authors feel that skin 
needling should become a part of the early management of burn scars.

Repigmentation offers the ideal pretreatment for non‐cultured autologous skin 
cell transplantation. Both treatments preserve the epidermis, which results in a 
reduced risk of new scarring or dyspigmentation.

Medical needling offers a treatment that, for the first time in medical history, 
can cause regeneration of tissue, soften burn scars, and reduce contractures. When 
done repeatedly and intensively the burn‐scarred tissue can seem to be almost 
normal unscarred skin. However, the timing probably is of utmost importance. 
The authors believe skin needling should be done as soon after the burn injury as 
is reasonable because they have had experience treating burns within a few hours 
to days of the initial burn injury and it seems the earlier the needling, the greater 
the chance to heal with minimal scars.

Skin needling needs to be understood by clinicians treating burns so that this 
valuable technique can be offered to as many burn victims as possible.
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4

Introduction

Aging of the skin is undesirable and occurs with time due to both natural (intrin-
sic) and environmental (extrinsic) factors. Intrinsic factors include the unavoida-
ble consequences of chronological aging, such as diminished levels of androgens 
and growth hormone, decreased collagen production, and breakdown of the 
elastin network. The extent of aging due to intrinsic factors is affected by genetic 
factors such as gender and ethnicity.

Extrinsic aging is predominately due to chronic exposure to damaging ultravio-
let (UV) radiation, also known as photoaging. The effects of sunlight on the skin 
are estimated to account for up to 90% of visible skin aging. Histological studies 
have demonstrated significantly greater decreases in elastin and type I and type III 
collagen among sun‐exposed individuals. Other extrinsic factors include psycho-
logical stress, diet, medications, smoking, air pollutants, and comorbid illness.

Together, intrinsic and extrinsic aging lead to facial skin attributes including 
fine lines, deep wrinkles, skin laxity, an increase in hyperpigmentation, reduced 
radiance, and an increase in visual and tactile roughness. To alleviate the signs of 
aging or to slow down the aging process, patients have incorporated skincare (cos-
meceuticals) products into their daily routines, as well as undergone nonsurgical 
and noninvasive cosmetic procedures. Recently, it has been suggested that pairing 
skincare products or customizing skincare regimens with procedures can enhance 
patient results, reduce downtime, and enhance patient experience.

Skincare cosmeceutical products, such as antiaging moisturizers, have been 
shown to address intrinsic and extrinsic aging and reverse signs of aging.

Skin Care Used 
with Microneedling
Chytra V. Anand and  
Parinitha Rao 
Kosmoderma Clinics Bangalore, India
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Microneedling is a cosmetic procedure gaining popularity as it has been 
clinically shown to address both intrinsic and extrinsic skin aging. This cosmetic 
procedure is minimally invasive and utilizes fine needles to puncture the skin, 
creating microwounds, which induces the release of growth factors and induction 
of collagen and elastin production [1].

Microneedling, also known as percutaneous collagen induction (PCI), has dem-
onstrated efficacy for treating a variety of skin conditions, including atrophic acne 
scars, traumatic and burn scars, striae, and skin rejuvenation on all skin types.

Histological studies have shown that microneedling can tighten and improve the 
appearance of photoaged skin. This rejuvenation is associated with significant 
increases in collagen types I, III, and VII and elastin. The physical trauma caused 
by needle penetration induces the normal wound‐healing response while causing 
minimal damage to the epidermis. A 400% increase in collagen and elastin has been 
demonstrated following several microneedling sessions [2]. Advantages of this pro-
cedure include simplicity, rapid recovery, being well tolerated, minimal risk of 
postinflammatory hyperpigmentation, convenience, and cost‐effectiveness.

Microneedling has been further refined by combining it with radiofrequency 
(RF) technology. Insulated needles penetrate the skin, where radiofrequency cur-
rents produce thermal zones in the skin without damaging the overlying epider-
mis. This stimulates long‐term dermal remodeling, neoelastogenesis, and 
neocollagenesis. The needle depth can be adjusted, which enables treatment of 
different layers of the dermis. Microneedling is also an effective method of enhanc-
ing the efficacy of chemical peels and other skin rejuvenation procedures [3].

As RF microneedling procedures continue to increase in popularity, it is impor-
tant to study the use of a skincare regimens pre‐ and postprocedure.

Pre‐ and posttreatment skincare

Role of peptides

It has been predicted that skincare prior to a procedure “readies the skin, enhances 
metabolism for the trauma that is coming, revs up the machinery for repair, and 
adds the nutrients needed for repair” [4]. It is hypothesized that pairing an antiag-
ing facial moisturizer with RF microneedling following a detailed skincare regi-
men should produce enhanced and optimal results to the patient, on both a 
short‐term and a long‐term basis. Additionally, although RF microneedling 
disrupts the barrier, the patient should tolerate the procedure with minimal side 
effects.

A clinical study was done to evaluate the tolerability and safety for use of a 
multi‐ingredient antiaging moisturizer pre‐ and post‐RF microneedling procedure, 
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and to evaluate the improvement and conditioning of the facial skin using a multi‐
ingredient antiaging moisturizer for two weeks of twice‐daily use prior to RF 
microneedling procedure and for four weeks of twice‐daily use post‐RF micronee-
dling procedure. This multi‐ingredient antiaging facial moisturizer was a compre-
hensive, all‐in‐one facial moisturizer that contains ingredients which specifically 
address aging in the epidermis, dermal‐epidermal junction, and dermis [1].

The antiaging moisturizer was composed of the following key ingredients: 
astragalus membranaceus root extract, tetrahexyldecyl ascorbate (THD), ursolic 
acid, a blend of bioavailable peptides (including palmitoyl tripeptide‐38), a blend 
of pure ceramides, natural cholesterol, fatty acids, and jojoba esters, sodium 
hyaluronate, and ubiquinone. The multi‐ingredient antiaging formulation was 
enhanced to include a prebiotic ingredient, alpha glucan‐oligosaccharide. The 
addition of this ingredient creates a robust, multitargeted antiaging moisturizer 
with the additional benefit of balancing and diversifying the skin microbiome. All 
other ingredients were maintained at efficacious levels.

A two‐week run of DEJ face cream® (Revision Skincare®, Irving TX), a multi‐
ingredient antiaging face moisturizer, simultaneous to the washout period of all 
facial creams was performed. Patients were instructed to stop using topical astrin-
gents and abrasives for one week, antibiotics on the face for two weeks, retinoids 
(including retinol) on the face for two weeks, and glycolic or lactic acid for two 
weeks prior to the procedure. In addition, Gentle Cleansing Lotion, Revision 
Skincare®, a nonmedicated gentle cleanser, was dispensed to be utilized during the 
study [1].

Lastly, when excessive sun exposure was unavoidable, patients were directed to 
wear appropriate protective clothing and to use sunscreen lotion with SPF of 30 or 
higher. Patients were instructed to apply the DEJ face cream evenly to the face 
twice daily, once in the morning and once in the evening, two weeks prior to RF 
microneedling procedure, approximately 20 minutes after the RF microneedling 
procedure, and for four weeks postprocedure, with twice daily application.

Topical anesthetic cream was applied on the treatment area prior to RF 
microneedling. Before application of the anesthetic cream, patients were instructed 
to wash their faces thoroughly with lukewarm water and a cleanser. Patients were 
asked to apply DEJ face cream before leaving the office, approximately 20 minutes 
postprocedure. In this six‐week open‐label, single‐site clinical study, 15 patients 
completed the study with no adverse events as evaluated by the investigator. At the 
end of the study, all tolerability parameters assessed by the investigator and patients 
were not significant compared to preprocedure.

Eighty percent of patients showed an improvement on the Glogau wrinkle scale, 
but improvement was not statistically significant between the baseline and end of 
study. Full‐face skin evaluation was measured by the investigator at all visits and 
efficacy parameters included radiance, tone, smoothness, texture, redness, dry-
ness, and overall appearance. Improvements in all skin attributes were statistically 



44  Chapter 4

significant at the end of the study. Self‐perceived skin attribute improvements 
were ranked as follows: overall improvement, brightness, texture, pigmentation, 
redness, and tightness. The combination of the antiaging facial moisturizer and RF 
microneedling was comfortable for the patients and patients were satisfied.

The results indicated that incorporation of specialty ingredients at efficacious 
levels produced statistically significant antiaging results. Furthermore, these 
ingredients were incorporated into the antiaging moisturizer because of their 
potential to target the layers of the skin susceptible to both intrinsic and extrinsic 
aging [1].

Another study was done to assess the safety and efficacy of two topical tri‐ and 
hexapeptide‐containing products pre‐ and posttreatment with RF microneedling 
of the photoaged neck with respect to healing and aesthetic outcomes [3].

Novel topical products formulated using tri‐ and hexapeptide technology 
(TriHex Technology®) were used to clear the extracellular matrix, stimulate 
neocollagenesis and elastogenesis, decrease inflammation, and accelerate the epi-
dermal healing process. Using this technology, a new product was developed to 
reduce post‐treatment redness and discomfort associated with RF microneedling, 
to improve neocollagenesis and elastogenesis, and to improve skin hydration. The 
first skincare product (RSN; Regenerating Skin Nectar®; Alastin Skincare®, Inc.) 
was designed to be applied before and immediately following invasive and nonin-
vasive aesthetic procedures to enhance elastin and collagen production for faster 
recovery and improved aesthetic outcomes.

The product was formulated with a proprietary TriHex TechnologyTM, the 
flavanone naringenin, panthenyl triacetate, Arnica montana extract, and the carot-
enoids phytoene and phytofluene. The formulation possesses a high antioxidant 
activity to calm inflamed skin and reduce redness.

A second skincare product, Restorative Neck Complex (RNC; Restorative Neck 
Complex; Alastin Skincare®, Inc.) was a proprietary formulation which also 
incorporates TriHex Technology and a proprietary blend of peptides and potent 
antioxidants for treating crepey skin and photoaged discoloration of the neck and 
décolleté.

Each subject was instructed to cleanse their neck prior to applying the first 
product, RSN, in the morning and evening beginning two weeks prior to the RF 
microneedling procedure and continuing one week post‐treatment. RSN was also 
applied to the neck within 15 minutes following RF microneedling. Beginning on 
the evening of study Day 21 (post‐treatment Day 7), subjects applied the second 
product, RNC, morning and evening for the remainder of the study.

The results of the study showed that the mean Investigator Photodamage 
Assessment score was 2.3 at baseline, indicating moderately severe photodamaged 
skin prior to treatment. Mean scores steadily decreased, becoming significant at  
30 days post‐treatment, which persisted through Day 90. One subject observed 
wrinkle improvement using the RSN study product alone for the 14 days prior to 
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the RF microneedling procedure. Based on mean Investigator Global Assessment 
scores, all skin quality parameters were statistically significantly improved by 
post‐treatment Day 30.

The greatest changes occurred in tactile skin texture (79%), visual skin smooth-
ness (62%), red, blotchy skin (62%), and overall appearance. Similar to Investigator 
Global Assessment scores, all 10 parameters in the Subject Skin Quality 
Questionnaire parameters showed improvements at post‐treatment Day 30 which 
persisted until Day 90.

The RF microneedling procedure was well tolerated and no unexpected adverse 
events were reported. Subjective reports were mild or moderate and transient, 
being resolved within three to seven days. Similarly, objective reports of erythema 
and edema were mild and moderate, respectively, on the day of the procedure and 
resolved within three to seven days. There were no adverse events associated with 
the tri‐ and hexapeptide‐containing test products.

The application of peptide‐containing topical products has beneficial effects 
against the signs of intrinsic and extrinsic skin aging. These products rejuvenate 
the appearance of photoaged skin by clearing the extracellular matrix and stimu-
lating collagen and elastin production. Overall, the results of this study provide 
additional evidence supporting the safety and efficacy of tri‐ and hexapeptide‐
containing topical products [3].

Role of growth factors

Growth factors (GFs) comprise a large group of regulatory proteins that attach to 
cell surface receptors and serve as chemical messengers. Via this interaction, they 
mediate inter‐ and intracellular signaling pathways that control cell growth, prolif-
eration, and differentiation. Unlike hormones, the activity of GFs is confined to 
the vicinity of their sites of production. In the skin, GFs are synthesized by fibro-
blasts, keratinocytes, platelets, lymphocytes, and mast cells. Specific GFs regulate 
vital cellular activities, including mitogenesis, angiogenesis, chemotaxis, forma-
tion of the extracellular matrix (ECM), and control of other GFs.

When the skin is wounded, GFs accumulate at the site of injury and interact 
synergistically to initiate and coordinate wound healing. They can reverse the 
effects of collagenases, increase collagen levels, and decrease tissue inflammation.

Clinical studies have demonstrated that topical application of human‐ or ani-
mal‐derived GFs or injection of autologous GFs may also increase dermal collagen 
synthesis, and that this is associated with reduced signs of skin aging such as fine 
lines and wrinkles. It is postulated that GFs can act synergistically to produce the 
desired effects. Topical GFs are derived from a variety of sources, including 
humans (epidermal cells, placental cells, foreskin, and colostrum), animals, plants, 
recombinant bacteria, and yeast [5].
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Growth factors may be beneficial in reducing signs of skin aging owing to their 
ability to promote dermal fibroblast and keratinocyte proliferation and to induce 
extracellular matrix formation, including collagen. Endothelial precursor cells 
(EPCs), differentiated from human embryonic stem cell (hESC), have demon-
strated their effects on the improvement of blood perfusion in damaged tissues.

Conditioned medium (CM) of hESC‐derived EPC (hESC‐EPC), which was 
composed of a large number of growth factors and cytokines, significantly 
improved signs of skin aging, and therefore could be one of the potential treatment 
options for skin rejuvenation. A 12‐week randomized split‐face study was under-
taken to evaluate in vivo efficacy of microneedle fractional RF for skin rejuvena-
tion in Asians, and furthermore the synergistic effect of stem cell conditioned 
medium (hESC‐EPC CM) for skin rejuvenation.

Patients received three treatments each, spaced four weeks apart. Each patient’s 
face was anesthetized using topical 4% lidocaine cream (LMX4, Ferndale 
Laboratories Inc., Ferndale, MI) about 30 minutes before the procedure. The face 
was cleansed with a mild soap and 70% alcohol. As per the manufacturer’s recom-
mendation, the full face was treated with a microneedle fractional RF device 
(ScarletTM, Viol Co., Korea). The treatment parameters were determined based on 
the specific anatomical location and proximity of underlying bones [6].

Treatment was delivered in a single, nonoverlapping pass over the indicated 
area. An epidermal cooling device (CARESYS, Danil SMC, Korea) was used to 
relieve pain and erythema after the treatment. Postoperatively, 1.5 ml of normal 
saline was painted for the fractional RF alone treatment side, and 1.5 ml of hESC‐
EPC CM was painted for the fractional RF plus hESC‐EPC CM treatment sides. 
Patients were instructed to avoid washing their faces at least for one hour. In vitro, 
hESC‐EPC CM significantly improved the proliferation and migration of dermal 
fibroblasts and epidermal keratinocytes and also increased collagen synthesis of 
fibroblasts.

Analysis of hESC‐EPC CM with a multiplex cytokine array system indicated 
that hESC‐EPCs secrete cytokines and chemokines such as EGF, bFGF, fractalkine, 
GM‐CSF, IL‐6, IL‐8, PDGF‐AA, and VEGF, which are well known to be important 
in normal angiogenesis and wound healing. It is well documented that hydrophilic 
molecules larger than 500 Dalton (Da) molecular weight have very low penetra-
tion through the stratum corneum. Most growth factors are large hydrophilic mol-
ecules greater than 20 kDa molecular weight; thus, penetration through the 
epidermis is an important matter to apply growth factors for skin rejuvenation.

In the study, microneedle fractional RF was conducted to enhance skin penetra-
tion of hESC‐EPC CM, which creates 300‐μm pin‐hole wounds. It was confirmed 
that proteins in hESC‐EPC CM could penetrate the epidermis directly when com-
bined with microneedle fractional RF. It is expected that the presence of hESC‐
EPC CM in the dermis shows direct effects to dermal extracellular matrix and 
enhances wound healing following fractional RF.
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The study demonstrated that combined treatment of microneedle fractional RF 
and hESC‐EPC CM showed better results in patient satisfaction scores, investiga-
tor evaluations, skin roughness measured by Visiometer, and histologic increase of 
collagen than microneedle fractional RF–only treatment. It was concluded that 
microneedle fractional RF is a safe and effective treatment in Asian skin rejuvena-
tion, and combined treatment of microneedle RF and stem cell conditioned 
medium showed a synergistic effect on skin rejuvenation [6].

Role of platelet‐rich plasma

Skin needling efficacy depends on its capacity to induce neocollagenesis and the 
wound healing process in the upper dermis. Furthermore, skin needling provides 
a clear channel for topical agents to be absorbed more effectively through the top 
layer of the skin, such as the platelet‐rich plasma (PRP).

PRP is defined as an autologous concentration of platelets in a small volume of 
plasma and it was initially developed in the 1970s. Plasma is rich in platelets, stem 
cells, and growth factors, and this stimulates the skin to produce more collagen. 
Platelets were thought to act exclusively with clotting. However, platelets also 
release many bioactive proteins responsible for attracting macrophages, mesen-
chymal stem cells, which not only promotes removal of necrotic tissue, but also 
enhances tissue regeneration and healing.

A split‐face, prospective clinical trial was done, comparing skin needling fol-
lowed by PRP treatment and skin needling treatment alone in patients with post‐
acne scarring. Thirty‐five patients with post‐acne scarring were included in the 
study. All the patients received four sequential treatments of skin microneedling 
using a dermaroller alone on the right side of the face, and skin microneedling 
followed by topical application of PRP on the left side of the face, with an interval 
of three weeks.

The area of interest was anesthetized using a thick application of topical anes-
thetic cream (EMLA) for about 30–45 minutes before the procedure. After prepa-
ration of the area with antiseptic and saline, the skin was stretched with one hand, 
and perpendicularly, rolling was done five times each in the horizontal, vertical, 
and oblique directions with the other hand. The treatment endpoint was identified 
as uniform pinpoint bleeding, which was easily controllable. Postprocedure, the 
area was cleansed with saline and ice packs were used for comforting the patient. 
Thereafter, the patient was advised to use a topical antibiotic, use sunscreen regu-
larly, and follow sun‐protective measures.

For PRP, 10 ml of autologous whole blood was collected into tubes containing 
acid citrate dextrose (ACD) and centrifuged at 2500rpm for 10 minutes in order to 
get PRP at the top of the test tube. Then, the PRP was further centrifuged at 3500 
rpm for 10 minutes at room temperature of 22 degrees C in order to obtain a 
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platelet‐rich count. Platelet‐poor plasma (PPP) was partly removed and partly 
used to resuspend the platelets. Calcium gluconate was added as an activator (1:9), 
i.e. 1 ml of calcium gluconate in 9 ml of PRP.

PRP is an autologous preparation of platelets in concentrated plasma, and con-
tains a mixture of bioactive agents derived from both platelets and plasma. Various 
growth factors, including platelet‐derived growth factor (PDGF), transforming 
growth factor (TGF), vascular endothelial growth factor (VEGF), and insulin‐like 
growth factor (IGF), are secreted from the α‐granules of concentrated platelets 
activated by aggregation inducer, which are very important in tissue remodeling, 
promoting connective tissue healing by upregulating collagen and protein synthe-
sis. The study showed that there was a significant improvement of atrophic acne 
scars both on the side treated with skin needling alone (p values was < .001) as well 
as on the side treated with skin needling and PRP (p values was < .001); however, 
p values of comparing total results of both sides showed an insignificant difference 
denoting that both procedures gave comparably close results. Regarding patient 
satisfaction grades, there was a significant improvement after both treatment 
modalities, with insignificant differences between the two treatment modalities.

The patients experienced significantly less erythema and edema and less overall 
downtime in the side that was treated with skin needling and PRP as comparing to 
other side treated with skin needling alone. PRP was used for improving acne scars 
by increasing the healing mechanism, by accelerating tissue repair after skin nee-
dling, and by reducing adverse effects such as prolonged erythema [7].

Role of vitamin a and vitamin c

Vitamin A, a retinoic acid, is an essential vitamin (actually a hormone) for skin. It 
expresses its influence on 400–1000 genes that control proliferation and differen-
tiation of all the major cells in the epidermis and dermis. Retinyl esters are the 
main form of vitamin A in the skin and for this reason topical vitamin A is applied 
in its ester forms (retinyl palmitate and retinyl acetate), with little use of retinol or 
retinoic acid directly. Vitamin C is also essential for the production of normal col-
lagen. PCI and vitamin A switch on the fibroblasts to produce collagen and there-
fore increase the need for vitamin C.

Vitamin A may control the release of transforming growth factor (TGF)‐3 in 
preference to TGF‐1 and TGF‐2 because, in general, retinoic acid seems to favor 
the development of a regenerative lattice‐patterned collagen network rather than 
the parallel deposition of scar collagen found with cicatrization. TGFβ plays an 
enormous role in the first 48 hours of scar formation. Whereas TGFβ1 and TGFβ2 
promote scar collagen, TGFβ3 seems to promote regeneration and scarless wound 
healing with a normal collagen lattice. The ideal treatment of scars should be to 
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promote regeneration rather than cicatrization, and this could offer our patients 
the result they are hoping for [8].

Since it is well known that vitamins A and C are vital for production of new col-
lagen and protection of existing collagen, it is not surprising that combining 
microneedling with topical antioxidants has been shown to enhance the regenera-
tive process of microneedling‐induced wound healing. Pretreatment priming of 
the skin with antioxidants may also serve to increase gene and protein expression 
responsible for skin regeneration. Caution is advised with concomitant use of top-
ical products of any type during a microneedling procedure due to the risk of 
granuloma formation. In a case series published in 2014, three patients developed 
biopsy‐proven foreign‐body‐type granulomas after the application of topical vita-
min C during microneedling. Subsequent patch testing in these patients demon-
strated a positive hypersensitivity to various chemicals within the topical vitamin 
C formulation [9].

The use of topical medications with or immediately after a microneedling pro-
cedure may increase the incidence of adverse effects because of the creation of 
channels within the epidermis and dermis that act as gateways into the body, 
allowing for the development of an immune response to immunogenic particles.

It is, thus, imperative to counsel patients on the avoidance of nonprescribed 
skincare products for the first week after the microneedling procedure as these 
may potentially induce a local or systemic hypersensitivity reaction. In addition, 
physicians need to use extreme caution when applying topical agents to the skin 
immediately after the microneedling session to avoid such complications [10].

General considerations: pretreatment, during treatment, 
and post‐treatment

All patients may continue the use of any home skincare regimen (including reti-
noids, antioxidants, and growth factors) up until the time of the procedure. Oral 
anticoagulants do not need to be discontinued as the risk of uncontrollable bleed-
ing during the microneedling treatment is negligible. Since the microneedling 
procedure is often used in combination with other treatments such as injections of 
hyaluronic acid filler and chemical peels and various dermatologic lasers, no 
“wash out” period is necessary before initiation of treatment. It is, however, rec-
ommended that for same‐day treatments, the order of treatments be applied from 
deep to superficial (e.g. injectables before microneedling and/or laser irradiation) 
to maintain visual landmarks and prevent diffusion of injectables caused by tissue 
edema or bleeding.

Although any skin phototype can be treated, it is recommended that treat-
ment be delayed in patients with a history of recent sun exposure (or who are 
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visibly tanned) until all traces of suntan have faded, to avoid post‐treatment 
dyspigmentation.

Meticulous skin preparation is important to decrease the risk of superficial skin 
infections. A gentle skin cleanser to remove makeup and debris from the skin’s 
surface should be used before application of a topical anesthetic cream or gel to the 
treatment area. Typically a compounded 30% lidocaine cream (nonoccluded) is 
applied for 20 to 30 minutes, and removed with water‐soaked gauze and alcohol 
prep immediately before the microneedling procedure.

When the clinical end point of uniform pinpoint bleeding has been achieved, ice 
water–soaked sterile gauze can be applied to remove excess blood. Treatment can 
then be pursued in an adjacent treatment area or quadrant. The use of tap water is 
discouraged because of its possible contamination with pathogenic organisms 
which could potentially increase the risk of infection in the treatment areas. If any 
bleeding persists after cleansing the treatment area, gentle pressure with dry sterile 
gauze should be applied for several minutes. A thin layer of hyaluronic acid gel can 
then be applied to the treatment region and allowed to dry.

For the first four hours after the procedure, the patient is instructed to apply the 
provided sample of hyaluronic acid gel to the skin. After four hours, a 1% hydro-
cortisone cream or a nonallergenic moisturizing cream can be applied to the treat-
ment regions two to four times daily for two to three days. The use of a nonchemical 
(or physical) sunblock with SPF 30 or higher is advocated (on top of the moistur-
izer) during the first post‐treatment week. Application of makeup may be resumed 
two days after the procedure and any active skin care products that the patient 
used pretreatment can be resumed in five to seven days, when all traces of skin 
erythema have been resolved [10].
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Introduction

Microneedling (MN), also known as percutaneous collagen induction (PCI) 
therapy, is a relatively new minimally invasive procedure involving superficial skin 
puncture by rolling multiple miniature fine needles into the skin [1]. In a short 
period of time, this procedure has gained popularity and acceptance in many 
treatment modalities as it is a simple, safe, cost‐efficient, and effective technique 
with minimal training required [2]. It can be done on all skin types because it does 
not target specific chromophores in the skin and there is no thermal energy activa-
tion involvement. Therefore, MN has a minor effect on pigmentation. It decreases 
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Key points

•	 Microneedling (MN) is an evolving treatment that has been studied in 
hyperpigmentation disorder.

•	 MN modalities can be effectively used as monotherapy or combination therapy.
•	 MN can be used as powerful drug‐delivery treatment.
•	 MN carries a decreased risk of side effects compared to traditional skin resurfacing 

modalities. It offers greater safety than other modalities for patients with skin of color 
[Fitzpatrick skin types (FST) IV‐VI].

•	 There is no evidence‐based guideline presently established for the use of microneedling 
in treatment of hyperpigmentation
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the risks for postinflammatory hyper/hypopigmentation (PIH) and dyspigmenta-
tion compared to traditional skin resurfacing modalities, including lasers, 
dermabrasion, and chemical peels [3, 4]. The risks of infection and scarring are 
relatively low in MN procedures compared to traditional ones because MN keeps 
the epidermis partially intact and the remaining skin barrier accelerates the recov-
ery healing phase [3, 5]. Because of MN carries a decreased risk of these potential 
complications, it becomes a favorable treatment in patients with skin of color 
(Fitzpatrick skin types (FST) IV‐VI) [3].

MN has been reported as a successful treatment modality for many dermato-
logic conditions such as skin rejuvenation, rhytids, striae, active acne, acne 
scaring, surgical scaring, enlarged pores, androgenic alopecia, alopecia areata, pri-
mary hyperhidrosis, striae distensae, and transdermal drug delivery [2, 4, 6, 7]. 
Furthermore, pigmentations including melasma and periorbital hypermelanosis 
are among the indications that have gained a lot of attention recently [8–12]. 
Apart from dermatologic and aesthetic conditions, MN has been explored for 
other modalities, including photodynamic therapy, allergy testing, biological fluid 
sampling, and vaccination [13–15].

Principle and mechanism of action of microneedling

The basic principle of MN procedures is the repetitive application of the device 
with needles of length between 0.5 and 1.5 mm on the skin, with multiple direc-
tions to generate transient epidermal and dermal pores ranging from 25 to 3,000 
μm in depth in order to upregulate normal skin synthesis and minimize the risk 
of inflammation or trauma which may produce fibrosis [16]. The range of MN 
devices has expanded in recent years and now includes powered pens and roll-
ers, with microneedles ranging in length from 0.25 to 3.0 mm [17]. After an MN 
procedure, the generation of microchannels induces a skin injury with slight 
epidermal damage and stimulates the dermal wound healing cascade, including 
inflammation, proliferation, and remodeling. As a result, many growth factors 
are released, such as platelet‐derived growth factor (PDGF), fibroblast growth 
factor (FGF), transforming growth factor alpha (TGFα) and transforming 
growth factor beta (TGFβ) [18, 19]. Neocollagenesis, elastin synthesis, and neo-
vascularization occur due to fibroblast proliferation and migration [1, 20, 21]. A 
fibronectin network is generated five days after injury, providing a deposition of 
type III collagen that is ultimately replaced by collagen type I over weeks to 
months, contributing to skin tightening clinically as well as scar and rhytids 
reduction [18, 22]. The 500–600 μm depth of 1.5 mm–length needles is suitable 
for induce neocollagenesis [2]. There is also upregulation of glycosaminoglycans 
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(GAGs) and diverse growth factors such as vascular endothelial growth factor 
(VEGF), epidermal growth factor (EGF), and FGF‐7 [18, 19]. Aust et  al. also 
demonstrated that TGFβ3 is upregulated, which encourages regeneration and 
scarless wound healing. The ratio of TGFβ3 to TGFβ1 and TGFβ2, the latter 
being responsible for fibrotic scaring, may partly explain the beneficial basis of 
MN procedure [19].

Aust et al. have studied histological examination after four sessions of MN with 
a monthly interval. They showed that, at the treated areas, there was a 400% 
increase in collagen and elastin deposition at six months postprocedure, with a 
stratum spinosum thickening and normal rete ridges at one‐year follow‐up. The 
treated area appeared to have a normal lattice pattern rather than parallel bundles 
as observed in scar tissue [5].

This MN treatment can be used on its own and combined with topical products 
as an augmented transdermal drug delivery system through these micropores in 
the stratum corneum [23, 24]. Many products are used, such as platelet‐rich 
plasma (PRP) and human embryonic stem cell–derived endothelial precursor cell 
conditioned medium (hESC‐EPC CM), providing extra growth factors to enrich 
collagen production, while other agents, such a minoxidil, depigmenting serum, 
and tranexamic acid enhance their penetration and increase clinical efficacy [24]. 
It also can combine with radiofrequency through fractional radiofrequency (FRF), 
creating thermal injury to the dermis and inducing new collagen synthesis [6, 24]. 
This chapter will focus on microneedling of hyperpigmentation problems through 
different mechanisms.

Hyperpigmentation

In normal skin, the melanocytes are scattered among the basal cell keratinocytes 
with the ratio of 1:10 along the dermoepidermal interface [25, 26]. The melano-
cytes do not keratinize, but their main function is to synthesize, deposit, and 
transport melanin pigments to nearby keratinocytes through melanosomes, the 
unique intracytoplasmic organelle within melanocytes. Melanin absorbs UV 
waves to prevent keratinocytes’ DNA damage [27]. The number of epidermal 
melanocytes is very stable. The major determinant of normal skin color is the 
activity of the melanocytes, such as the quality and quantity of melanin produc-
tion, not the density of the melanocytes. However, proliferation of melanocytes 
can occur under specific conditions. There are limited hyperpigmented condi-
tions in the literature which have been experimented with using MN treatment. 
Melasma and periorbital melanosis have been published, showing various 
improvement [28]. These two hyperpigmented conditions will be further elabo-
rated in this chapter.
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Melasma

Melasma is one of the most common acquired symmetrical hypermelanotic disor-
ders, mostly affecting females with darker skin types [29]. It has a considerable 
negative psychological impact on the patient’s quality of life [30]. Managing mel-
asma is still a difficult challenge due to inconsistent treatment results and frequent 
recurrence despite successful clearance. Melasma is classified as epidermal, der-
mal, and mixed type based upon the primary location of melanin. Recent studies 
revealed that melasma is now considered to be a complex interaction between 
various cells, including epidermal melanocytes, keratinocytes, dermal fibroblasts, 
mast cells, vascular endothelial cells, and sebocytes [31]. It is also thought to be a 
photoaging skin disorder [32]. Many factors trigger melasma, such as sun expo-
sure, genetic influences, hormones (e.g. elevated levels of estrogens and progester-
one, pregnancy, contraceptive pill, and hormone replacement therapy), thyroid 
abnormalities, drugs (e.g. Dilantin, antimalarial drugs, tetracycline, minocycline), 
malnutrition (e.g. B12 deficiency), inflammation, and reactive oxygen species [30, 
33, 34]. Histological changes in melasma are evident in the epidermis, dermis, and 
extracellular matrix. Apart from epidermal pigmentation, which was significantly 
increased in all epidermal layers even in the stratum corneum, its histologic find-
ings include basement membrane thinning and disruption. Antibody to collagen 
type IV immunostaining shows disruption to the basal membrane in melasma 
skin, resulting in facilitating melanocytes and melanin migration to the dermis 
[35]. The ultrastructure of melasma skin also showed that the amount of cytoplas-
mic organelles (e.g. melanosome, mitochondria, microvesicles, endoplasmic retic-
ulum, and Golgi apparatus) inside basal keratinocytes and melanocytes were 
greater, and there was higher structural damage manifested by disruptions, gaps, 
thinning, and lower density of lamina densa and loss of anchoring fibrils in lower 
lamina lucida [36]. Other histologic features in melasma skin included prominent 
solar elastosis, significant increased number of mast cells infiltration located par-
ticularly around elastotic area of melasma skin, increased melanophages and free 
melanin in the dermis, and a significant increase in number of blood vessels, ves-
sel size, and vessel density [35, 37–40]. Sebocytes also produce growth factors and 
cytokines to exert paracrine effects on melanocytes. These histologic features of 
melasma strongly suggest that melasma should not be considered only a disease of 
melanocytes, but rather a complex interaction between various cells. This compli-
cated pathogenesis of melasma leads to difficult management and is likely to recur 
post‐treatment.

Currently, many therapeutic options are available for melasma treatment. These 
modalities include topical, oral, procedural, and combination treatment. Each one 
is aimed at diverse aspects of the pathogenesis of melasma, consisting of pigmen-
tation, inflammation, vascularity, and photodamage [41]. Topical depigmenting 
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agents, including photoprotection, are typically used as the main therapy for 
melasma. The most common agent use is hydroquinone (HQ), which inhibits 
melanin production through competitive inhibition of tyrosinase, and prevents 
the conversion of DOPA to melanin [42]. However, concomitant use of different 
topical therapies with various mechanisms of action should be considered more 
than monotherapy. MN was investigated as a possible treatment for melasma due 
to its advantage of avoiding the risks of pigmentation changes when compared to 
other therapeutic alternatives, including dermabrasion, laser treatment, and 
chemical peelings [3, 28, 43]. This procedure offers a higher safety profile in the 
skin of patients of color [3].

Microneedling in melasma

There is no evidence‐based guideline presently established for the use and effi-
cacy of MN on melasma patients. There are various protocols with inconsistent 
progression. In daily clinical practice, this MN treatment has been used with a 
variety of approaches depending on physician preferences. Despite the afore-
mentioned fact, clinical improvement has been observed with the use of both 
MN alone and as a drug‐delivery enhancement. It is also a common use in the 
population of people of color for the treatment of hyperpigmentation 
disorder.

A quasiexperimental study by Cassiano et al. demonstrated the early histologi-
cal changes of the MN effects alone on melasma. Seven days after one session with 
1.5 mm–length microneedles, there was a significant reduction in melanin den-
sity, pendulous melanocytes, and basement membrane damage. It also induced 
slight epidermal hyperplasia, fibroblast proliferation, subepidermal deposition of 
GAGs and fibrin, neocollagenesis, and increase in Ki67 marked keratino-
cytes – which means that MN has promoted early changes in the epidermis and 
upper dermis, leading to the reversal of some structural modifications in melasma. 
In addition, this modified environment disfavors the contact of melanocytes with 
dermal released melanogenic stimuli such as stem‐cell factor, endothelin‐1, and 
hepatocytes growth factor [11]. Other histological findings were shown in a pilot 
study of six recalcitrant melasma patients. Among those with more than five years 
of disease evolution that has relapsed after at least three attempts at treatment, the 
histopathology between baseline treatment to 15 days after two sessions at 30‐day 
interval with 1.5 mm–length microneedles treatment demonstrated that all cases 
have epithelium thickening, epithelial melanin pigmentation reduction, upper 
dermis collagen densification (p = 0.03), and basement membrane restoration. 
The clinical evaluation showed a significant reduction in Melasma Area and 
Severity Index (MASI) score, Melasma Quality of Life Scale (MELASQoL),and 
increase in luminance colorimetric value (p < 0.03). All patients were followed for 
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six months with use of daily broad‐spectrum sunscreen and triple combination 
(Tri‐Luma, Galderma) application, without relapse [10].

MN combination treatments have also been evidenced to aid the improvement 
of treatment of recalcitrant melasma. The combination treatment study was con-
ducted in 22 melasma patients, who were unresponsive to topical lightening agents 
and sunscreen, with two sessions of 1.5 mm–length microneedles, 30‐day interval. 
The treatment was performed with back‐and‐forth movements, about 10 times in 
each of four different directions, resulting in diffuse erythema and discrete punc-
tuated bleeding. Every patient was instructed to use depigmenting agent 0.05% 
tretinoin + 4% hydroquinone + 1% fluocinolone acetonide and sunscreen with 
SPF 60 daily starting 24 hours post‐procedure. There were no serious side effects 
and the treatment was well tolerated. All patients were responsive to the treatment 
and reported satisfaction with the results [9].

A split‐face trial of 16 women with recalcitrant dermal‐ or mixed‐type melasma was 
conducted to compare two treatments: (i) using the combination of the low‐fluence 
1064 nm Q‐switched neodymium‐doped yttrium aluminum garnet (QS‐Nd:YAG) 
laser with vitamin C (Redoxan‐C™) and 1.5 mm and 0.5 mm–length microneedles 
(Dermapen™) for cheeks and periorbital areas, respectively, on one side of the face, and 
(ii) using QS‐Nd:YAG 1,064 nm alone on the other side of the face – both for a series 
of four monthly treatments. The evaluations showed that the combination treatment 
group has a significantly lower mean MASI score and better treatment response while 
the adverse effects and recurrence rates were no different. It was suggested that the 
QS‐Nd:YAG laser increased blood circulation in the dermis, resulting in an enhance-
ment of the mechanical effect of MN to promote vitamin C penetration [12].

Enhancing the drug delivery effect is also a common purpose for melasma treat-
ment, particularly in skin of color [3]. The stratum corneum, which is the outer-
most layer of the epidermis, serves as a major role in this application. It ranges 
from 10 to 20 microns in thickness and consists of a semipermeable laminated 
surface aggregation of keratinized squamous epithelial cells embedded in an inter-
cellular lipid matrix of mainly fatty acids, cholesterol, cholesterol sulfate, and cera-
mides [44]. Its function serves as a physiologic barrier to microbiologic invasion 
and chemical penetration from the environment, as well as a barrier to fluid and 
solution. As the result, the stratum corneum is the main barrier to the drugs’ per-
cutaneous absorption and significantly restricts the drugs’ transdermal delivery. 
Therefore, drug molecules must be low molecular weight and/or small in size as 
well as be lipophilic molecules due to their deeper penetration than hydrophilic 
ones [45, 46]. Many skin penetration enhancement techniques have been devel-
oped to improve transdermal drug delivery, physically or chemically, including 
electroporation, sonophoresis, and iontophoresis, which support the stratum cor-
neum layer permeability [47–50]. Drugs and agents can be applied topically after 
channels are created by microneedling or can be simultaneously infused during 
microneedling (DermaFrac™ device, Genesis Biosystems) [3].



58  Chapter 5

Various depigmenting agents have been used, such as vitamin C, antiaging serum, 
rucinol, sophora‐alpha, and tranexamic acid. Theoretically, vitamin C interacts with 
copper ions at the tyrosinase‐active site, resulting in inhibiting the tyrosinase enzyme 
and thereby reducing melanin synthesis [51]. Tranexamic acid (TA) is a plasmin 
inhibitor that prevents fibrinolysis and reduces blood loss. Its primary used for 
melasma treatment was described by Nijor in 1979 [52, 53]. Tranexamic acid is a 
synthetic lysine derivation and exerts its effect by blocking the plasminogen‐lysine 
binding site reversibly, thus inhibiting the plasminogen activator from converting 
plasminogen to plasmin [54]. Plasminogen exists in human epidermal basal cells 
and can be induced by ultraviolet radiation, leading to melanogenesis. According to 
the antiplasmin activity of tranexamic acid, it inhibits melanin synthesis by decreas-
ing the level of alpha‐melanocyte stimulating hormone (α‐MSH) [41].

Tranexamic acid also has a similar structure to tyrosine, thereby competitively 
inhibiting the tyrosinase enzyme activity [9]. Furthermore, one study has shown 
that tranexamic acid can reduce the levels of endothelin‐1 and VEGF, which 
causes the vascularity in melasma [41, 55]. Various routes of administration, 
including oral, topical, and intradermal microinjections of tranexamic acid, have 
been studied as a treatment for melasma, with successful results [54, 56–58]. 
However, the mechanism of skin lightening via MN is not yet well established.

Ismail et al. conducted a study of 30 female melasma patients, with six treatments 
of MN with vitamin C transdermal delivery every two weeks [59]. A dermaroller 
with 540 fine titanium microneedles of 1.5 mm length was rolled about 10 passes 
in each direction or until pinpoint bleeding was shown. A 20% pure L‐Ascorbic 
acid from Fusion Mesotherapy Company was applied immediately after the MN 
procedure. All patients were instructed to use regular sunscreen with sun protec-
tive factor of at least 50 and to avoid going out in strong sunlight. The results 
showed that every patient had improved clinically at the end of sessions. The 
MASI score decreased significantly compared to the last session (p < 0.0001).

A comparison split‐face study by Fabbrocini et al. on the combination treatment 
of MN using a dermaroller with 0.5 mm–length microneedles plus depigmenting 
serum (containing rucinol and sophora‐alpha) versus the depigment serum alone 
was conducted in 20 patients (FST II‐V). The results achieved after two sessions 
with one‐month interval were assessed. The side of the face that received the com-
bination treatment of MN and depigmenting serum exhibited erythema and 
swelling for a few days. No serious side effect was reported. At the first treatment, 
each patient was instructed to use the home dermaroller (Dermaroller™ Model C8, 
0.13 mm) on the combination side of the face and then apply a standardized 
amount of the depigmenting serum immediately once a day, every day for two 
months to achieve better results. Broad‐spectrum sunscreen was applied routinely 
on the whole face. The result showed that combined‐treatment side had a statisti-
cally significant reduction in MASI score and luminosity index (L) measured by 
spectrocolorimeter compared to the side treated with depigmenting serum mono-
therapy alone. The clinical symptoms were significantly improved [60].
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Another randomized controlled trial conducted by Budamakuntla et al. was 
done to compare the tranexamic acid microinjections alone to the combination 
treatment of MN and tranexamic acid in 60 patients (FST IV‐V) with moderate 
to severe melasma. The procedure was done three times with a four‐week inter-
val and followed up for three consecutive months. The result showed a 44.41% 
improvement in MASI scores in the combined MN group compared with 
35.72% improvement in MASI scores in the microinjection‐alone group. 
Furthermore, at the last follow up more than 50% clinical improvement was 
shown in 26.09% of patients in the microinjections group, compared with 
41.38% of patients in the combined‐MN group [61]. No adverse effects were 
reported in this study.

All the studies showed favorable outcomes with the combination modalities. 
Adverse effects included mild discomfort, burning sensation, itching, transient 
erythema, and edema [23, 24, 28]. However, in all these studies there was a dis-
crepancy in treatment protocol, microneedle devices, needle size, applied formu-
lation, and pre‐ and post‐care treatment, which possibly affected the clinical 
outcomes [62].

Periorbital melanosis

Periorbital melanosis presents with dark circles under both eyes occurring after 
puberty or in early childhood. It has multifactorial pathogenesis, including genetic 
predisposition, dermal melanocytosis, postinflammatory pigmentation secondary 
to atopic or allergic contact dermatitis, excessive or superficial location of vascula-
ture, hormonal abnormalities, pigmentary demarcation lines, shadowing due to 
skin laxity, and tear troughs associated with aging [63–65]. It is commonly found 
in dark‐skinned patients, especially Asians. This condition is a cosmetic concern 
for many patients, as it gives a sad or tired look [66]. Many treatment modalities 
have been tried with variable success, including topical agents [67], chemical peels 
[68], laser treatment [69], and fat grafts [70]. None of these treatments give con-
sistent effective results [71].

Microneedling in periorbital melanosis

Microneedling therapy has shown success in treatment of periorbital melanosis. 
There was a one case report of male patient (FST V) using the combination of  
0.25 mm MN with simultaneous vacuum‐assisted serum infusion of active ingre-
dients and DermaFrac treatment, which included antiaging serum (containing 
myristoyl pentapeptide 17 sympeptide, acetyl octapeptide‐3 SNAP8, palmitoyl 
pentapeptide‐4matrixyl, acetyl hexapeptide‐8 argirilene, and tripeptide syn‐ake) 
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and whitening serum (containing kojic acid). Per the Physician Global Assessment 
scale, there was 50–75% improvement after four sessions and 75–90% improve-
ment after 12 sessions [71]. There were no side effects described in this study. The 
author postulated that the improvement may be secondary to the better skin 
hydration and the induction of new collagen and elastin synthesis may have less-
ened the visibility of dermal pigment [71]. Another study report of the combina-
tion of MN and 10% trichloroacetic acid (TCA) peels in 13 patients were explored 
using automatic 0.5–1 mm–length microneedles of the microneedle therapy sys-
tem Handhold (AMTS‐H  –  Mcure Co., Ltd) followed by topical application of 
10% TCA solution to each infraorbital area for five minutes. Almost all patients 
(92.3%) showed significant improvement (fair or better) on both physician and 
patient global assessment. There was no recurrence at four months [66]. Transient 
side effects, including mild discomfort, edema, and erythema, were reported. No 
hyperpigmentation, hypopigmentation, or scarring was observed during monthly 
follow‐up [66]. In this study, even the low TCA concentration could reach the 
dermis because TCA molecules penetrate fast (due to their very lipophilic nature) 
after the increased epidermal permeability from MN [72].

Microneedling with biological agents for hyperpigmentation 
disorder

Topical biological agents used with MN include platelet‐rich plasma (PRP), 
acellular extracted growth factors, stem cell–targeted small proteins, cultured or 
extracted bone marrow–derived mesenchymal cells [73], and small peptides that 
target existing banks of quiescent stem cells [74]. None are FDA approved for this 
purpose, due to the difficulty in measuring efficacy of these treatments – including 
the differences in the manufacturing and processing of these biological proteins, 
which affect the efficacy [74]. Currently, no published studies address the poten-
tial toxicity of these topical agents applied to skin treated with either MN or ther-
mal needling [74].

The uptake of these drugs through damaged skin can be upward of 10 times the 
systemic concentration over drugs taken orally or applied to intact skin [74]. The 
study done by Haak et al. demonstrated the increased uptake of dermaceutical com-
pounds after MN [75]. Kalluri et al. also showed that nonthermal microchannels 
close at about four to five hours postinjury, when a fibrin plug is formed [76, 77]. 
Although nonthermal needling channels close after several hours, thermal needling 
creates an injury similar to a subepidermal sponge, according to Oleson et al. [77]. 
The vehicle type of the topical agent directly affects the degree of uptake. Gel‐like 
substances are somewhat inhibited due to their physical properties, whereas thinner 
liquids seem to be better absorbed [74, 77].
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Microneedling with platelet‐rich plasma (PRP)
PRP is developed by enriching plasma with an autologous high concentration of 
platelets derived from whole blood [17, 78]. Normal platelet levels in blood range 
from 150,000 to 400,000 platelets/μl or 150 to 400 × 109/L. PRP is targeted to pre-
pare a platelet count greater than 1,000,000 platelets/μl, based on the studies show-
ing the level of healing enhancement in bone and soft tissue [79]. Most of the PRP 
preparations in today’s market provide a concentration that is four to eight times 
higher than that of peripheral blood [80].

PRP has multiple uses in dermatology, such as for androgenic alopecia, scar 
revision, acne scarring, skin rejuvenation, dermal augmentation, striae distensae, 
skin aging, wrinkles, melasma and dyspigmentation, hair transplantation surgery, 
and periocular circles [81]. Even though, up to date, our knowledge regarding the 
PRP mechanism in melasma improvement is limited, there is clinical evidence in 
favor of using PRP as a new therapeutic option in melasma. Several studies 
addressed the therapeutic effect of PRP in melasma treatment – either monother-
apy or combination with other modalities [82–84]. Recently, there was a rand-
omized, split‐face, single‐blinded prospective pilot study in 10 female Asian (Thai) 
patients with bilateral mixed‐type melasma. The subjects underwent four treat-
ment sessions every two weeks, with intradermal PRP injections on one side of the 
face (PRP condition) and normal saline on the other (control condition). The PRP 
injection side significantly improved melasma within six weeks in terms of modi-
fied MASI (mMASI) scores, patient satisfaction, and Antera®‐assessed melanin 
levels. Side effects of treatment were mild and resolved spontaneously within a few 
days [85].

In Asia, Melasma is one of the most common skin disorders in daily practice. 
Its recalcitrant nature makes it difficult to overcome. With clinical evidence of 
the efficacy of using PRP in melasma together with the benefits of MN on Asian 
skin, this combination forms a great duo to auspiciously tackle melasma. (See 
Figure 5.1.)

The attractive component of PRP is its high concentration of growth factors 
[17]. PRP may act through a degranulation of the α‐granules. There are more than 
30 bioactive substances in these granules [86]. Upon platelet activation, many 
growth factors are released, such as epidermal growth factor (EGF), transforming 
growth factor beta (TGFβ), and platelet‐derived growth factors (PDGF). These 
factors helps to regulate the proliferation and the differentiation of effector cells 
[87]. TGFβ aids in basement membrane healing by laminin, collagen IV, and 
tenascin. Both EGF and TGFβ1 inhibit melanin synthesis. TGFβ1 has an effect on 
melanogenesis by the reduction of the activity of tyrosinase and microphthalmia‐
associated transcription factor (MITF) promoter, plus decreased tyrosinase‐
related protein production. Moreover, TGFβ delays the activation of extracellular 
signal‐regulated kinase (ERK) at six hours instead of in minutes like other growth 
factors [88]. Lastly, TGFβ also can inhibit the expression of paired‐box homeotic 
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gene (PAX 3), which is a key regulator of UV‐induced melanogenesis [89]. EGF 
decreases melanogenesis by inhibiting PGE2 and tyrosinase [90]. PDGF stimu-
lates collagen synthesis and the extracellular components, particularly hyaluronic 
acid, leading to increase in skin volume by increasing the formation of blood ves-
sels, collagen, and components of the extracellular matrix, including hyaluronic 
acid [90]. When the volume of the skin increases, it may obscure the dyspigmenta-
tion, showing more glowing skin [90]. Several studies have demonstrated that 
there is a significantly higher regression in epidermal hyperpigmentation than 
mixed type with PRP treatment [82]. A lower percentage of improvement in the 
higher Fitzpatrick skin phototype (V) and the more resistant mixed type of mel-
asma have been found [83, 84, 91].

Hofny et al. studied the comparison of PRP delivery through MN using a der-
mapen versus microinjections using mesoneedles. The study demonstrated an 
excellent improvement by a significant decrease in the baseline MASI and mMASI 
scores in both epidermal and mixed types of melasma following PRP treatment, 
with no significant difference in the degree of improvement between the two 
application approaches [84].

There was one report of the study using the autologous human platelet rich 
fibrin (PRF‐L) for exogenous ochronosis (EO). Three cases of EO were treated 

(a) (b)

Figure 5.1  (a) Before treatment picture of mixed type melasma in 39‐years old Thai female 
patient. (b) After 3‐weeks treatment picture of same patient after one session of the combination 
of microneedling treatment with platelet‐rich plasma (PRP). Moderate improvement was shown. 
(3D LifeVizⓇ Mini, Quantificare, Valbonne, France). Source: Anchalee Srinakorn.
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with a split‐face approach, where PRF‐L was applied right before MN treatment 
on one side and intradermal injections were administered on the other side. The 
treatment was done every two weeks for eight weeks. The improvement was meas-
ured with a 10‐point grading scale and dermoscopic examination, plus a five‐point 
grading scale to assess patient satisfaction. All three patients demonstrated signifi-
cant improvement and were very satisfied in the fourth week of treatment [92].

Microneedling with cell‐based therapies and stem cell 
conditioned medium
Cell‐based therapies using one’s own body’s stem cells and growth factors for 
repairing damaged tissue and skin rejuvenation are emerging as innovative antiag-
ing treatments, and the development of targeted peptides or small proteins to 
stimulate the existing stem cells has also been explored since 2015. Even though 
the use of adipose‐derived stem cells (ADSCs) has been restricted by federal regu-
lations in most countries, some Asian countries have been using ADSCs for skin 
rejuvenation and treatment of hyperpigmentation.

Stem cells may have a benefit on tissue regeneration through complex parac-
rine effects in addition to their proposed direct cellular mechanism [93]. 
Furthermore, stem cells themselves synthesize and secrete a variety of growth 
factors, cytokines, extracellular matrix proteins, and other bioactive proteins that 
help in tissue regeneration and healing processes, including regulating the func-
tion of individual stem cells [93, 94]. Animal studies in mice from China have 
demonstrated that the transplanted bone marrow–derived mesenchymal stem 
cells (BM‐MSCs) differentiate into functional cells and play paracrine roles to 
recruit more endogenous cells for tissue remodeling in the initial stage of wound 
healing [73]. Recently, topical bone marrow–derived stem cells from multiple 
sources has been reported [74]. Mesenchymal stem cells from adipose tissue, 
ADSCs, show multi‐lineage developmental plasticity and are similar to bone 
marrow–derived mesenchymal stem cells (BM‐MSCs) with respect to surface 
markers and gene profiling [95]. Additionally, both stem cell types produce and 
secrete various cytokines, such as vascular endothelial growth factor (VEGF), 
hepatocyte growth factor, and transforming growth factor (TGF), which are the 
key stem cell functions exhibiting diverse pharmacological actions [95]. 
Particularly, TGFβ has a well‐documented role in the regulation of melanocytic 
homeostasis [96]. Due to its abundance and own body’s cells, ADSCs have been 
shown to be a promising source for regenerative clinical application. They have 
also been used in disorders of pigmentation.

The rationale of using ADSCs)in hyperpigmentation was based on a report of its 
whitening effect using in vitro culture approaches [95]. There is interaction between 
epidermal melanocytes and stromal cells regulating the skin pigmentation. Jeon 
et al. evaluated the effect of ADSCs on UVB‐irradiated mouse skin, which demon-
strated that there was a suppression of skin pigmentation and reduction of skin 
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thickness following UVB irradiation in the ADSCs‐injected side of the face in this 
split‐face study. The tyrosinase activity and melanin content of the ADSCs‐injected 
side were significantly reduced [97]. Klar et al. reported that substituting ADSCs 
for dermal fibroblasts alters pigmentation of engineered skin grafts [98]. This study 
highlighted the negative influence of adipose mesenchymal cells on the pigmentary 
compartment within skin equivalents, even with sufficient epithelial regeneration 
[98]. Additionally, it showed that melanocytes responded to the increased levels of 
TGFβ1 by downregulating the tyrosinase enzyme, which leads to decreased mela-
nin synthesis and reduction in pigmentation [98]. TGFβ signaling has been shown 
to play a crucial role in controlling melanocyte stem cell return to quiescence in the 
early anagen phase of the hair follicle cycle [99]. The quiescent state includes sup-
pression of MITF and its melanogenic targets. The ADSCs‐derived TGFβ acts as an 
antagonist to melanocytic differentiation and could responsible for the hypopig-
mentary effects [99].

Conditioned media (CM) from cultured adipose mesenchymal cells (ADSC‐
CM) has been used for skin rejuvenation. A study by Kim et al. revealed the 
inhibition of the melanin synthesis and tyrosinase activity in a dose‐dependent 
pattern with ADSC‐CM treatment in B16 melanoma cells. The results of this 
study indicated that secretory factors of ADSC inhibit melanin synthesis by 
downregulating the expression of tyrosinase and TRP1, which are mainly medi-
ated by TGFβ1 [95]. The hESC‐EPC CM was reported in inhibition of the mel-
anogenesis in B16 melanoma cells demonstrating the whitening effects [94, 
100]. This biologic substance could lead to improvement in abnormal pigmen-
tation. The hESC‐EPC CM helps increase wound tensile strength and speed the 
process of wound healing by significantly enhancing the migration and prolif-
eration of dermal fibroblasts and epidermal keratinocytes and increasing col-
lagen synthesis [94, 101]. In vitro, It has been shown that hESC‐EPCs also 
secrete high level of growth factors, cytokines, and chemokines such as EGF, 
bFGF, fractalkine, GM‐CSF, IL‐6, IL‐8, PDGF‐AA, and VEGF, which are 
important in normal angiogenesis and wound healing [94, 101]. Their pharma-
cological actions significantly improved the proliferation and migration of der-
mal fibroblasts and epidermal keratinocytes and increased collagen synthesis 
[101]. These properties could lead to antiaging effects [102]. However, most of 
these growth factors are large hydrophilic molecules greater than 20 kDa while 
hydrophilic molecules larger than 500 Da have poor penetration to the stratum 
corneum [103]. The MN procedure enhancing skin penetration could be one 
alternative to bring these growth factors into the dermis to create pharmaco-
logical effects.

A 12‐week double‐blind randomized controlled split‐face study by Lee et  al. 
investigated the effects of the secretory factors of hESC‐EPC on aged skin in 25 
Asian women. Each side of the face was randomly allocated to hESC‐EPC CM 
or  saline. A 0.25‐mm microneedle roller was used to enhance penetration. 
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Five treatment sessions were repeated at two‐week intervals. The Physician Global 
Assessment of pigmentation and wrinkles after the treatment showed statistically 
significant improvement on the side that received a combination of MN and 
hESC‐EPC CM compared to MN alone (p<0.05). Mexameter® and Visiometer® 
also revealed statistically significant effects of MN and hESC‐EPC CM on both 
pigmentation and wrinkles (p<0.05). The side effects were minimal; mild 
desquamation was reported in one patient [94]. This study demonstrated the 
efficacy of the soluble factors of stem cells on skin rejuvenation in vivo. Conditioned 
media from cultured adipose mesenchymal cells also suppressed expression of 
melanocytic genes. The study demonstrated the decreased numbers of MITFþ 
melanocytes in dermal equivalents when ASCs are included. There was a dimin-
ished expression of the differentiated melanocytic factors tyrosinase, TRP1, 
and Sox9. The melanocyte antagonists exhibited strong expression of TGFβ1 by 
these cells [94].

Microneedling technical and clinical considerations

Devices
Nonthermal MN devices come in three main types: stamps, rollers, and motorized 
pens. Each type has its own advantages and disadvantages The original dermal 
roller devices comprise evenly distributed needles affixed to a drum‐shaped roller 
[74]. There is different needle size which operators can choose to match skin 
pathology.

Nowadays automated devices have developed for higher safety and efficacy. The 
devices have evolved to include corded and battery‐powered pens (Figure  5.2), 
simultaneous vacuum and drug application, and needling rollers connected to a 
bottle from which a drug or active solution can be pushed into the skin while nee-
dling (Figure 5.3). These automated devices (Figure 5.4) offer more variation in 
number of needles, needle length, and speed, which allows operators to choose the 
appropriate needle and speed for each treatment.

Needle depth (0.25–3.0 mm) and speed can be customized to the pathology and 
treatment purpose. The sterilized cartridges are disposable, and contain between 
6 and 36 needles, depending on the device [74]. Most needles’ diameter is 30–33 
gauge. The needles oscillate rapidly at either fixed or adjustable frequency. The 
specially designed tip is small (often 5–12 mm in diameter) and therefore it’s easy 
to treat the narrow curves and contours on each part of the face. Some devices also 
have a tilting needle plate which allows even easier access to difficult areas with 
low epidermal trauma. This special design helps the tip to adapt to any surface of 
the skin and assure perpendicular needle penetration. It offers gentle but steady 
velocity of automated movements which more effectively and reliably penetrate 
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the epidermis into the deep dermis, producing favorable results. The discomfort is 
much less at higher speeds versus lower speeds. There is less risk for needle stick 
or needles retracting when the needles are off the skin. With proper technique, it 
minimizes the risk of skin maceration or shearing. The sterility is ensured by 
single‐use disposable cartridges. In addition, some devices have a special design of 
the safety membrane to prevent backflow of liquid, eliminating risk of contamina-
tion of the handpiece. Therefore, it is very important to choose only FDA‐approved 
devices for MN treatment for reliable, safe, persistent, and effective results.

Disposable protective sheath

Adjustable length needles

Medical grade housing
Single-use, sterile needle
cartridge vented to reduce
pressure

Figure 5.2  Automated microneedling pens. Source: CANDELA CORPORATION. https://
candelamedical.com/na/provider/product/exceed‐microneedling.

Figure 5.3  Needling roller (hydroroller) with a bottle connection to combine substance delivery 
during needling. Source: Atchima Suwanchinda.
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Clinical considerations

•	 The devices are chosen according to operator preferences. Regardless of device, 
the MN treatment principles are similar and involve running needles vertically, 
horizontally, and diagonally under even pressure. Multiple passes should be 
done to ensure adequate surface coverage.

•	 The treatment plan should be justified according to anatomical location and 
clinical conditions. There is variation in tissue thickness and skin texture. At 
different locations the depth to penetrate papillary and/or reticular dermis 
requires different length needles. Cadaveric studies have shown facial 
skin thickness varies from approximately 0.5 mm depth at the upper eyelid to 
1.6–1.9 mm at the lower nasal sidewall and upper lip. The neck may range 
0.75–1.5 mm [104].

•	 There is no well‐established, evidence‐based MN treatment protocol for 
hyperpigmentation. There are use cases for both MN monotherapy and MN 
with combination drug delivery and laser treatment. Published studies have 
used needles of both 0.5mm and 1.5 mm length. Results from both depths 
showed statistically clinical improvement in pigmentation. The interval of 
treatment was also varied from two weeks and four weeks interval. The 
combination regimen used in various studies includes from cosmeceuticals, 
medical drugs, and bioactive agents, with various clinical response and side 
effects [8, 11, 59–61, 94].

Figure 5.4  Automated microneedling device. Source: Atchima Suwanchinda.
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Preprocedure care

The skin should be prepared with vitamin A and vitamin C formulations preop-
eratively for at least a month to maximize dermal collagen formation [2]. Vitamin 
A expresses its influence on 400–1,000 genes that are essential for proliferation 
and differentiation of all major cells in the epidermis and dermis [105–107]. 
Prolonged sun exposure should be avoided for at least 24 hours preprocedure to 
minimize excessive injury and inflammation. Any patient with active infection or 
sunburn at the treated area should resolve these conditions before MN treatment.

Before the microneedle procedure is performed, the treated area should be 
cleaned to remove any makeup or debris prior to anesthetization with topical 
anesthesia for 45–60 minutes [2, 108]. Alster et al. suggested that 30% lidocaine 
cream should be applied about 20–30 minutes before treatment [16].

Operative technique

•	 Remove the lidocaine cream with NSS‐soaked gauze and prep the treated site 
with preferred antiseptics, alcohol, or chlorhexidine in alcohol or in water 
immediately before the procedure.

•	 Wait until the antiseptics dry before starting the procedure.
•	 Topical drugs or bioactive agents are typically applied to the treatment areas in 

order to facilitate gliding of the devices across the skin to prevent unseemly 
injury to the overlying epidermis (Figure 5.5).

•	 Additional agents can be added during the needling (Figure 5.6).
•	 Gentle skin traction is done while applying the MN tip perpendicular to the 

surface to create the smooth delivery of microneedles into the dermis.
•	 Firmly hold the device and move across the skin in circular motions over the 

treatment area or in a multidirectional or cross‐hatching pattern until efface-
ment of the lesion is seen or until pinpoint bleeding is observed (Figure 5.7).

•	 Several passes can be done to ensure the homogeneity of the treatment.
•	 Sterile, cold, NSS‐soaked gauze is used to remove excess blood and achieve 

hemostasis. It also helps to ease skin comfort.
•	 A thin layer of healing‐aid ointment, topical hydrocortisone‐containing balm, 

or growth factor is immediately applied, according to preferences.

Postprocedure care

MN is generally well tolerated by patients and most patients can return to daily work 
the next day. Immediate after the treatment, the treated area is usually swollen, with 
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Figure 5.5  Topical agents of drugs or bioactive agents are typically applied to the treatment areas 
before needling treatment in order to facilitate gliding of the devices across the skin to prevent 
unseemly injury to the overlying epidermis. Source: Anchalee Srinakorn.

Figure 5.6  Topical agents of drugs or bioactive agents are added during the needling treatment. 
Source: Anchalee Srinakorn.
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superficial bruising and bleeding which stops within a few hours. Serous ooze might 
be seen in some patients, which usually stops after few hours [5]. Patients may have 
a transient sunburnlike feeling for two to three hours, which can be treated with 
analgesics or hyaluronic acid–based hydrating serum [108]. Erythema usually sub-
sides after 24 hours, with some areas of pinpoint bleeding that might become darker 
(Figure 5.8). Erythema and mild desquamation may be seen for about two to three 
days, or in some patients may last up to five days [5]. Mild edema can occur and may 
persist for two to three days after treatment. Antiviral drugs are indicated to prevent 
herpes simplex outbreaks in patients with history of previous HSV infection [108].

Home care is gentle cleansing with mild nonallergic cleanser followed by appli-
cation of nonallergic healing‐aid ointment or growth factor–containing gel several 
times a day. Local antibiotic creams may be prescribed [1]. It is important to avoid 
nonapproved substances for intradermal use due to higher risk of developing der-
matitis and granuloma formation; the microchannels created by microneedle have 
been reported to remain open for several hours after treatment [109].

Sun avoidance should be strongly advised. The regular use of sunscreen with 
at least SPF 30 along with other sun‐protective measures are advised as a routine 
[1]. Mineral (nonchemical) physical sunblock is recommended to avoid risk of 
post‐treatment dyspigmentation. Makeup is to be avoided in the first 48 hours 

Figure 5.7  Pinpoint bleeding and erythema is the visual end point of the skin needling treat-
ments. Source: Anchalee Srinakorn.
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post‐treatment. Regular skincare and make up can be introduced after at least 
seven days, depending on the return of normal skin barrier or when erythema 
has resolved.

Additional treatment sessions are usually recommended, with at least a four‐
week interval (or, less commonly, a two‐week interval) until the desired outcome 
is achieved. A maintenance session is also recommended after six months or one 
year to enhance the results [110].

Contraindications

Physicians should be aware of the contraindications to treatment with MN.
•	 Active pustular or cystic acne should be prescribed oral antibiotics to control 

outbreaks before performing the procedure  –  except when doing fractional 
MN radiofrequency which directly targets sebaceous glands, causing reduction 
in sebum production and hyperproliferation of keratinocytes [2].

•	 Patients with rosacea, fragile capillaries, or vascular lesions should not receive 
these procedures because telangiectasia and erythema maybe temporarily or 
permanently worsened [111].

•	 Individuals who have an active inflammation such as eczema, psoriasis, or 
lupus erythematosus, or a local infection such as herpes labialis or molluscum 
contagiosum within the treatment area should not be treated with MN [6].

(a) (b) (c)

Before treatment Immediate after
needling treatment

24 hours after
needling treatment

Figure 5.8  (a) Before treatment. (b) Skin needling treatment on melasma patient showed 
erythema with pinpoint bleeding after 3 passes, which demonstrated the visual end point of the 
skin needling treatments. (c) After 24 hour the degree of Erythema subsided. Area of pinpoint 
bleeding became dark red. Mild desquamation was seen. Source: Anchalee Srinakorn.
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•	 Patients who are currently on immunosuppressive drugs, chemo/radiotherapy, 
or anticoagulant therapy or who have blood dyscrasia should be excluded [2].

•	 Patients who have a tendency for hypertrophic scars or keloids are poor candi-
dates [2].

Side effects and their management
Even though MN is a simple and minimally invasive procedure, complications can 
occur as a direct result of the procedure itself or from other combination modali-
ties, particularly with transdermal drug delivery.
•	 Postprocedural erythema is the most common adverse effect, and its degree 

probably depends on various factors, including the site of MN application, the 
number of passes of MN application, MN needle length and device type, 
variability between skin types and combination treatment with topical prod-
ucts [112].

•	 Contact dermatitis from the concomitant use of MN with topical agents can 
occur, particularly allergic and irritant dermatitis. It is essential to note that 
there is a higher risk of these adverse effects if using non–FDA approved prod-
ucts for intradermal application [112]. Contact dermatitis as a result of arnica 
cream used after MN treatment was reported. But the patient applied topical 
arnica cream to the normal intact skin without further adverse effect [113]. The 
lesion had healed completely within 72 hours after topical corticosteroids 
application. Therefore, patients must be instructed on proper postprocedural 
care, particularly skincare product application for the first 24 hours, to avoid 
contact dermatitis and other adverse events. Only approved intradermal prod-
ucts should be applied after alteration of the skin barrier from MN treatment. 
This incident can increase the risk of hyperpigmentation, particularly in 
patients of color.

•	 Lymphadenopathy was previously reported in a patient who underwent MN 
with 0.5 mm and 1 mm–length needles on the face. A painful retroauricular 
lymph node developed on both sides of the face on the following day. It may be 
due to the tiny microtunneling generated by microneedles, where the normal 
flora bacteria could penetrate and probably stimulate inflammation and infec-
tion. A short course of oral antibiotic was prescribed to alleviate and shorten 
this adverse event [114].

•	 Allergic granulomatous reaction and systemic hypersensitivity associated 
with MN was reported in three patients studied by Soltani‐Arabshahi et al. The 
substances used in this case were a high dose of lipophilic vitamin C (Vita C 
Serum™; Sanitas Skincare) and a gel product (Boske Hydra‐Boost Gel™; Boske 
Dermaceuticals). The cutaneous symptoms presented with erythematous rash 
to the progressive well‐demarcated erythematous indurated plaques with mini-
mal overlying scale, and progressive facial indurated erythematous papules 
coalescing into plaques, swelling, and erythema nodosum. The symptoms can 
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occur several days to two weeks after treatment. Other systemic symptoms 
found were arthralgia at the knees, high fever, and fatigue. A biopsy of this 
abnormal skin reaction showed foreign body–type granulomatous reactions 
with focal, polarizable material detected in a few giant cells’ cytoplasm. The tis-
sue cultures for bacteria, mycobacteria, and fungus were negative. The patch 
testing of two patients showed a 1+ reaction to Vita C Serum at the 96‐hour 
reading while prick testing for contact urticaria was negative. Topical corticos-
teroids alternating with topical calcineurin inhibitor failed to trigger a response. 
Gradual partial improvement was demonstrated with midpotency corticoster-
oid, a tapering dose of oral methylprednisolone, doxycycline 100 mg/d, or 
minocycline 100 mg/day for five days [115].
A similar incident was reported by Eisert et al. in a 57‐year‐old female patient 
who developed warm erythematous papules, some of which has coalesced to 
plaques two months after MN procedures at her lateral thighs. The histopatho-
logical findings were consistent with granuloma dermatitis with extensive, 
dense infiltration in the superficial, mid and deep dermis consisting of large 
histiocytes. The CD68 antibodies were strongly positive. Patch testing showed 
no evidence of hypersensitivity. Various treatments, including topical corticos-
teroid, tacrolimus, and systemic prednisolone, were ineffective. Therefore, 
doxycycline 200 mg per day was given in addition to topical treatment with 
tacrolimus. A total of 2.5 months of the aforementioned regimen showed only 
a slightly improvement. According to the increasing use of fumaric acid esters 
(the approved drug for the treatment of psoriasis in Germany) to treat granu-
lomatous disease with successful results, Fumaderm® (off‐label) was prescribed, 
and gradually increased to three tablets per day. After 14 weeks, there was sig-
nificant fading and flattening of the lesions. Thus, the dose was tapered to two 
tablets per day and was continually given for another two months, with nearly 
complete clearance of the lesions [20].

•	 Nickel hypersensitivity has also been reported in MN treatment with a der-
maroller (Derma India®, Tamil Nadu, India) containing stainless steel, tita-
nium‐coated 1.5 mm needles. No topical serum or chemical was applied before, 
during, or after the procedure. The erythema and edema at the treated site 
slowly developed and became intense within 24 hours and remained the same 
for few days. The edema partially subsided and multiple tiny erythematous 
papules and few vesiculopustular lesions developed. Oral prednisolone 30 mg 
daily was given for five days, along with application of a low‐potency topical 
corticosteroid. Patch testing was performed three months later with nickel sul-
fate and titanium. The test was negative for titanium testing, but at 48 hours 
vesiculopustular infiltration with intense erythema developed and expanded 
beyond the margin of the nickel chamber site. However, the reaction had par-
tially subsided at 96 hours after testing. Even though the needle tips in the 
dermaroller were covered with titanium, the needles themselves were made 
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entirely of stainless steel. The patient was exposed to nickel owing to a part of 
the needle other than the tip having entered the skin, leading to possible devel-
opment of contact dermatitis related to nickel that leached out from the nee-
dles. After a short course of topical and systemic corticosteroids, the patient 
improved significantly [116].

•	 Hyperpigmentation was reported by Dogra et al. in MN treatment for acne 
scarring. A dermaroller with 192 fine microneedles of 1.5 mm length and 0.1 
mm diameter was used to treat 36 Asian patients with acne scars, in five 
monthly sessions. Postinflammatory hyperpigmentation was found in five 
patients. Three patients had particular severe hyperpigmentation; thus, they 
were dropped from the study. Two patients had only mild hyperpigmentation 
that ameliorated gradually after strict compliance with photoprotection guide-
lines [117]. However, compared to other skin resurfacing modalities, such as 
dermabrasion, chemical peels, and laser treatment, MN is considered to have a 
lower risk of hyperpigmentation [3]. In addition, the Dogra et al. study trial 
demonstrated that two patients had developed tram‐track sign adverse effects. 
One patient had very severe tram‐track scarring over the malar prominence 
area and was forced to withdraw from the trial. The lesion improved after topi-
cal tretinoin application. Another patient had less severe tram‐track scarring 
and was able to complete the protocol. It was postulated that tram‐track scar-
ring may result from excessive force during the MN procedure over the bony 
prominence area of the face [117]. Even though MN therapy offers a lower risk 
of dyspigmentation than other treatment modalities, results depend on 
techniques, concomitant agents used, proper postoperative care, patient’s skin 
condition, and other factors.

Summary
MN seems to be an effective modality for pigmentation problems, especially in 
patients of color. MN can be used alone or as a drug‐delivery mechanism for 
depigmenting agents, PRP, or other biological substances. Even though there are 
no available evidence‐base treatment protocols, MN auspiciously gives favorable 
results for the treatment of hyperpigmentation disorders.
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Background

Acne and its prevalence
Acne vulgaris is a chronic inflammatory condition of the pilosebaceous unit [1, 2]. 
It can be seen as open or closed comedones or both, and as inflammatory 
lesions – including papules, pustules, or nodules [3]. Acne vulgaris is among the 
top 10 most prevalent conditions worldwide and it is one of the most common 
skin conditions [4]. Some degree of acne affects almost all adolescents between 15 
and 17 years of age [5, 2]. Up to 80% of adolescents and up to 5% of adults experi-
ence acne [6]. The impact of acne on quality of life can be profound [7].

Compared to people without acne, individuals with acne are at a higher risk of 
experiencing depression and anxiety, especially in those whose quality of life has 
been affected [8]. They are more likely to have lower self‐esteem and lower body 
satisfaction [9]. Optimal treatments may significantly improve the appearance, 
quality of life, and self‐esteem of affected people [9].

Etiology of acne and pathogenesis of acne scars

The pathogenesis of acne is currently attributed to multiple factors, such as 
increased sebum production, alteration of the quality of sebum lipids, androgen 
activity, proliferation of Propionibacterium acnes (P. acnes) within the follicle, and 
follicular hyperkeratinization [10].
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As sebum and keratinocytes hold together, the keratotic plug gradually forms 
and obstructs the pilosebaceous ducts, finally creating microcomedones [11].  In 
the past, colonization with Cutibacterium (formerly Propionibacterium) 
acnes (C. acnes) was thought to be the trigger of immune response in sebocytes, 
keratinocytes, and monocytes. However, recent investigations suggest that the 
dysbiosis targeting mainly C. acnes together with the activation of the innate 
immunity might lead to the chronic inflammatory response in acne vulgaris [12].

Pilosebaceous follicles in acne lesions are surrounded by macrophages express-
ing TLR2 on their surface. TLR2 activation leads to triggering of the transcription 
nuclear factor and the production of cytokines/chemokines [13]. All these events 
stimulate the infrainfundibular inflammatory process, follicular rupture, and per-
ifollicular abscess formation, which stimulate the wound‐healing process. Injury 
to the skin initiates a cascade of wound‐healing events. Wound healing is one of 
the most complex biological processes and involves soluble chemical mediators 
and extracellular matrix components [13].

Pathogenesis of acne scars

The wound‐healing process progresses through three stages: (i) inflammation, (ii) 
granulation tissue formation, and (iii) matrix remodeling [14, 15].
(i)  Inflammation. This step plays an important role in the development of post-
acne erythema and hyperpigmentation and the development of scarring, suggest-
ing that treating early inflammation in acne lesions may be the best approach to 
revent acne scarring [16].
(ii)  Granulation tissue formation. Damaged tissues are repaired and new capillar-
ies are formed. Neutrophils are replaced by monocytes that change into mac-
rophages and release several growth factors, including platelet‐derived growth 
factor. New production of collagen by fibroblasts begins approximately three to 
five days after the wound is created [17].
(iii)  Matrix remodeling. Fibroblasts and keratinocytes produce enzymes, includ-
ing those that determine the architecture of the extracellular matrix metallopro-
teinases (MMPs) and tissue inhibitors of MMPs. MMPs are extracellular matrix 
(ECM)–degrading enzymes that interact and form a lytic cascade. As a conse-
quence, an imbalance in the ratio of MMPs to tissue inhibitors of MMPs results in 
the development of atrophic or hypertrophic scars [18–20].

Epidemiology and types of acne scars

Scarring, as a physical disfigurement, is a frequent complication of acne. The 
psychological impact of scarring can be profound; scars can occur as a result of 
damage to the skin during the healing of active acne scarring [21]. Although active 
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acne can persist for a decade or more, acne scars may persist for a lifetime [22]. One 
publication on the prevalence of acne scarring suggests that the type and extent of 
scarring correlates with the site and severity of previous acne and duration of acne 
before effective treatment. Facial scarring affects both sexes equally and occurs in 
up to 95% of cases scarring [23]. Several classifications and scales have been pro-
posed for facial acne scarring [24]. Often, scarring is the consequence of severe 
inflammatory nodulocystic acne, but it may also be the product of superficial 
inflamed lesions or the squeezing or picking of lesions with the fingernails [21]. 
There are three general types of acne scars, depending on hyperproliferation or loss 
of collagen: hypertrophic scars, keloid scars, and atrophic scars. A person might 
have one or more types of scarring occurring in the same skin area [25, 26]. 
Inadequate healing response results in diminished deposition of collagen factors 
and formation of an atrophic scar, whereas if the healing response is too exuberant, 
a raised nodule of fibrotic tissue forms hypertrophic scars and keloids [27].

Of people with acne scars, 80–90% develop atrophic scars compared with a 
minority who develop hypertrophic scars. Atrophic scars can be further subclassi-
fied into ice pick, rolling, and boxcar [6]. The exact prevalence of each scar type is 
hard to calculate, but some estimations report that within atrophic scars, the ice 
pick type represents 60–70%, boxcar 20–30%, and rolling 15–25% [1, 6]. Each of 
these scar types has been classified based on the underlying scar pathology. Icepick 
scars are narrow (<2 mm) and extend vertically into the deep dermis or subcuta-
neous tissue [6]. Rolling scars have sloped and shallow borders with a normal skin 
texture at the base and are about 4–5 mm wide [6]. These scars result from abnor-
mal fibrous bands anchoring the dermis to the subcutis, which produces a dell in 
the skin. Treatment is aimed at correcting the abnormal fibrous anchoring of these 
scars. Finally, boxcar scars are round to oval or rectangular depressions with 
sharply defined vertical edges that can be shallow (0.1–0.5 mm) or deep (>0.5). 
Shallow boxcar scars, rather than deep boxcar scars, are more amenable to treat-
ment with resurfacing modalities [6].

Description of various interventions

Acne scars have always been challenging to treat. Different factors, e.g. color, tex-
ture, and morphology, can affect the treatment choice for each individual scar 
[25]. Early effective treatment of acne is probably the best strategy to prevent or 
limit postacne scarring [24, 2].

Many therapeutic approaches have been used to treat acne scarring, including 
both invasive and noninvasive methods. Unfortunately, even with the most 
expensive techniques it is difficult to achieve the goal of complete improvement. 
Thus, there is an ever‐increasing demand for less invasive, highly effective treat-
ments [28].
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Microneedling therapy, or percutaneous collagen induction, is a new addition to 
the treatment modalities for such scars and has been reported to be simple and 
effective in atrophic acne scar treatment [29]. Other non‐energy‐based devices 
include subcision, (micro) dermabrasion, dermal fillers, and chemical peels.

Chemical peels can be helpful in treating mild acne lesions and shallow atrophic 
acne, which respond well to mild and medium‐depth peels, such as 20–35% 
trichloroacetic acid (TCA), alpha hydroxy acids, salicylic acid, and Jessener’s solu-
tion [6].

In the past decade, chemical reconstruction using TCA (CROSS) has come into 
favor for ice pick scars. In the CROSS method, high concentrations of TCA are 
applied on a sharp wooden applicator and then pressed firmly into the atrophic 
acne scars, and white frosting is observed [30]. The high concentrations of TCA 
cause coagulative necrosis of the epidermis, and the resultant wound healing 
causes an increase in the production of collagen and improvement in scar appear-
ance [31]. However, these chemical peels have limited use for deeper atrophic 
scars, and should be used cautiously in darker‐skinned patients because of the 
potential for pigmentary alterations. Deep chemical peels have fallen out of favor 
for the treatment of acne scars because of their significant side effect profile, such 
as dyschromia and scarring [32].

Punch excision is an excellent option for the treatment of icepick and deep box-
car scars. In this method, a punch biopsy instrument is used to remove deep 
atrophic scar tissue to the level of the subcutaneous fat and then closed with 
sutures [6]. It has been associated with good results, but secondary widening of the 
scar may occur.

Dermabrasion involves the use of sandpaper and hydrogen peroxide for hemo-
stasis, or a rotating motorized handpiece attached to a serrated wheel, wire brush, 
or diamond‐embedded fraises to remove the epidermis and upper dermis [33, 34].

By removing the superficial layers of the skin, the wound‐healing process cre-
ates a smoother and more regular appearance of the scar, and new collagen is 
formed [6]. Dermabrasion is useful for superficial atrophic acne scars, such as 
rolling or shallow boxcar scars, but is less effective for icepick scars [31].

Injectable fillers used for atrophic scars have been proposed to improve the 
appearance of acne scars; collagen, autologous fat transfer, and artificial injectable 
fillers are most commonly used [35]. Their effect lasts 3–18 months, depending on 
the type of filler used. Hyaluronic acids (HA) are temporary fillers that last 3–12 
months [6]. Hasson and Romero treated 12 patients with acne scars using HA 
(Esthélis, Anteis, S.A., Geneva, Switzerland); 74% had good to excellent results 
[36]. A 68% reduction in acne scars was seen in a recent study in five patients who 
had two treatments of HA with a modified vertical tower technique [2].

Among the energy‐based devices, traditional ablative laser resurfacing have 
been used for treating acne scars. It removes the epidermis and part of the dermis 
of the scars, allowing collagen remodeling and re‐epithelialization [21]. Patients 
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typically do not need more than one treatment, but the treatment has adverse effects 
including persistent erythema, hypopigmentation, hyperpigmentation, infections, 
and scarring. It also has a very long recovery period (up to two weeks) [24].

Nonablative laser resurfacing produces dermal thermal injury while preserving 
the epidermis; this dermal thermal injury promotes collagen remodeling through 
the formation of new collagen, which leads to an improvement in scarring [37].

Fractional laser resurfacing acts, as the name indicates, “on regularly‐spaced 
arrays over a fraction of the skin surface to induce thermal ablation of microscopic 
columns of epidermal and dermal tissue” [38]. This approach is more effective 
than nonablative resurfacing while providing a faster recovery than ablative resur-
facing [39].

Problems related to aforementioned traditional energy‐based devices prompted 
the development of nonablative methods, which owe their efficacy to triggering 
dermal neocollagenesis while preserving the stratum corneum and the epidermal 
barrier function. But the use of energy (in nonablative lasers, fractional lasers, and 
intense pulsed light lasers) for this purpose still entails problems with thermal 
injury and necrosis [40].

Microneedling treatment

Microneedling (MN), also known as collagen induction therapy, is a relatively new 
option for treatment of acne scars. The reported high efficacy, safety, and minimal 
post‐treatment recovery rates associated with microneedling have increased its 
popularity among patients and clinicians [41].

The process involves repetitive puncturing of the skin with sterilized micronee-
dles. Its original conception can be traced back to 1995, when Orentreich and 
Orentreich developed the concept of subcision, or using hypodermic needles to 
induce wound healing in depressed cutaneous scars. The process involved the 
insertion and maneuvering of a tribeveled hypodermic needle into the skin under 
the cutaneous defects to disrupt the underlying connective tissue that tethered 
down the skin in these area scars [41].

In 2006, Fernandes developed the first MN product, which became the 
modern‐day Dermaroller® (Dermaroller Deutschland GmbH, Wolfenbuettel, 
Germany) [29].

The roller is a drum‐shaped device with very fine protruding stainless steel nee-
dles (0.25–3mm in length) to delicately puncture the skin [42]. Research has been 
conducted in both animals and humans to elucidate the mechanism by which 
microneedling works. It has been hypothesized that the creation of numerous micro-
channels in atrophic acne scars physically breaks apart the compact collagen bundles 
in the superficial layer of the dermis while simultaneously inducing the production 
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of new collagen and elastin underneath the scar [43, 44]. The creation of abundant 
microwounds directly stimulates the release of various growth factors that play a 
direct role in collagen and elastin synthesis and deposition within the dermis.

More specifically, the creation of microchannels induces a controlled skin injury 
with minimal epidermal damage and stimulates the dermal wound‐healing 
cascade (inflammation, proliferation, and remodeling) to take place. This leads to 
the release of platelet‐derived growth factor, fibroblast growth factor (FGF), and 
transforming growth factor alpha and beta (TGFα and TGFβ) [29, 45]. 
Neovascularization and neocollagenesis occur secondary to fibroblast prolifera-
tion and migration [46]. After the cutaneous injury, a fibronectin network is 
reated, providing a matrix for collagen type III deposition, which is eventually is 
replaced by type I collagen. This transition can occur over weeks to months [47]. 
The depth of neocollagenesis has been found to be 5–600 μm with a 1.5 mm length 
needle. Histological examination of the skin treated with four microneedling ses-
sions one month apart showed up to 400% increase in collagen and elastin deposi-
tion at six months postoperatively, with a thickened stratum spinosum and normal 
rete ridges at one year postoperatively [47]. Collagen fiber bundles appear to have 
a normal lattice pattern rather than parallel bundles as in scar tissue [48]. Based on 
histologic analyses one year after a series of microneedling sessions, increased col-
lagen deposition in the reticular dermis with a normal lattice architecture, 
increased elastic fiber deposition, a thickened epidermis (granular layer hyperpla-
sia), and a normal stratum corneum and rete ridges have been shown [48]. Aust 
and colleagues demonstrated upregulation of TGFβ3, which promotes regenera-
tion and scarless wound healing. The altered ratio after microneedling of TGFβ3 
over TGFβ1 and TGFβ2 (the latter being responsible for fibrotic scarring) may 
partially explain the beneficial basis of this procedure [48].

Liebl and Kloth have proposed another hypothesis to explain how micronee-
dling works [49]. The resting electrical membrane potential of cells is approxi-
mately −70 mV, and when needles come near the membrane, the inner electrical 
potential increases quickly to −100 mV. This triggers increased cell activity and 
the release of various proteins, potassium, and growth factors from the cells into 
the exterior, leading to the migration of fibroblasts to the site of injury, and hence 
collagen induction. Thus, the needles do not create a wound in a real sense, but 
rather body cells are fooled into believing that an injury has occurred [50–52]. 
However, more research needs to be done to elucidate the chain of events clearly.

Procedure

Microneedling is a simple office‐based procedure performed under local anesthe-
sia and lasting 10 to 20 minutes, depending on the area to be treated. The skin is 
stretched with one hand, and perpendicular rolling is done five times each in the 
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horizontal, vertical, and oblique directions with the other hand [53]. The treat-
ment endpoint is identified as uniform pinpoint bleeding which is easily control-
lable [53]. The procedure is well tolerated by patients and there are usually no 
post‐treatment sequelae except slight erythema and edema lasting two to three 
days. There is no downtime and the patient can resume daily work the very next 
day. Treatments are performed at three‐to‐eight‐week intervals and multiple sit-
tings are needed to achieve the desired effect on the skin.

Various types of microneedling devices

Currently, there are many mechanical MN devices registered with the US Food 
and Drug Administration (FDA), with the majority being a variation of either the 
Dermaroller or the Dermapen® (Dermapen, Salt Lake City, UT, USA) [53, 54].

The standard medical dermaroller has a 12 cm–long handle with a 2 × 2 cm–
wide drum‐shaped cylinder at one end studded with 8 rows and 24 circular arrays 
of 192 fine microneedles, usually 0.5–3 mm in length and 0.1–0.25 mm in diameter 
[54]. These single‐use microneedles are synthesized by reactive ion etching tech-
niques on silicon or medical‐grade stainless steel. The instrument is presterilized by 
gamma irradiation. Rolling with a standard dermaroller containing 192 needles of 
2 mm length and 0.07 mm diameter 15 times over an area of skin results in approxi-
mately 250 holes per square centimeter up to the papillary dermis, depending on 
the pressure applied [55]. Each pass produces 16 micropunctures in the stratum 
corneum per square centimeter without damaging the epidermis significantly [53].

A simple dermaroller has evolved over the past decade through a variety of 
advancements. The current market is booming, with an assortment of devices 
based on needle length, drum size, and automation. The most important is the 
diversity of needle lengths. As noted in Chapter 1, a high ratio of tip length versus 
diameter of 13:1 is an important property of good needles [48]. For treating acne 
scars as a routine, a needle length of 1.5–2 mm is usually used. The minimum time 
interval between two sittings of microneedling depends the needle length of the 
dermaroller being used. The greater the needle length, greater should be the inter-
val between sittings. When using 1.5 mm dermaroller, at least a three‐week gap 
should be allowed between procedures [53].

Five basic types of medical dermarollers, which are registered with the FDA, 
have been described in the dermaroller series by Anastassakis, and most 
dermaroller devices are adapted from these elementary types [56].
•	 C‐8 (cosmetic type), is the basic dermaroller as described earlier in this chapter, 

with a needle length of only 0.13 mm (130 μm) used for enhancing penetration 
of topical agents. It is completely painless.

•	 C‐8HE (cosmetic type for hair‐bearing surfaces, scalp) has a needle length of 
0.2 mm (200 μm). Even this length is below the pain threshold.
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•	 CIT‐8 (medical type for collagen induction therapy) has a needle length of 0.5 
mm (500 μm) and helps in collagen induction and skin remodeling.

•	 MF‐8 (medical type) has a needle length of 1.5 mm (1500 μm). This creates 
deeper microchannels on the whole epidermis and dermis and at the same time 
destroys scar collagen bundles.

•	 MS‐4 (medical type) is the only dermaroller that has a smaller cylinder, 1 cm 
length, 2 cm diameter, and subsequently four circular arrays of needles (for a 
total of 96 needles) 1.5 mm in length. It is used on areas where better precision 
and deeper penetration is required. It is mostly used on facial acne scars.

Home‐care dermaroller

Home‐care dermarollers (C‐8) are used by patients themselves, as their needle 
length is below 0.15 mm. These are available for reduction of pore size and sebum 
production, as well as for transdermal delivery of products. Beauty Mouse® 
(Dermaroller Deutschland GmbH) is another approved device intended for home 
use [57]. It contains 480 needles of approximately 0.2 mm size, arranged on three 
separate drums, strategically placed inside a computer mouse–shaped device [57].

Other devices use additional technology to build upon the applications of 
mechanical MN. The Dermapen is an automated microneedling device which looks 
like a pen. This ergonomic device uses disposable needles and guides to adjust nee-
dle length for fractional mechanical resurfacing. The tip has 9–12 needles arranged 
in rows. It makes use of a rechargeable battery to operate in two modes – namely, the 
high‐speed mode (700 cycles/min) and the low‐speed mode (412 cycles/minute) in 
a vibrating stamplike manner [58]. It has the advantage of being reusable in different 
patients, as the needles are disposable; it’s safe, as the needle tips are hidden inside 
the guide; and it includes the ability to easily adjust the needles’ operating speeds and 
penetration depths, thereby permitting treatment of large surface areas efficiently 
and at varying needle depths as necessary for more convenient treatment of narrow 
areas such as the nose and around the eyes and lips without damaging the adjoining 
skin. This technology has been designed to overcome the issue of varying pressure 
as seen in manual dermarollers [41], thus making the procedure less painful [59].

Fractional radiofrequency microneedling

Recently a new technology has gained popularity. The amalgamation of micronee-
dling with radiofrequency has further expanded the prospective applications of this 
technology. Insulated needles are used to penetrate the skin and release radiofrequency 
currents from the needle tips, producing thermal zones in the dermal structural 
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components and accessory glands without damaging the overlying epidermis [60, 61]. 
This triggers long‐term dermal remodeling, neoelastogenesis, and neocollagenesis. The 
depth of the needles can be adjusted from 0.5 mm to 3.5 mm, allowing clinicians to 
target different layers of the dermis discretely [61]. The operator can exercise good con-
trol over tissue damage by adjusting the power level and duration of the energy pulses.

The main energy‐delivery system has a disposable tip with 49 gold‐plated needles. 
Microneedling radiofrequency (MNRF) technology does not damage the epidermis, 
and is therefore safe in darker skin types [53]. There are many MNRF devices on the 
market, including Infini™ (Lutronic Co., Goyang‐si, Korea), INTRAcel™ (Jeisys, 
Seoul, Korea), Vivace™ (Aesthetic Biomedical, USA) and Scarlet™ (ViOL, South 
Korea) fractional microneedling RF systems, and Intensif™ (ENDYMED, Israel). 
Figure 6.1 shows an example of a patient treated with fractional RF microneedling.

Light emitting microneedling device

LED microneedling rollers have been launched recently. These incorporate 
titanium microneedles [58]. These devices have not yet been explored and no pub-
lished data is available regarding their efficacy.

Microneedle delivery systems

Microneedle delivery systems offer a minimally invasive and painless method of 
transdermal drug administration [62]. The various types of microneedles availa-
ble for this purpose can be solid, coated, dissolving, hollow, and swellable polymer 

(a) (b)

EndyMed Intensif after four treatmentsBefore treatment

Figure 6.1  A patient (a) before and (b) after treatment with MNRF. Source: Photos Courtesy of 
Michael H. Gold, MDGold Skin Care Center, The Laser and Rejuvenation Center, Nashville, TN.
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microneedles synthesized by microfabrication techniques [57]. Silicon, metals 
such as titanium, natural and synthetic polymers, and polysaccharides are the 
various materials used to fabricate these microneedles. Solid‐coated microneedles 
are used to pierce the superficial skin, followed by topical application and delivery 
of the drug. Dissolvable or biodegradable and hollow needles deliver drugs directly 
into the dermis [62].

Discussion

Microneedling has been most extensively studied for acne scar treatment. Quite 
opposite to ablative lasers, the needles penetrate the epidermis but do not remove 
it; thus needling procedures can be safely performed without any downtime [29]. 
MN offers a relatively low=cost and minimally invasive treatment option. 
Apparently, the advantages of microneedling include not only a very low risk for 
postprocedural inflammatory hyperpigmentation but also a relatively short recov-
ery period (two to three days), and a low cost [62].

A total of eight studies utilized microneedling in the treatment of postacne 
scarring. Treated scars were of various morphologic subtypes. In five papers, 
microneedling was used in isolation; in one it was compared with glycolic acid 
(GA) peeling; and in another it was used in conjunction with platelet‐rich plasma 
(PRP) [63].

Fabbrocini et  al. treated 32 patients with two sessions (eight weeks apart) of 
microneedling using a MS‐4 dermaroller with 96 1.5 mm–long and 0.25 mm–
wide needles [1]. Eight weeks after the first session, all patients had smoother 
facial skin and a slight reduction in scar severity. Eight weeks after the second ses-
sion, there was evident improvement in scar appearance.

Microneedling has shown better results with combination treatments. One study 
compared the effects of microneedling to those of microneedling plus GA peeling 
[64]. Microneedling was performed every six weeks for five sessions with an MF‐8 
dermaroller (a drum‐shaped device with 192 needles, each with a width of 0.25 mm 
and length of 1.5 mm) in group A, whereas group B underwent the same process of 
microneedling followed by a 35% GA peel three weeks later. The mean improve-
ment in scars in group A was 31.33%, while that in group B was 62%.

Alam et al. performed a randomized, split‐face, placebo‐controlled clinical trial 
to investigate the effects of microneedling on various morphologic scar subtypes 
[65]. Fifteen individuals received three needling treatments that were performed 
at two‐week intervals using an MTS roller, CR10 (1.0 mm) or CR20 (2.0 mm). 
Mean scar scores were significantly lower in the treatment group compared with 
baseline at six months. In the control group, mean scar scores did not vary signifi-
cantly from baseline at three months and at six months. The mean pain rating was 
recorded as 1.08/10.
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A further split‐face study on 27 patients assessed the effects of microneedling 
with PRP versus microneedling with vitamin C application [66]. Microneedling 
was carried out with a 1.5 mm, 192‐needle dermaroller. Scaring improvement was 
rated using the Goodman and Baron scale. An improvement by two grades was 
considered excellent, one grade was rated as good, and no change was labelled as 
a poor response. Twenty‐three patients achieved reduction in scarring by one to 
two grades. Excellent response was seen in five (18.5%) patients with PRP, com-
pared with two (7%) patients who received treatment with vitamin C.

One clinical trial by Dogra et al. evaluated the utility of microneedling for treat-
ing atrophic acne scars in Asian populations. They reviewed the response to five 
monthly sessions of dermaroller treatment in 30 patients with mixed types of 
atrophic acne scaring [28]. The equipment used was a 192‐needle drum‐shaped 
dermaroller with 1.5 mm–long and 0.1 mm–wide needles. The procedure was 
concluded when uniform pinpoint bleeding was achieved. At baseline, mean acne 
scar assessment scoring was 11.73 ± 3.12. At the five‐month follow‐up, the mean 
scoring had reduced to 6.5 ± 2.71. The mean scoring differences in patients with 
moderate and severe–grade scarring were 4.56 ± 1.31 and 6.00 ± 1.66, respectively. 
Four patients (13.3%) reported results as excellent, 20 (66.6%) as good, and six 
(20.0%) as poor.

Another study compared the effects of PRP to the CROSS peeling technique 
with 100% TCA versus combined microneedling and PRP in the treatment of 
atrophic acne scars. It showed significant improvement in the severity of acne 
scars after treatment (P <0.001) in all three groups [67].

El‐Domyati et al. evaluated the response of microneedling in 10 patients with 
different types of postacne atrophic scaring [29]. They used a dermaroller with 
192 needles, 1.5 mm long and 0.25 mm wide. Patient satisfaction was documented 
to be 80–85% (P = 0.001). They quantified the histological changes induced by 
MN in 10 patients with atrophic facial scars from acne. Skin biopsies were obtained 
at baseline and post‐treatment with the dermaroller [29]. There was a statistically 
significant increase in the production of collagen types I, III, and VII and a 
decrease in total elastin by the end of treatment (p < 0.05).

In a cohort study, Majid relied on clinical outcomes rather than histologic 
changes to assess improvement of atrophic facial scars in response to MN therapy 
[50]. Thirty‐seven patients were offered dermaroller treatments and were followed 
for two months. Over 80% of the patients assessed their response to treatment as 
“excellent” on a 10‐point scale, and 94.4% graded the reduction in the severity of 
their scars by at least one objective grade.

Several studies have also compared the efficacy of laser and MN treatments. 
Cachafeiro et al. compared 1,340 nm nonablative fractional erbium laser and Dr. 
Roller™ (Vydence Medical, São Carlos, São Paulo, Brazil) for the treatment of 46 
patients with facial atrophic acne scars [68]. Both groups demonstrated improvement 
at two and six months post‐treatment, with no statistically significant difference 
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between them (P = 0.264). While efficacy was similar, patients who had undergone 
microneedling experienced erythema for an average of one day; patients who had 
undergone laser treatment experienced it for an average of three days. Additionally, 
13.6% of the patients in the laser group experienced postinflammatory hyper/hypo-
pigmentation (PIH) while none of the patients in the MN group did.

A clinical trial by Garg and Baveja assessed the efficacy of combination therapy 
using subcision, MN, and 15% trichloroacetic acid peel in the management of 50 
patients with atrophic acne scars [69]. Patients were treated for a total of six ses-
sions. Complete remission was demonstrated in all patients with Grade 2 scars and 
22.7% of patients with Grade 3 scars. Additionally, out of the 16 patients with 
Grade 4 scars at baseline, 10 patients improved by two grades and the remaining 6 
improved by one grade. Overall, 100% of patients had objective improvement in 
scars by at least one grade.

Pudukudan et al. reported the efficacy and safety of a noninsulated RF micronee-
dling for in treating atrophic acne scars in patients with dark skin (Fitzpatrick skin 
types III to V) with minimal pain or downtime [70]. Chandrashekhar et al. con-
ducted a study in 31 patients. Out of 13 patients with grade 4 scars, 12 patients 
(85.71%) showed improvement by 2 grades, i.e. their scars improved from grade 4 
to grade 2 of Goodman and Baron scale. In 17 patients with grade 3 scars, 13 
patients (76.47%) improved by 2 grades and 4 patients (23.52%) showed improve-
ment by 1 grade [61].

Microneedling with fractional radiofrequency has also been studied for the 
treatment of active acne vulgaris. A study was performed on 18 patients with mod-
erate to severe acne vulgaris with Fitzpatrick phototype IV to V skin. Two sessions 
of MFR were performed at a one‐month interval. Sixteen patients showed objec-
tive clinical improvement, both in number and severity of inflammatory acne 
lesions. There was also an improvement in acne scars, enlarged facial pores, skin 
tone, and texture [71].

Another study was performed on 20 Korean patients with acne vulgaris. All of 
them received a single full‐face MFR treatment. The casual sebum level and sebum 
excretion rate showed 30–60% and 70–80% reduction, respectively, two weeks 
post‐treatment and remained below baseline until week eight, when the study 
ended [72].

In a prospective clinical trial, 25 patients with moderate to severe acne were 
treated with MFR. Results showed a decrease in the number of acne lesions 
(inflammatory and noninflammatory), though inflammatory lesions responded 
better than noninflammatory lesions [73].

Microneedle radio frequency systems deliver energy directly to the dermis via a 
number of microneedle electrodes and create a microthermal zone (MTZ), pro-
viding untouched areas between MTZs. With the advantages of the fractional 
energy delivery system of MFR devices and evidence of cytokine alteration, MNRF 
is helpful with offering less downtime in the treatment of acne vulgaris [73].
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Conclusion

Microneedling therapy is a recent addition to the treatment armamentarium for 
managing acne and postacne scars. Since the development of the first dermaroller 
20 years ago, a variety of new MN devices have been introduced. The treatment is 
performed as an in‐office procedure after application of a local anesthetic cream, 
by means of a simple instrument such as a dermaroller, Dermapen, or other 
microneedling device. The needles cause small pinpoint injuries to the treated 
skin, which apparently heal within two to three days with no post‐treatment 
sequelae. Microneedling treatment is becoming popular all over the world in the 
management of postacne scars because of the advantages this therapy offers over 
laser resurfacing; MN does not lead to any epidermal injury as is seen with lasers, 
giving an advantage of lesser risk of PIH in skin of color. There is minimal down-
time associated with the procedure, unlike with ablative laser resurfacing, and the 
treatment is far more economical than laser treatments. Overall, MN offers a 
simple yet cost‐effective therapeutic modality with minimal adverse events and a 
promising safety profile. Future large controlled clinical trials are imperative for 
the utility of this popular technique.
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Introduction

As discussed in earlier chapters of this textbook, microneedling (also known as 
collagen induction therapy or percutaneous collagen induction) is an increasingly 
popular treatment modality for skin rejuvenation. The approach employs small 
needles to puncture the skin and stimulate local collagen production in a mini-
mally invasive manner (see Figure 7.1).

It has been utilized in aesthetic medicine for many years and is an excellent 
therapeutic option for multiple indications.

In recent years, microneedling has been combined with platelet‐rich plasma 
(PRP) with the aim of augmenting cosmetic outcomes. It has been used alone and 
for optimization in a number of clinical indications, including but not limited to 
skin rejuvenation, alopecia treatment, and notably acne scarring.

This chapter will discuss PRP and its use in combination therapies with 
microneedling.

Platelet‐rich plasma – what is it?

PRP is an autologous high concentration of platelets derived from blood plasma. 
It contains numerous growth factors, such as PGF, TGFβ, EGF, VEGF, FGF, and 
insulinlike GF (see Table 7.1), and multiple cytokines that stimulate collagen and 
wound healing [1]. The combination of PRP with other dermatologic procedures 
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intended for skin and hair health and treatments may offer benefits in the form of 
reduced downtime and better efficacy. PRP applied to the skin post‐micronee-
dling with roller, stamp, or pen has a mechanically induced altered epidermal 
barrier. PRP has been applied topically or injected into the skin after micronee-
dling to enhance the outcomes and decrease the downtime from these 
procedures.

Before

After

Collagen Induction Therapy

Repeatedly puncturing
(skin bleeds slightly)

Smoother, thicker,
and tighter skin

EPIDERMIS

DERMA

FAT

Micro needling device

Sterile needles
(break up old
collagen strands
and stimulate
the production
of elastin fibers)

Figure 7.1  Collagen induction therapy: needling forms minute perforations of the skin. This 
results in both superficial capillary and dermal microinjuries, leading to growth factor release and 
fibroblast infiltration. Source: designua/123RF.
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Combination therapy

Microneedling provides accelerated neocollagenesis. Collagen induction therapy, 
in combination with the additional growth factors and cytokines from PRP, may 
act synergistically with the microneedling cascade to provide enhanced collagen 
remodeling and patient outcomes.

History of PRP

PRP has been utilized for many years in dentistry, orthopedics, endodentistry, and 
other surgical fields. In recent years, it has been added to the fields of plastic sur-
gery and dermatology and has been used for aesthetic medicine treatments. 
Literature reviews have been conducted regarding the use of PRP for cosmetic 
rejuvenation and augmentation. In 2017, Frautschi et al. published a comprehen-
sive review searching for reports of PRP in aesthetic medicine published from 
1950 to 2015 [2]. The authors reviewed 38 reports and concluded that the pub-
lished studies produced promising results but there was a lack of standardized 
protocols in preparation, composition, and activation methods of the PRP, making 
reproducible scientific outcomes difficult. A review of PRP in aesthetic medicine 

Table 7.1  All the growth factors.

Name Abbreviation Function

Platelet‐derived 
growth factor

PDGF Enhances collagen synthesis, proliferation of bone cells, 
fibroblast chemotaxis and proliferative activity, and 
macrophage activation

Transforming 
growth factor‐β

TGF‐β Enhances synthesis of type I collagen, promotes 
angiogenesis, stimulates chemotaxis of immune cells, 
and inhibits osteoclast formation and bone resorption

Vascular 
endothelial growth 
factor

VEGF Stimulates angiogenesis, migration and mitosis of 
endothelial cells, increases permeability of the vessels, 
and stimulates chemotaxis of macrophages and 
neutrophils

Epidermal growth 
factor

EGF Stimulates cellular proliferation and differentiation of 
epithelial cells; promotes cytokine secretion by 
mesenchymal and epithelial cells

Insulinlike growth 
factor

IGF Promotes cell growth, differentiation, and recruitment 
in bone, blood vessel, skin and other tissues; stimulates 
collagen synthesis together with PDGF

Fibroblast growth 
factor

FGF Promotes proliferation of mesenchymal cells, 
chondrocytes and osteoblasts; stimulates the growth 
and differentiation of chondrocytes and osteoblasts

Source: Pavlovic, V., Ciric, M., Jovanovic, V., & Stojanovic, P. (2016). Platelet Rich Plasma: a short 
overview of certain bioactive components. Open Medicine, 11(1). © 2016, De Gruyter.
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from 2006 to 2015 by Motosko et  al agreed; although the studies had positive 
outcomes, significant protocol variation existed in preparation and treatment pro-
tocols for PRP, which makes reproducible and standardized treatment recommen-
dations a challenge [3].

Because PRP is autologous, there is innate variability in the PRP platelet concen-
tration. Platelet concentrations in adults has a normal variable range from 150,000 
to 450,000/ uL, and this can impact the PRP concentration by threefold. To date, 
there are no standardized protocols established by a large‐scale study analyzing 
baseline values of patients platelet counts and treatment outcomes based on these 
findings.

The initial findings are promising, but more evidence‐based standardized 
research methods and protocols are needed to provide guidance for PRP protocols 
in aesthetic practices (see Figure 7.2).

PPP 40%

PRP 5%

RBC 45%

Buffy Coat

Figure 7.2  Makeup of PRP: PPP, PRP, and RBC. Plasma: 55–91% water, 7% proteins, 2% 
electrolytes. Buffy coat: 1% ‐Wbc, platelets. RBC: 99% of total volume.
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The PRP microneedling procedure

Microneedling combination therapy with PRP is an in‐office procedure. It begins 
with thorough cleansing and preparation of the skin and topical anesthetic applica-
tion to the treatment areas. Then the patient’s blood is drawn and centrifuged, and 
the PRP is extracted. After removal of the numbing cream and thorough cleansing 
of the skin, microneedling begins and the PRP is applied immediately to deeply 
penetrate the new micro‐opening channels in the skin. I recommend immediate 
application, as the microchannels are only open for a very brief duration of time. 
Additionally, direct pore injections of PRP can be utilized to target hyperpigmenta-
tion and for textural improvement especially for pore size and superficial rhytides.

The micro‐openings are thought to close rapidly, approximately 10–15 minutes 
after needling is performed [4]. Minor side effects may include erythema lasting 
approximately three to five days. Some patients also experience mild edema after 
the procedure, which tends to subside along with the erythema. Most side effects 
are non‐lasting. The procedure is done with minimal discomfort or pain. Results 
are not immediate; they typically are visible within three to four weeks after the 
procedure (Figure 7.3). For most patients, depending on the indicated treatment 

Figure 7.3  PRP for skin rejuvenation. Gentle traction is applied, in a sterile field, while the 
microneedle tip is held perpendicular to the skin’s surface in order to allow a smooth surface for 
the microneedles to penetrate the skin evenly. Source: Elizabeth Bahar Houshmand MD.
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plan, the patient’s condition, and outcomes desired, three or four sessions sched-
uled at approximately four‐week intervals is the current recommendation.

Indications

Acne scars
Acne scarring causes cosmetic discomfort, depression, low self‐esteem, and 
reduced quality of life. Microneedling is an established treatment for acne scars, 
most notably atrophic scars (Figure 7.4), although the efficacy of PRP has not been 
thoroughly explored. There are several studies looking at the combination therapy 
both in terms of therapeutic outcomes and cost benefit for the treatments.

Atrophic scarring is a consequence of abnormal resolution or wound healing 
following acne inflammation. They are broadly classified as macular, atrophic, and 
hypertrophic or keloidal scars. Atrophic acne scars are further divided into three 
types: icepick, boxcar, and rolling scars [5].

Three studies, discussed in this section, looked at acne scar treatments in rela-
tion to therapy with and without the combination therapy of microneedling and 
PRP.

Asif et al. compared two groups of patients with acne scars. In total, 50 patients 
were treated: group one received microneedling treatments with PRP (PRP MN) 
and group two received microneedling and distilled water sessions. Both groups 
showed some improvement in scars; however, the PRP MN group showed a 62.2% 
improvement while the microneedling with distilled water subjects had only a 
45.84% improvement. These results support the increased benefits of PRP MN 
combination therapy vs. microneedling alone [6].

(a) (b)

Figure 7.4  Acne scarring at (a) baseline and (b) three months after three needling sessions. 
Source: Elizabeth Bahar Houshmand MD.
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Chawla compared the effectiveness of combination therapy with microneedling 
plus PRP versus microneedling and vitamin C application [7]. A total of 27 patients 
completed the treatment schedules over a six‐month period, with an interval of 
one month between the vitamin C and PRP treatments. Each patient received four 
treatments of PRP MN on one side of the face and MN with vitamin C on the 
other side. Patients who participated in the PRP study reported a higher incidence 
of favorable results when compared to the group that tested with vitamin C. 
Twenty‐one patients (78%) patients experienced good to excellent results from the 
PRP MN vs. 17 (63%) of the MN with vitamin C patients. PRP with microneedling 
had superior results in comparison to microneedling with vitamin C.

Of note, assessments of improvement were performed by the treating physician 
and patient satisfaction reports were completed with knowledge of the therapies 
and cost factors, which may have influenced results [7].

In another split‐face study, Fabbrocini et  al. evaluated 12 adult patients with 
acne scars [8]. The right side of their faces received microneedling plus PRP, while 
the left side received microneedling alone. Two treatments were performed eight 
weeks apart. Severity scores (0 = no lesions; 10 = maximum severity) were used to 
assess patient outcomes throughout the study. Acne scars improved on both sides 
of the face following the treatment period, but the reduction in scar severity with 
microneedling plus PRP (3.5 points) was significantly greater than with micronee-
dling alone (2.6 points) – P<.05. Patients tended to experience two or three days of 
mild swelling and erythema after treatment, regardless of PRP addition. With only 

Control

(a) (b)

Day 28, PRP

Figure 7.5  (a) Histologic image showing a thin epidermis and flattened rete ridges and collagen in 
parallel bundles. (b) Histologic image showing the results at day 28 after treatment with PRP. Note 
the thickened epidermis and normal rete ridges with the beautiful wavy pink thickened collagen 
bundles in a lattice pattern.
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12 patients, the study was limited by a small sample size. The 10‐point grading 
system differed from the Goodman and Baron scale in that it lacked correspond-
ing qualitative markers, likely decreasing reproducibility [9].

Treatment with microneedling in acne patients and for other indications pro-
motes skin rejuvenation by creating small puncture wounds in the epidermis and 
dermis. This injury triggers the wound‐healing cascade and alters the modulation 
of growth factors to promote regenerative effects [10, 11]. Following micronee-
dling therapy, increases occur in elastic fiber formation, collagen deposition, and 
dermal thickness [12]. Of interesting histologic note, collagen is deposited in the 
normal lattice pattern following this treatment rather than in the parallel bundles 
typical of scars (see Figure 7.5) [13].

Alopecia

Hair plays an important role in identity, self‐perception, and psychosocial func-
tioning. Hair loss can be a devastating experience that decreases self‐esteem and 
feelings of personal attractiveness while also leading to depression and anxiety 
[14, 15]. Patients are seeking effective procedures with reduced downtimes.

Platelet‐rich plasma – monotherapy and alopecia treatment

PRP as monotherapy has demonstrated significant improvements in hair growth 
when treating androgenic alopecia (AGA) in dermatology (See Table 7.2). PRP growth 
factors promote hair regrowth by stimulating stem cell differentiation of hair follicles, 
inducing and prolonging the proliferative anagen phase of hair follicles, as well as 
activating antiapoptotic pathways and promoting angiogenesis to increase perifol-
licular vascularization and the survival of dermal papilla fibroblasts (Table 7.2) 
[15, 16–18]. Platelet‐rich plasma is derived from the supernatant of centrifuged 
whole blood and then injected into the dermis of the scalp to stimulate hair growth.

Although use of PRP is not approved or cleared by the FDA for treatment of hair 
loss, several studies have demonstrated the efficacy of autologous PRP use for 
treating AGA [19]. One pilot study of 19 male and female participants given a total 
of five PRP injections monthly for three months and subsequently at months four 
and seven found a statistically significant improvement in mean hair density, hair 
diameter, and terminal‐vellus hair ratio at the one‐year follow‐up. Furthermore, 
histomorphometric evaluation demonstrated a decrease in perivascular inflam-
matory infiltrate [20].

Several studies indicate that PRP is a promising treatment for thinning hair [2]. 
Both male and female pattern hair loss, as well as alopecia areata, can be improved 
with PRP. A trial of 40 men and women found that subdermal PRP injections 
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administered three times per month, with booster injections administered three 
months later, was more effective than other injection regimens, including once‐
monthly injections [21, 22]. Activators such as collagen, thrombin, 10% calcium 
chloride, and calcium gluconate may be added to the PRP serum to promote fur-
ther growth factor secretion upon platelet activation [23]. However, different 
means of activation are used in different trials, potentially leading to varying 
results in clinical trials, with no one proven superior method [24–26].

Studies using an insufficient number of treatments lacked substantial improve-
ments [27]. Multiple continued treatments with PRP are necessary for significant 
aesthetic improvement of increased hair density. It is thought that three injections 
spaced 8–12 weeks apart each year is the minimum frequency in order to observe 
any clinically beneficial result (see Figure 7.6).

In clinical practice, most physicians commence with a series of monthly injec-
tions for three to four sessions, then continue with maintenance therapies once 
every six months (twice a year). This will vary based on the patient’s response and 
physicians have used monthly treatments for up to six sessions with a more fre-
quent maintenance regimen. This is dependent on the patient’s clinical response, 
which is influenced by multiple factors: age, genetics, stress level, and overall 
health. More research is needed to determine proper frequency, dosing, and main-
tenance protocols to optimize results.

The main drawback of PRP use is that there is no consensus regarding exact con-
centration, utility of activators, dosing parameters, depth of injection, or frequency 
of sessions [23]. Transient pain and erythema are the most common side effects of 
PRP injections, with no major adverse effects reported in the literature [27].

Microneedling

Microneedling also has shown promise in treating androgenic alopecia, increasing 
hair regrowth in patients who previously showed poor response to conventional 
therapy with minoxidil and finasteride [11, 12]. PRP is developed by enriching 

Table 7.2  Importance of alpha granules in hair loss.

Granule Type Mediator Examples Role

Adhesion modules Fibrinogen Leukocyte adhesion

Chemokines CXCL‐1, 4, 5, 7, 8CCL‐2, 3, 5 WBC recruitment

Cytokines IL‐1β Antigen presentation

Growth factors PDGF, TGG‐β Would healing, immune 
modulation

Microbial proteins Kinocidins, Defensins, Throm 
bocidins

Antimicrobial peptides
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blood with an autologous concentration of platelets. The typical platelet count of 
whole blood is approximately 200,000/μL; PRP aims to prepare a platelet count of 
at least 1,000,000/μL in a 5 mL volume [14]. The key component of PRP is its high 
concentration of growth factors, including platelet‐derived growth factor, trans-
forming growth factor, vascular endothelial growth factor, and epithelial growth 
factor [15].

Microneedling is proposed to increase hair regrowth by triggering the wound‐
healing response, which ultimately augments the release of platelet‐derived and 
epidermal growth factors while also activating the hair bulge [28]. Treatment often 
is performed with a roller instrument that uses needles 0.5–2.5 mm long. Topical 
anesthetic cream may be applied prior to treatment [29]. The treated area is then 
washed and an antibiotic ointment is applied [30]. Management regimens typi-
cally require daily to weekly treatments, with a total of 12 to 28 weeks to demon-
strate an effect.

Microneedling has demonstrated efficacy in the treatment of hair loss, espe-
cially when combined with minoxidil. One study randomized 68 patients to 
undergo microneedling with minoxidil solution 5% twice daily, compared to a 
control group of minoxidil solution 5% twice daily alone. After 12 weeks, patients 
treated with microneedling and minoxidil had significantly higher hair counts 

(a) (e) (c) (b)

(d)

Figure 7.6  Steps for PRP collection in a single‐spin method. (a) Blood collection venipuncture 
from antecubital vein. (b) Transfer of blood into collection tube for centrifugation. (c) Placement 
of specimen in centrifuge. (d) Withdrawal of the test tube that has the PPP, PRP, and RBC to 
withdraw the PRP for injection. (e) Subdermal injection of PRP into the scalp. Source: art4stock/
Shutterstock.com.
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than the control group (P<.05) [31]. It is speculated that microneedling increases 
penetration of topical medications, including minoxidil, across the skin barrier, 
thereby enhancing absorption of large molecules [28].

Combination of microneedling and PRP

Topical PRP has been used synergistically to augment the effects of micronee-
dling. A trial randomized 93 patients with alopecia to receive minoxidil solution 
5% alone, minoxidil solution 5% plus PRP, or microneedling with PRP. Hair 
growth was appreciated in 26 of 31 patients treated with microneedling and PRP 
[32, 33], compared to 10 of 31 and 17 of 31 in the other two groups, respectively. 
However, when hair growth occurred in the minoxidil‐treated group, it occurred 
faster, with changes in hair growth at 12 weeks compared to 26 weeks in the 
microneedling group. When evaluating the efficacy of microneedling and PRP, it 
must be noted that there is no established leading protocol for treating hair loss, 
which may affect the success of the treatment.

Combination therapy: alopecia areata treatment

Hair loss affects millions of Americans each year and has detrimental effects on 
self‐esteem and psychosocial functioning. Treatment options are emerging, 
including the use of PRP and microneedling.

Platelet‐rich plasma and microneedling have been investigated recently as 
potential therapeutic options for the treatment of hair loss and hair disorders. 
Evidence from laboratory studies indicates that these treatments enhance growth 
factor production that, in turn, facilitates hair follicle development and cycling 
which is useful for the treatment of alopecia areata.

A subset of patients with alopecia areata respond insufficiently to the conven-
tionally available treatments and consequently seek alternative therapeutic options 
[34]. Microneedling is also hypothesized to enhance growth factors while aug-
menting collagen and elastin production and creating microchannels that allow 
for transdermal delivery of drugs through the stratum corneum [35].

This technique has similarly been evaluated for the treatment of androgenetic 
alopecia with promising results, and may have applications for the treatment of 
other hair disorders [30].

Although the exact mechanism of PRP has not been fully resolved, strong evi-
dence suggests that PRP increases concentrations of growth factors, cytokines, 
and proteins, thereby modulating inflammatory pathways and tissue repair [36]. 
During the wound‐healing process, platelets become activated and release the 
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contents of alpha granules that contain platelet‐derived growth factor, transform-
ing growth factor‐ß, vascular endothelial growth factor, epidermal growth factor, 
and insulinlike growth factor‐1 [37]. See the following list of growth factors in 
platelet alpha granules.
•	 Platelet‐derived growth factor α and β (PDGF‐α and ‐β)
•	 Transforming growth factor‐β (TGFβ) 1 & 2
•	 Platelet factor 4
•	 Vascular endothelial growth factor (VEGF)
•	 Insulinlike growth factor‐1 (IGF‐1)
•	 Interleukin‐1 (IL‐1)
•	 Hepatocyte growth factor
•	 Platelet‐derived endothelial growth factor
•	 Epithelial cell growth factor
•	 Fibroblast growth factor (FGF)

A study conducted by Eppley et al. in 2004 examined the composition of PRP 
taken from 10 patients ranging in age from 29 to 58 years [38]. In terms of growth 
factors, platelet‐derived growth factor, transforming growth factor‐ß, vascular 
endothelial growth factor, and epidermal growth factor were all significantly 
increased in the platelet‐rich blood relative to whole blood baseline samples.

Another study using Ki‐67 as a marker of cellular proliferation similarly identi-
fied significantly higher levels in hair removed from patients treated with PRP [39]. 
Together these results suggest that PRP may enhance proliferation of cells in the 
hair follicle and help patients with alopecia areata recalcitrant to other therapies.

Conclusion

PRP and microneedling continue to evolve as therapeutic tools in dermatology 
and aesthetic medicine. Numerous growth factors contained within PRP promote 
neocollagenesis, angiogenesis, and overall proliferation of stem cells and soft tis-
sue remodeling. PRP is easily harvested from patients’ own whole blood using 
numerous commercially available systems, making it a safe in‐office procedure. 
Top evidence‐based dermatologic indications for microneedling and PRP include 
hair restoration and skin rejuvenation, as well as improvements in acne scars. 
Combination therapy of PRP with microneedling has demonstrated synergistic 
effects, enhancing overall cosmetic outcomes. The dermatologic community 
stresses that more studies are needed to further standardize and define PRP proto-
cols for specific indications. Nonsurgical treatments continue to offer patients 
multiple options, as they are often less costly and do not carry the same risks and 
downtime associated with surgical procedures. This is an exciting area of growth 
in the field of cosmetic medicine, offering improved results for our patients.
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