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INTRODUCTION  
TO RSM AESTHETICS 9

Over the last 100 years, life expectancy in the developed world has increased by  
25-30 years.  Not only do people live longer, they also feel younger.  Feeling younger,  
it is natural to want to look younger for longer.  Enormous advances in the field of 
aesthetic and cosmetic medicine & surgery mean that much is therapeutically possible 
now that, not long ago, would have existed only in the realm of science fiction.  For 
these reasons, aesthetics has become the most rapidly expanding area of medicine, 
and it has grasped the imagination of the general public in an unprecedented way.  

CRC Press-Taylor & Francis Group, each year, make an immense contribution to the 
canon of cosmetic medical literature by their publication of major works in the field.  In 
recent years, international authors, drawn from all of the relevant medical and surgical 
disciplines, have produced a number of fascinating, informative and authoritative texts.  
A selection of chapters from these recent books are presented here. 

I hope you will enjoy reading these taster chapters as much as I have.      

Here indeed science meets art.  

Christopher Rowland Payne
149 Harley Street, London W1 

January 2017

Consultant Dermatologist to The London Clinic
Formerly Professeur Universitaire, Université de Paris-Creteil  

Founding Editor-in-Chief of the Journal of Cosmetic Dermatology
Past President & Past Sec-Gen of the European Society for Cosmetic & Aesthetic Dermatology

This FreeBook was put together to mark the RSM Aesthetics 9 meeting, the 9th 
international multidisciplinary annual meeting, covering a range of aesthetic subjects. 

Melasma and chloasma are common skin conditions, and chemical peels are often 
avoided due to their potential to turn into hyper-pigmentation. Chapter 1 “Treating 
melasma, chloasma, and postinflammatory hyperpigmentation” from Textbook of 
Chemical Peels considers the use of the Easy TCA peels and gives advice about 
decision making during the course of melasma treatment.

Hydroxyacids are used widely as cosmetic and dermatologic ingredients. Chapter 2 
“Hydroxyacids” from Cosmeceuticals and Active Cosmeceuticals considers the use and 
effects of hyroxyacids as well as safety precautions. 

C R C  P R E S S C R C P R E S S . C O M
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Chapter 3 “Platelet-rich plasma and stem cells” is taken from the The Alopecias and 
covers the use of platelet-rich plasma (PRP) and stem cells to treat alopecia. PRP is 
an alternative for those who cannot use other treatments, while biological cellular 
therapy may be a safe and effective paradigm in hair restoration.

Chapter 4 “Cosmetic botulinum toxin treatment” is taken from Cosmetic Medicine  
& Surgery. Botulinum can benefit patients in a number of ways; this chapter looks at 
M-M BTX and the advantages of precise placement mini-dose injections.

Fillers are frequently used in aesthetic medicine, and despite all precautions being 
taken, adverse effects may occur, which can be catastrophic for the affected person. 
Chapter 5, “Complication of fillers”, from Cosmetic Medicine & Surgery covers the 
adverse effects, immediate, late, or delayed for different fillers and the importance  
of initiating treatment as soon as possible.

Chapter 6 “Surgical Scar revision, Dermabrasion, and Other Physical Treatments”  
is taken from Mohs and Cutaneous Surgery and deals with revisions of facial scars. 
Primarily dealt with by Mohs and dermatological surgeons, revisions need to be 
efficiently evaluated and managed to ensure the maximum improvement to the scar.

Scarring can be a problematic side-effect of traumas – such as burns – of acne and 
of medical procedures. Chapter 7 “Treatment of Scars” from Lasers and Energy 
Devices for the Skin describes evidence that the combined use of Pulsed Dye Lasers 
(PDLs) and dyspigmentation treatments could reduce the symptoms of scarring in 
both keloids and hypertrophics scars, and that while early treatment is most effective 
it may be possible to reduce scarring several months after formation. 

Note to readers: References from the original chapters have not been included in this 
text. For a fully-referenced version of each chapter, including footnotes, bibliographies, 
references and endnotes, please see the published title. Links to purchase each 
specific title can be found on the first page of each chapter. As you read through this 
FreeBook you will notice that some excerpts reference previous chapter – please note 
that these are references to the original text and not the Freebook.

C R C  P R E S S C R C P R E S S . C O M
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1 :: TREATING MELASMA, CHLOASMA, 
AND POSTINFLAMMATORY 
HYPERPIGMENTATION
PHILIPPE DEPREZ

The histological features of melasma and chloasma are discussed elsewhere in this 
book. The standard recommendations for treatment often mention only the topical 
applications tretinoin, hydroquinone, fluorinated corticosteroids, sun protection, and 
tyrosinase inhibitors; chemical peels are considered as a last resort because of their 
potential to turn melasma into postinflammatory hyperpigmentation (PIH). 
Conventional peels require conscientious prepeel preparation to avoid this danger. 
Easy TCA (ETCA), in combination with appropriate postpeel care, can be used to treat 
melasma without the constraints of prepeel preparation (Figures 1.1–1.5). Laser 
therapy is not recommended for treating melasma because lasers are difficult to use 
and have been linked to many common side effects. The numerous evolutions and 
promises of laser therapy have not solved these problems.

Before performing an Easy TCA Classic or Easy TCA Pain Control peel, it is not 
usually necessary to prepare the skin, but for patients with long-standing or resistant 
melasma or with a skin phototype higher than Fitzpatrick III, preparing the skin can 
be worthwhile and improve results.

Figure 1.1 • Melasma on the neck. The 
position might suggest poikiloderma of 
Civatte, but there is neither telangiectasias 
nor any atrophy of the skin around the follicle.

The following is excerpted from  
Textbook of Chemical Peels, Second 
Edition: Superficial, Medium, and 
Deep Peels in Cosmetic Practice by 
Philippe Deprez. 

©2016 Taylor & Francis Group.  
All rights reserved.  

Purchase a copy   HERE .

Figure 1.4 • Treatment of melasma with ETCA 
and Blending Bleaching Cream. Patient with light 
skin phototype.

Figure 1.3 • Results after four ETCA peels 
and Blending Bleaching Cream.

Figure 1.5 • Treatment of melasma with ETCA 
and Blending Bleaching Cream. Patient with dark 
skin phototype.

Figure 1.2 • On the third day after ETCA 
treatment, epidermal melanin has been 
eliminated.

C R C  P R E S S C R C P R E S S . C O M
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PREPARING THE SKIN

The following are recommended to prepare the skin before the peel:

• Blending Bleaching Cream (see Chapter 3): Applied twice a day on the melasma 
itself and once a day on the rest of the face.

• Melablock-HSP 50+ (see Chapter 3): Applied all over the face in the morning and 
then reapplied every 3 hours on the melasma itself.

Practitioners should understand that while a peel eliminates the constituted stock of 
melanin, it does not act on melanin synthesis. Blocking melanin synthesis or 
melanosomes transfer is needed to insure a long-term result (see Table 1.1).

In other words, Easy TCA can eliminate the melanin responsible for the melasma but will 
not act on melanin synthesis, which means it will not prevent melanin neo-synthesis. 
Preventing the melasma from recurring requires long-term daily care with products that 
block the chemical and enzyme pathway from tyrosine to the large polymer melanin.

Table 1.1

Products that can Nonlimitative list Remarks

Prevent melanin synthesis Tretinoin, tranexamic acid, or 
other anti-inflammatory 
molecules

They typically have little effect on 
melasma after the melanin has 
been transmitted to 
keratinocytes.

Lower melanin synthesis Azelaic acid, arbutine, 
hydroquinone, kojic acid, licorice 
extracts, resveratrol and 
oxyresveratrol, polyphenols, 
vitamin C, phytic acid

Accelerate epidermal turnover, 
to limit the transfer of  melanin 
through melanosomes, to reduce 
melanin, etc.

Arbutin, glabridin, niacinamide, 
retinoids, and linoleic and 
linolenic acids

Chemical peels, especially, allow 
the destruction of the cells 
containing melanin, to eliminate 
the actual epidermal (or dermal, 
depending on the peeling depth) 
stock of it.

APPLYING THE EASY TCA PEEL SOLUTION

Refer to Chapter 15 for details about the correct application of Easy TCA. Melasma 
can be treated in two different ways:

1. The basic protocol can be used, as in cases of diffuse, epidermal pigmentation.

2. A focal, deeper application only on the melasma area can be used. A first coat of 

C R C  P R E S S C R C P R E S S . C O M
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ETCA solution is applied to the melasma and left to dry completely (Figure 1.6). 
The desired endpoint is cloudy pink-white frosting that is the same shape as the 
melasma plus 1 cm. If there is no frosting after the first coat, additional coats of 
ETCA solution must be applied until cloudy pink-white frosting occurs. There is  
no set number of coats required, and there is no way of knowing in advance how 
many to apply. Each coat of ETCA solution must be left to dry completely before 
applying the next coat if the skin has not frosted sufficiently. More resistant skin 
shows cloudy pink-white frosting only after three or four coats.

Once localized cloudy frosting has been achieved on the melasma, the ETCA solution 
is applied to the whole face, following the instructions for the basic protocol.

It is up to the doctor whether this last coat should go over the frosting on the 
melasma as well:

• If the frosting on the melasma is pink and even, with some epidermal sliding,  
the ETCA solution should not be applied there again.

• If the frosting is uneven, the ETCA solution can be applied to the melasma again 
at the same time it is being applied to the whole face.

The previous coat must be completely dry before another coat can be applied.

Figures 1.6 > 
(a) Melasma before treatment.  
(b) Cloudy-white frosting after application 
of ETCA solution. (c) Flaking on third and 
fourth  day. (d) Results after day five with 
the second ETCA combined with Blending 
Bleaching Cream.

a

c

b

d

C R C  P R E S S C R C P R E S S . C O M
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APPLYING THE POSTPEEL MASK

The ETCA postpeel mask cream is applied to the whole face, starting from the 
melasma. A little more of the postpeel mask is applied to the melasma itself.  
The components of the ETCA postpeel mask cream work directly and specifically on 
pigmentation. If possible, after the mask has been applied, the face should not be 
washed until the following morning.

POSTPEEL DEVELOPMENTS

The acids dehydrate the keratinocytes and make the melasma appear darker the day 
after the peel and for several days after- ward (Figure 1.6). This is not a pigmentary 
change. The darkening of the melasma in the first few days after the first ETCA peel 
is, on the contrary, a positive prognostic factor, a sign that the acid is working.

REPEATING THE PEEL

The ETCA peel is repeated four times at weekly intervals (see Chapter 15). The doctor 
can change the total number of peels as well as the intervals between them, 
depending on the condition of the patient’s skin. The minimum recommended interval 
is 5 days and the maximum 15 days.

DAILY POSTPEEL CARE

Postpeel care is essential to achieve optimum results and avoid complications  
(Table 1.2).

Lightening creams (Blending Bleaching Cream) and sun protection (SPF 50+) should 
be applied beginning on the morning after the first ETCA peel.

Table 1.2

Boost the results Blending Bleaching Cream during the regeneration cycle 
• On the whole face in the morning 
• On the melasma only at midday and in the evening

Protect against stimulation from 
the sun’s rays

Melablock-HSP 50+ 
• Every 3 hours (during the cycle) 
• Sun avoidance (6 months–1 year)

Maintain the results  
(6 months–1 year daily care 
maintenance)

Blending Bleaching Cream: 3 days per week 
• Melablock-HSP 30: morning and midday 
• Four ETCA or ETCA Pain Control sessions repeated once or twice a 
year as necessary

C R C  P R E S S C R C P R E S S . C O M
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MELANIN SYNTHESIS AND HOW BLENDING BLEACHING CREAM WORKS

Figures 1.7 through 1.15 illustrate the process of melanin synthesis from the amino 
acid tyrosine up to effective melanin.

COMBINATION OF EASY TCA AND BLENDING BLEACHING CREAM

The complex formulation of Blending Bleaching Cream makes it highly effective.  
This effectiveness is the reason Blending Bleaching Cream is a required element in 
treatments for pigment problems.

As mentioned earlier, Blending Bleaching Cream inhibits melanin synthesis at the 
melanocyte level and also inhibits the transfer of melanosomes to keratinocytes, but 
it does not remove the actual skin stock of melanin.

• The cream’s latency of action when used as a unique treatment is 8 weeks. 

• Using it in combination with alpha hydroxy acid (AHA) or trichloroacetic (TCA) 
peels is ideal because the skin’s higher postpeel permeability allows the cream  
to penetrate deeper and faster, increasing and speeding up the results.
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Figures 1.7 • Melanin synthesis (courtesy of Skin Tech).
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As mentioned earlier, Blending Bleaching Cream inhib-
its melanin synthesis at the melanocyte level and also inhibits 
the transfer of melanosomes to keratinocytes, but it does not 
remove the actual skin stock of melanin.

• The cream’s latency of action when used as a unique treat-
ment is 8 weeks.

• Using it in combination with alpha hydroxy acid (AHA) 
or trichloroacetic  (TCA) peels is ideal because the skin’s 
higher postpeel permeability allows the cream to pen-
etrate deeper and faster, increasing and speeding up the 
results.

Potential Problems Persistent Dark 
Ring on the edge of the Melasma
In this case the pink-white frosting has not gone beyond the 
edge of the melasma; it should go 1 cm beyond. The peel could 
not work on the melanin around the edges (Figure 16.16).

Recurrence
To prevent the melasma from recurring:

• It is important to check that the patient has kept up with 
postpeel care.

• The four ETCA peels should be repeated once or twice a 
year.

• The need for the following should be stressed:
• Sun protection with Melablock-HSP 50+.
• Blending Bleaching Cream.

• A strong corticosteroid can be applied to the melasma 
immediately after the postpeel mask cream, after every 
peel, to reduce any inflammation.

• The use of 5% hydroquinone (and 0.05% tretinoin) in com-
bination with the Blending Bleaching Cream should be 
evaluated.

Melasma Chart
Figure  16.17 gives general advice about decisions to be made 
during a full course of melasma treatment. Note that the advice 
represents a personal point of view only. Medical treatments 
depend on the diagnosis and the treatment decision of the prac-
titioner, who has full responsibility for treatment decisions and 
possible side effects resulting from them.3

PostInFLAMMAtoRY HYPeRPIGMentAtIon
With topical treatment alone, PIH usually has a good prog-
nosis. Blending Bleaching Cream or a prescription cream 
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Figure 1.12 • The ALA-P pathway to 
melanin (courtesy of Skin Tech).

Figure 1.14 • The influence of kojic acid (courtesy of Skin Tech).

Figure 1.13 • Eumelanin + phaeomelanin + reduced melanin = mixed melanin 
(courtesy of Skin Tech).

Figure 1.15 • The effect of the sun on the skin. Left: Free radicals 
produced by sun exposure switch on melanin production. Retinol, 
tocopherol, vitamin C, kojic acid, and licorice oppose oxidative 
processes are induced by UV and responsible for inflammatory 
response. Right: Melanin accumulates in the epidermal cells. 
Retinol stimulates epidermal turnover; allantoin is a keratolytic  
and a moisturizer.
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POTENTIAL PROBLEMS PERSISTENT DARK RING ON THE EDGE OF THE MELASMA

In this case the pink-white frosting has not gone beyond the edge of the melasma;  
it should go 1cm beyond. The peel could not work on the melanin around the edges 
(Figure 1.16). 

RECURRENCE

To prevent the melasma from recurring:

• It is important to check that the patient has kept up with postpeel care.

• The four ETCA peels should be repeated once or twice a year.

• The need for the following should be stressed:

• Sun protection with Melablock-HSP 50+.

• Blending Bleaching Cream.

• A strong corticosteroid can be applied to the melasma immediately after the 
postpeel mask cream, after every peel, to reduce any inflammation.

• The use of 5% hydroquinone (and 0.05% tretinoin) in combination with the 
Blending Bleaching Cream should be evaluated.

MELASMA CHART

Figure 1.17 gives general advice about decisions to be made during a full course of 
melasma treatment. Note that the advice represents a personal point of view only. 
Medical treatments depend on the diagnosis and the treatment decision of the 
practitioner, who has full responsibility for treatment decisions and possible side 
effects resulting from them.

POST INFLAMMATORY HYPERPIGMENTATION 

With topical treatment alone, PIH usually has a good prognosis.  Blending Bleaching 
Cream or a prescription cream with hydroquinone 2%–4% and effective sun 
protection (Melablock-HSP 50+) should be used. PIH tends to improve gradually and 
naturally, and disappears completely if it is not too severe and the melanocytes are 
not stimulated by UV photons.

PIH, whether caused by trauma (e.g., a mosquito bite, scratch, or wound), laser or 
intense pulsed light (IPL) treatment or another peel, usually responds to four 
sessions of ETCA following the same guidelines as for melasma treatment.

Figure 1.16  
Persistence of a dark ring on the 
edge of the  melasma.
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Figure 1.17 • The melasma chart.
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INTRODUCTION

According to their chemical structure, hydroxyacids correspond to organic carboxylic 
acids characterized as the α- and β-types (AHA and BHA) according to the position of 
the hydroxyl group (OH) with regard to the acid (COOH) moiety. Globally, both 
categories exhibit almost similar biologic effects. These compounds are available 
worldwide, and likely have been for centuries, as dermatologic and cosmetic 
ingredients. Their acceptance by dermatologists, other physicians, cosmetologists, 
and consumers contrasts with the limited independent, well-controlled studies 
demonstrating their mechanisms of action and their long-term beneficial effects.

Health care and cosmetic regulations differ among continents and countries 
although skin biology is similar worldwide. Many physicians consider that some 
respective legal definitions of drugs and cosmetics are outdated and unworkable. It 
seems obvious that many environmental threats and topical products may produce 
some biologic effect on the skin. Hence, a series of cosmetics should be viewed as 
skin physiology modulators. Should they all be classified as real bioactive agents or 
remedial cosmetics? This is a matter of definition because bioactivity differs by 
several degrees of magnitude among product categories. In cosmetology, there is a 
huge difference between decorative formulations, suppletive compounds, and active 
physiology modulators. Many cosmetic products (makeup, hair styling, hygiene) do 
not require any biologic action despite being very efficient in terms of achievement of 
aesthetic needs. Sunscreens, for example, fit within such consideration: they do not 
interfere, per se, with skin physiology, although remain highly efficient in screening 
much harmful ultraviolet (UV) radiation from the skin. The very words “activity” (to 
induce an action) and “efficacy” (to induce an effect) have to be well differentiated.

There is vivid controversy about the concept of cosmeceuticals, designing compounds 
that fall between cosmetics and pharmaceuticals. This concept received immediate 
acceptance by some people. However, many corporate leaders contend that 
cosmeceuticals are neither scientifically sensible nor juridically necessary. In fact, 
with the exception of cosmeceuticals in the United States and “quasi- drugs” in 
Japan, national regulatory agencies have not positively recognized the cosmeceutical 
class. The lack of a clear-cut of clarification risks having negative effects. Some 
products could be potentially forbidden although they are valuable in cosmetology. 
The opposite is also true, because some products are used in cosmetology without 
adequate evaluation of their potential biologic effects. One example is provided by the 
widespread use of AHAs and BHAs. Despite their obvious anti-xerotic and their 
peeling effects at given concentrations, there is little information available about their 

The following is excerpted from  
Cosmeceuticals and Active 
Cosmetics, Third Edition by Raja K 
Sivamani, Jared R. Jagdeo, Peter 
Elsner, Howard I. Maibach. 

©2015 Taylor & Francis Group.  
All rights reserved.  

Purchase a copy   HERE .
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general toxicity and ancillary biologic effects. However, one should bear in mind the 
potential toxic effects of hydroxyacids. One example is given by O-hydroxybenzoic acid 
(salicylic acid) in the case of high percutaneous absorption, particularly in children.

CHEMICAL STRUCTURE AND NATURAL SOURCES OF AHAS

AHAs range from simple aliphatic compounds to complex molecules. Many of these 
compounds were originally derived from natural sources, and thus are commonly 
referred to as fruit acids. 

Table 2.1

Hydroxyacid Classification

α-Hydroxyacids

Monocarboxylic acids: 
 Glycolic acid 
 Lactic acid 
 Mandelic acid

Dicarboxylic acids: 
 Malic acid 
 Tartaric acid

Tricarboxylic acid: 
 Citric acid

β-Hydroxyacids

Salicylic acid (ortho hydroxybenzoic acid)

Lipohydroxyacid (2-hydroxy-5-octanoyl benzoic acid)

Tropic acid

However, a number of synthetic sources provide access to structural analogs. Most 
AHAs used in dermatology and cosmetology are currently produced by chemical 
synthesis. They are characterized in chemical groups based on the number of 
carboxylic groups (Table 2.1). According to their configuration, AHAs are present 
under different stereoisomeric structures called enantiomers “l” and “d” or “R” and 
“S.” Some of the common AHAs occur naturally in an enantiomerically enriched 
form, and both enantiomers may be available. 

Glycolic acid (2-hydroxyethanoic acid) is a component of sugar cane juice. Lactic acid 
(2-hydroxypropanoic acid) was first isolated in 1780. The l-lactic acid produced by the 
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microorganism Lactobacillus is responsible for the taste and odor of sour milk. It is, in 
addition, an end product of the anaerobic metabolism of the epidermis, present onto 
the skin surface and in eccrine sweat at low concentration. The other enantiomer 
d-lactic acid, also called sarcolactic acid, is formed during anaerobic muscular 
contraction, and is also found in apples, ergot, digitale, opium, and tomatoes. Mandelic 
acid (2-hydroxy-2-phenylethanoic acid) is obtained from hydrolysis of bitter almond 
extracts. Malic acid (2-hydroxy-1,4-butanedioic acid) was first isolated from unripened 
apples in 1785. Tartaric acid (2,3-hydroxy-1,4-butanedioic acid) was first isolated in 
1769. It is widely distributed in plants, particularly in grapes and the lees of wine. Citric 
acid (2-hydroxy-1,2,3-propanetricarboxylic acid) was first isolated from lemon juice in 
1784. It is also found in pineapples and other citrus fruits.

BIOLOGIC ACTIVITIES OF HYDROXYACIDS

A number of biologic aspects of the hydroxyacid action remain unsettled because 
hasty conclusions were offered from uncontrolled studies. Hence, a wealth of 
hydroxyacid-enriched cosmetics are present on the market with unsubstantiated 
claims or little evidence of performance. In some instances, erroneous information 
and incorrect statements have flourished behind promotional objectives.

At least one facet of the hydroxyacid biologic activities is ascribed to the native acid 
strength of the compounds. This physicochemical characteristic is measured by the 
proton dissociation in solution, and is expressed by its pKa. The lower the pKa of a 
hydroxyacid, the stronger its acidic strength: a decrease of 1 pKa unit represents a 
tenfold increase in the acid strength. If the acid strength influences some of the 
biologic effects of hydroxyacids, it does not, however, correlate with the overall 
potency of the final topical formulation.

The pH of the formulations varies with both the nature of the hydroxyacid and its 
concentration. In order to avoid irritation as much as possible, it is desirable to 
design a cosmetic formulation with a pH close to the physiologic pH range of the 
skin. This may be achieved by partial neutralization and by adding an effective buffer. 
However, AHA products at neutral pH seem to exert little effect on skin.

In order to prevent misunderstandings and misstatements, the biologic activities of 
hydroxyacids should be evaluated with regard to their chemical structure irrespective 
of their acidity. Such information is not fully rooted in scientific data. The exquisite 
enantioselectivity exhibited by many biologic systems suggests that enantiopurity is 
an important parameter in any pharmacological effect including pharmacokinetics, 
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metabolic rate, and toxicity. Thus, the racemic components likely interact 
differentially with biomolecules of the skin. Whether such a concern is of importance 
for the effects elicited by hydroxyacids is not settled.

The clinical indications of hydroxyacids are multiple. Both AHAs and BHAs exert 
undisputable direct effects on the stratum corneum (SC), at least in the presence of 
xerosis, ichthyosis, and analogous conditions. Some hyperpigmentation disorders 
benefit from the same compounds. Comedonal hyperkeratosis in acne-prone 
subjects is commonly improved. In the field of benign tumors, keratoses and viral 
warts are effectively treated by high concentration formulations. Such treatment is 
largely related to the pH-related chemical burn. Similar caustic effects are also 
induced in order to perform skin peelings. The effect of hydroxyacids on 
actinodermatosis appears more complex, involving multifaceted mechanisms, 
boosting some of the deficient physiologic aspects of aging skin.

Most of the aforementioned effects are in part hydroxyacid dose-dependent. In this 
chapter, the category low concentration is arbitrarily defined when there is less than 
4% of active compound in the formulation. Medium concentration applies to the range 
4%–12%, and high concentration for upper dosages. From a regulatory viewpoint, the 
U.S. Food and Drug Administration (FDA) considers hydroxyacids as cosmetic 
ingredients provided a maximum 10% concentration, formulated above pH 3.5. Above 
this concentration and/or below this pH, they fall under the drug categorization.

EFFECTS ON CORNEOCYTE COHESION AND STRATUM CORNEUM FUNCTIONS

During the formation and maturation of the stratum corneum (SC), the intercellular 
binding by desmosomes becomes modified into corneodesmosomes. Their numbers 
usually decrease towards the surface of the skin, most notably during the stratum 
compactum to stratum disjunctum transition. In xerotic, scaly, and ichthyotic 
conditions, ordered desquamation is impaired because desmosomes persist up to 
the outer SC leading to the unruly accumulation of corneocytes and to skin scaling 
and flacking. Environmental conditions often influence these skin conditions.

Salicylic acid is the time-honored BHA used in dermatology to improve xerotic and 
scaly conditions. Although this compound at low and medium concentrations exhibit 
little or no effect on the normal SC, there is evidence that complete corneodesmosome 
degradation is helped in various xerotic and ichthyotic disorders. It therefore appears 
that the term keratolytic applied to such a compound is  a misnomer, while a 
desmolytic agent would be more appropriate and explicit. The clinical effects of 
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hydroxyacids on such hyperkeratotic conditions is conveniently assessed using a series 
of biometrological methods.

A lipophilic derivative of salicylic acid was designed some years ago. It corresponds to the 
2-hydroxy 5-octanoyl benzoic acid, also named lipohydroxyacid (LHA). One of the main 
targets is clearly the corneodesmosomes which appear to be weakened following altered 
chemical bonds in the junctional complexes. Subtle differences in desmolytic activity of 
salicylic acid and LHA were ascribed to the respective hydrophilic and lipophilic natures 
of these compounds. LHA is likely to have a potential clinical advantage, as it appears to 
only interact with the more superficial layers of the SC. In addition, its activity is more 
closely targeted than that of salicylic acid, because it is channeled into the junction 
between the corneodesmosome and the corneocyte envelope. By contrast, salicylic acid 
degrades corneodesmosomes rather indiscriminately.

Various AHAs, particularly lactic acid and glycolic acid in the medium range of 
concentrations, have profound inhibitory effects on corneocyte cohesion. The 
usefulness of such formulations in xerotic and allied conditions is beyond doubt.  
The precise mechanisms of AHA action are poorly documented. A desirable pH for 
inducing desquamation with AHA application apparently lies between 2.8 and 4.8.  
The pH changes at the skin surface persist several hours following applications and 
affect a number of SC layers according to the AHA concentration. A discrete superficial 
lytic effect in corneodesmosomes occurs in response to low dosages. In other 
circumstances, when an appropriate amount of a given AHA is topically applied, the  
SC abruptly becomes detached at its lowermost levels within a couple of days, and 
desquamation occurs as large flakes or sheets. In such instances, no disaggregation  
of corneocytes is apparent at the upper SC levels. These changes result in skin peeling. 
To explain this event, speculation has been made on the interaction between AHAs and 
various enzymatic processes involved in the maturation and disaggregation of the SC.

In addition to the therapeutic effect of the various hydroxyacids improving 
hyperkeratotic disorders, the same products yield cosmetic benefits by increasing 
plasticization and flexibility of the SC without impairing the barrier function. This 
barrier function was even reported to be improved by some AHAs, leading to 
increased resistance to SLS-induced skin irritation. The latter beneficial effect was 
not equal for all hydroxyacids, being more marked for AHAs characterized by 
antioxidant properties.  A similar protection was not provided by applications of 
salicylic acid.
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PEELING AND CAUSTIC EFFECTS

When applied to the skin at high concentrations, AHAs may cause necrosis and 
detachment of keratinocytes corresponding to exogenous epidermolysis. Such an 
injury results in a chemical peel depending primarily on the disruption of the skin pH. 
The farther away from the physiological pH, the greater the caustic effect, the greater 
the risk of adverse events, but the more likely the patient receives the resurfacing 
benefits of the peeling agents. A tolerable sense of burning and itching is often 
experienced by the patients.

The indications of such treatment modality encompass the destruction of slightly 
elevated seborrheic and actinic keratoses. The full-strength preparation must be 
applied carefully and exactly to the target lesions in an office procedure. After a few 
minutes, the entire lesion is curetted off. Viral warts are similarly eradicated by 
hydroxyacids in a home-administered treatment, with applications made daily for 
several days. To shorten the treatment period, the outer portion of the hyperkeratosis 
should be removed with a scalpel in an office setting.

HYPOPIGMENTING EFFECT

Glycolic acid peels are a useful adjunctive treatment of epidermal hypermelanosis 
such as in melasma and acne scars. The association of 10% glycolic acid and 2% 
hydroquinone improves this disorder. Still another therapy combines 5% glycolic acid 
and 2% kojic acid. It is thought that AHAs act like penetration enhancers and 
accelerate the epidermal turnover.

ACNE AND PSEUDOFOLLICULITIS TREATMENT

Salicylic acid is listed among active products to treat acne. However, clearcut evidence 
for a significant benefit at low concentration in well-controlled experimental and 
clinical trials is scant. Similarly, medium concentrations of AHAs such as glycolic acid, 
lactic acid, and mandelic acid are employed twice daily to improve mild acne. It has 
been postulated that hydroxyacids promote dislodgement of comedones and prevent 
their formation as well. Many of these treatments await validation by independent 
controlled studies. In our experience, the lower AHA concentrations as present in some 
cosmetic products exhibit little or no effect whatsoever on acne and comedones.

Another modality of acne treatment consists of using high concentrations of glycolic 
acid in an office setting. The procedure has to be repeated weekly or so. In addition to 
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the comedolytic effect, the higher hydroxyacid concentrations help to unroof pustules 
and affect the follicular epithelium. The skin condition improvement is reported to be 
precipitous while patients were taking oral tetracyclines. Discomfort, mild diffuse 
erythema, and fine scaling are often experienced by patients. In addition, there is a 
risk for stronger irritation leading to a papular and perifollicular erythema that 
commonly persists for a few weeks.

A 2% LHA formulation was shown to exert a comedolytic effect in acne-prone 
subjects. The lipophilic properties of LHA allow maximum concentration inside the 
SC, particularly in the sebum-enriched infundibulum of the pilosebaceous units. 
Thus, the compound is likely to be trapped in lesional sebaceous follicles which 
represent a critical therapeutic target in comedonal acne. The product has shown 
efficacy in preventing post-summer comedonal acne and in treating mild acne. LHA 
has the capacity to decrease both the number and the size of the cornified follicular 
plugs induced by intense ultraviolet (UV) light exposure. The combination of the LHA 
formulation with a retinoic acid cream every other evening results in the overall 
decrease in the functional and physical intolerance reactions. Pseudofolliculitis is 
another related disorder that can be improved by topical AHA treatment. Rosacea 
might similarly benefit from the combination of an evening AHA cream and a sun-
protective daytime preparation.

BOOSTING SKIN PHYSIOLOGY

One fascinating aspect in the effects of hydroxyacids is the boosted physiology that 
was claimed to occur in the epidermis and dermis. Accordingly, some of these 
compounds are used to correct skin atrophy and to induce a gradual reduction in the 
aging signs including pigmentary changes and wrinkles of fine and moderate depths. 
However, only a few controlled clinical trials and experimental studies have been 
conducted to validate these observations.

After a few days of application of 12% glycolic acid at low pH, fine wrinkles of the face 
may vanish as a result of the irritation and dermal edema. Besides the untoward 
immediate effect of stinging, such smoothing effect is rapidly alleviated upon arrest 
of the topical treatment. Furthermore, in long-term applications, there is some 
concern regarding the occurrence of chronic low-grade inflammation producing 
reactive oxygen species (ROS) damaging cells as well as collagen and elastic fibers. 
However, signs of repair and reverse changes of aging and photoaging were reported 
on long-term therapy. Such findings were not confirmed in other studies, which 
rather indicated an almost absence of AHA effects on major skin aging features. In 
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fact, deposits of glycosaminoglycans in the dermis result from inflammation which 
has been mistakenly interpreted as a correction of aging. A comparative controlled 
study showed that tretinoin was more active than medium concentrations of glycolic 
acid in the improvement of the facial skin tensile properties. It should be noted that 
the combination of tretinoin and AHAs may be beneficial in improving the aspect of 
photoaged skin.

In contrast with salicylic acid, low concentrations of LHA elicit a dermo-epidermal 
stimulation leading to increased keratinocyte proliferation and epidermal thickness. 
Such effects are more evident in older skin and remain within the physiologic range 
of normal skin. At the difference with other AHAs and BHAs, angiogenesis is 
moderately increased by LHA. An increased number of Factor XIIIa-positive dermal 
dendrocytes occurs after topical applications of AHAs and LHA. These cells may 
influence the metabolism of fibroblasts and endothelial cells. The increase in  
Factor-XIIIa expression may somehow relate increased vascularity and dermal 
improvements following LHA and tretinoin treatments in photo-aged patients.

SAFETY

Adverse reactions following LHA applications are mostly represented by stinging 
sensations without any other clinical and histopathological signs of irritation. 
However, the higher concentrations are responsible for severe redness, swelling 
(especially in the area of the eyes), burning, blistering, bleeding, rash, itching, and 
skin discoloration. Their long-term effects are unknown. It has been claimed that 
BHAs are effective as exfoliants without the occasional irritation associated with the 
use of AHAs.

Some AHA users suffer from greater reactivity to sun exposure. Indeed, it was 
reported that subjects who receive AHA products in the presence of UV radiation 
experience twice the cell damage in areas where the AHA is applied than controls.

The U.S. FDA stated that AHAs were readily absorbed into the skin at varying rates. The 
most rapid absorption occurred with AHAs at lower pH. The safety of salicylic acid used 
as a cosmetic ingredient was evaluated by the U.S. FDA and the Cosmetic Ingredient 
Review (CIR). They concluded that products containing salicylic acid should contain a 
sunscreen or bear directions advising consumers to use other sun protection.
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CONCLUSIONS

AHAs and BHAs enjoy tremendous interest in dermatology and cosmetology. These 
compounds under the presentation of peels and home regimens are recognized as 
important preventive means and adjunctive therapy in a variety of skin conditions. 
Thus, they attract media attention and consumer curiosity. Claims and proven effects 
are contradictory by some aspects. LHA had appeared effective in the treatment of 
signs of skin aging and in acne treatment without the occasional irritation associated 
with the use of AHAs.

Much remains to be learned, and speculations must be turned to facts. Improved 
regimens capitalizing on the various beneficial effects of hydroxyacids should be 
explored. Synergistic effects can be expected with some other compounds. 
Considering the safety status, consumers who use AHA and BHA products should 
follow some precautions about ultraviolet radiation exposure.
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INTRODUCTION

Autologous cellular therapy is a medical paradigm that allows the safe use of our 
own cells to enhance surgical and nonsurgical procedures in the treatment of hair 
loss diseases. 

Regenerative growth factors and stem cells in our body modulate the rate of repair 
that other healing cells perform. Think of them as the maestro leading the orchestra 
into a beautiful musical piece, first directing the horns to play, then calling the 
strings to join in, all the time, regulating the flow, depth, and tempo.

PLATELET RICH PLASMA (PRP)

Currently, autologous platelet-rich plasma (PRP) has been used in diverse indications 
for more than 30 years with effective results. The first publication on this subject goes 
back to 1975 and deals with the use of platelets as physiological adhesives in corneal 
surgery. Since then, the literature has widely supported and covered their functions  
and effects. Most specialties were interested in PRP when a repairing process was 
necessary: Osseous regeneration in dental surgery, healing of ulcers in diabetic 
patients, large-scale burns, in orthopedics, in rheumatology, in sports medicine, and  
in plastic surgery (cosmetology). There have been numerous reviews of published 
literature regarding autologous cellular therapy use in wound care, and Carter et al. 
published a 10-year systemic review and meta-analysis that included strict protocol 
inclusion of 24 peer-reviewed published papers from 8577 citations on acute and 
chronic wounds. In 1996, biology showed a positive effect of growth factor on the hair 
follicle. Since that time, this process has increasingly been used by physicians.

DEFINITION: PHYSIOLOGY

Platelets are small particles without nucleus, coming from the fragmentation of the 
megacaryocytes. Their life span is about 10 days. They contain granulations. The 
morphology of the platelets changes when they become activated: They became 
round, with pseudopods, and they release alpha granules, within which those growth 
factors are stored. More than 60 factors have been identified. The secretion begins 10 
minutes after activation, and 95% of the factors are secreted in the first hour.

The most important growth factors for hair applications are (Table 3.1):

The following is excerpted from  
The Alopecias: Diagnosis and 
Treatments by Pierre Bouhanna, 
Eric Bouhanna. 

©2015 Taylor & Francis Group.  
All rights reserved.  

Purchase a copy   HERE .
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Table 3.1 • Most Important Growth Factors for Hair Applications

Growth Factors Area Effect

PDGF Epithelial cells and sebaceous 
glands of hair follicles

Hair canal formation

VEGF Vascular plexus in dermal papilla Improve follicle vascularization

EGF Epithelial cells and fibroblast Improve the ratio of anagen

High doses of EGF can induce regression of 
the follicle

IGF 1 Keratinocytes Slow down apoptosis

FGF Keratinocytes and endothelial cells Promote the anagen phase

NGF Perifollicular neurogenic Modulating effect on the hair depending on 
the receptor with which it interacts

•  PDGF (platelet-derived growth factor) stimulates the growth of dermal mesenchyme.

•  VEGF (vascular endothelial growth factor) increases vascular permeability. The 
hair follicle is an avascular structure. The growth of hair depends on the vessel 
capillaries that form the vascular plexus in dermal papilla.

•  EGF (epidermal growth factor) stimulates mitosis on epithelial cells and 
fibroblasts, and improves the ratio of anagen. EGF inhibits the entry in the catagen 
phase, promoting the anagen phase.

• IGF-1 (insulin-like growth factor) regulates at the cellular level the expression of  
a powerful messenger anti-apoptotic capable of preventing cell death.

•  FGF (fibroblast growth factor) stimulates the proliferation and differentiation of 
keratinocytes and endothelial cells.

•  NGF (nerve growth factor) stimulates hair growth and slows apoptosis. NGF has  
a modulating effect on the hair depending on the receptor with which it interacts. 
NGF acts also as a stress mediator. This is certainly a good way to explain the 
stress and hair loss correlation.

Figure 3.1 • Process of PRP therapy

Collect blood Separate the platelets Extract platelet-rich plasma Inject scalp area with PRP

C R C  P R E S S C R C P R E S S . C O M



30

3 :: PLATELET-RICH PLASMA  
AND STEM CELLS
GILBERT AMGAR, JOSEPH GRECO, AND FABIO RINALDI

PREPARING PROCEDURE

The procedure to obtain PRP begins by doing a blood sample on an anticoagulated 
tube (Figure 3.1). Then tubes are centrifuged for about 5 to 10 minutes at 600–1200 
G. (Speed and time depend on the kit protocol.) According to their density, the red 
cells go down in the tube (Figure 3.2). On the upper part, we find the plasma and the 
platelets. We usually talk about PRP when we have a concentration three to seven 
times normal standards.

The patient must sign an informed consent describing the procedure, the 
contraindications, the expected benefits, and the possible side effects.

The contraindications are cervicofacial cancer history, hematologic diseases, 
pregnancy, active local infection, and anticoagulant treatment. We have to pay 
attention to history of allergies because activated platelets also release histamine.

Application fields

In 2012, an in vivo animal study conducted by Li showed that the injection of activated 
PRP into the skin of mice once every 3 days for 3 weeks greatly stimulated hair 
growth. According to the results, PRP increased hair growth and hair follicle survival 
due to its promotion of cell proliferation and its anti-apoptotic properties. Thus, PRP 
can potentially prolong the anagen phase of the hair growth cycle.

For humans, the three principal applications fields are androgenic alopecia (AGA), 
alopecia areata, and surgical procedures.

ANDROGENIC ALOPECIA

The prevalence of progressive AGA approaches 50% of Caucasian men and women 
beyond the age of 40; whereas in Asian, Native American, and African American men 
the prevalence is lower and AGA is less severe.

Four studies bring us interesting results concerning PRP and androgenic alopecia.

The first from Rinaldi and Co is an in vitro study realized on 50 patients. Twelve 
follicles were taken from each patient, four follicles were divided in PRP, four in 
Ringer solution, and four in standard solution. Then, the mitotic activity was 
measured. The result shows a significant increase of mitotic activity and reduction of 
apoptotic process in the PRP group.

Figure 3.2 • Once centrifuged

Figure 3.3 
Male androgenic alopecia. 
(a) Before and (b) 8 months after PRP 
session. (Courtesy of Dr. Greco.)

a

b
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The study by Kiyosawa and Co was conducted on 26 
volunteers with thin hair who received five local treatments. 
They were evaluated for 12 weeks. Areas were photographed 
and digitally measured. The result shows that PRP improves 
the density 16% at 12 weeks.

In another study, Greco and Brandt show that traumatizing 
and infusing growth factors into the scalp reversed 
miniaturization over an 8-month period when compared to 
control. Ten hair samples were taken from each patient, five 
patients in the control group (CG) and five patients from the 
treatment group (TG). Hair diameter was measured with a 
Starrett micrometer.

The CG demonstrated a 2.8% average decrease in hair shaft 
diameter at 4 months and 3.5% decrease at 8 months. (This  
is the classical evolution of androgenic alopecia.) An increase 
of 9.7% in average hair shaft diameter at 4 months and then 
6.1% at 8 months was observed in the TG (Figure 3.3).

A recent evaluation conducted by Amgar and Bouhanna 
brings objective parameters for the human scalp (Figures 3.4 
through 3.6). Seventy patients (male and female) were 
included. They all got digital measurement (Figure 3.7) (tattoo 
mark, hair density, caliber, and terminal/vellus ratio) and 
standard photographs. Blood, 60 cc, was drawn, and 10 cc of 
PRP was processed without any activation. The scalp was first 
traumatized with a 1.5 mm micro needling roller. Patients got 
two sessions with 3 months between them. At 3 months, they 
observed a density variation of 19.7%. That means [(third-
month density–initial density)/initial density]. At 6 months, 
density variation reached 32.79%, and it was 38% at 12 
months. The other way to evaluate the yield of this method is 
to report the result to a base 100 (as if every patient had 100 
hairs/cm² at day 0). The yield is 23%. The mean caliber did not 
show variation, but if we separate the male and female 
population we observe an improvement for women. We can 
also observe that this curve is not linear but logarithmic.  
That caused the authors to think that they did not create new 
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the alopecias

density variation reached 32.79%, and it was 38% at 12 
months. The other way to evaluate the yield of this method 
is to report the result to a base 100 (as if every patient had 
100 hairs/cm² at day 0). The yield is 23%.The mean cali-
ber did not show variation, but if we separate the male 
and female population we observe an improvement for 

women. We can also observe that this curve is not lin-
ear but logarithmic. That caused the authors to think that 
they did not create new follicles but just saved from apop-
tosis some follicles that were unable to provide a hair. 
Once the capability is recovered, an annual session can 
maintain it.

alopecIa areata
Alopecia areata (AA) is the most common condition to 
cause inflammation-induced hair loss, having a calcu-
lated lifetime risk of 2% (Figures 17.8 and 17.9).22 It is 
characterized by well-demarcated patches of hair loss, 
which can progress to complete loss of hair from the 
scalp (alopecia totalis) or from the whole body in severe 
cases (alopecia universalis).23 Most patients are relatively 
young, and the disease burden is commonly substantial, 
leading to overwhelming effects on the patient’s quality 

(a)

(b)

Figure 17.7 (a) Before and (b) 3 months after prp ses-
sion. (courtesy of dr. amgar and dr. Bouhanna.)

(b)

(a)

Figure 17.8 male androgenic alopecia. (a) Before and 
(b) 9 months after two prp sessions. (courtesy of dr. 
amgar and dr. Bouhanna.)
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Figure 3.6 • Twelve months density variation
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Figure 17.3 male androgenic alopecia. (a) Before and (b) 8 months after prp session. (courtesy of dr. Greco.)
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Figure 3.5 • Twelve  months  density  variation  in  base 100.
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follicles but just saved from apoptosis some follicles that were unable to provide a 
hair. Once the capability is recovered, an annual session can maintain it.

ALOPECIA AREATA

Alopecia areata (AA) is the most common condition to cause inflammation-induced 
hair loss, having a calculated lifetime risk of 2% (Figures 3.8 and 3.9). It is 
characterized by well-demarcated patches of hair loss, which can progress to 
complete loss of hair from the scalp (alopecia totalis) or from the whole body in 
severe cases (alopecia universalis). Most patients are relatively young, and the 
disease burden is commonly substantial, leading to overwhelming effects on the 
patient’s quality of life and self-esteem. It is considered an organ-specific 
autoimmune disease, stemming from loss of the hair follicle’s (HF) immune privilege; 
therefore, therapies are mostly immunosuppressive. Nevertheless, treatment is still 
a challenge in AA, and no treatment is either curative or preventive. Finding new 
therapies for this condition, and improving effectiveness of existing therapies, are 
therefore of utmost importance.

Platelet rich plasma (PRP) is an autologous preparation of platelets in concentrated 
plasma. It has been investigated in several disciplines in medicine for its role in 

Figure 3.7 • (a) Before and (b) 3 months after 
PRP session. (courtesy of Dr. Amgar and Dr. 
Bouhanna.)

Figure 3.8 • Male androgenic alopecia.  
(a) Before and (b) 9 months after two PRP 
sessions. (courtesy of Dr. Amgar and Dr. 
Bouhanna.)

Figure 3.9 • Female androgenic alopecia.  
(a) Before and (b) 9 months after two PRP 
sessions. (courtesy of Dr. Amgar and Dr. 
Bouhanna.)

a a a

b b b
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wound healing, especially orthopedics and dentistry. Recently, it has also been found 
to be beneficial in dermatology, for example in acne scarring, wound healing, and fat 
transplantation. It has also been shown to promote hair survival and growth, both in 
vitro and in vivo.

Rinaldi et al. conducted a randomized, double- blinded, placebo and active-controlled, 
half-head, parallel group study to evaluate the effects of PRP on AA in vivo and showed 
that PRP administration leads to major improvements in AA lesions (Table 3.2), with 
60% of patients achieving complete remission at study termination. Currently, 
triamcinolone acetonide is considered as the treatment of choice for patch-stage AA.

Table 3.2 • Evaluation Parameters of AA Patches after Treatment with Placebo, TrA or PRP

Placebo TrA PRP

Untreated Treated Untreated Treated Untreated Treated

SALT score

T1 4.87 4.93 3.27 13.2***### 4.33 25.6***###†††

T2 6.2 5.33 5.8 18.8***### 5.73 27.6***###†††

T3 5.93 7.27 5.07 23.8***### 6.13 40.73***###†††

Dermoscopic evaluation

T0 2.67 2.67 2.6 2.6 2.67 2.6

T1 2.67 2.73 2.53 1.53***### 2.8 1.4***###†††

T2 2.13 2.6 2.67 1.27***### 2.6 0.8***###†††

T3 2.6 2.47 2.07 1.2***## 2.4 0.53***###†††

Burning/itching sensation

T0 2.6 2.6 2.67 2.8 2.73 2.73

T1 2.33 2.67 2.47 1.07***### 2.47 0.53***###†††

T2 2.33 2.53 2.53 0.4***### 2.6 0.07***###†††

T3 2.4 2.6 2.67 0.2***### 2.27 0.07***###†††

Ki-67 levels

T0 13.15 13.55 13.65 13.72 13.21 12.75

T1 15.53 19.84 13.72 32.37## 12.94 50.06***###

T2 17.61 19.81 13.81 35.59## 12.75 55.79***###†

T3 20.68 21.83 12.23 37.39## 12.88 69.09***###†

Note: Evaluation scores at four time points: T0 = beginning of study, T1 = 2 months, T2 = 6 months, T3 = 1 year. 
N = 15 for each treatment modality. 

Student t test, ***p < 0.001 when compared to placebo; ##p < 0.01, ###p < 0.001 when compared to untreated 
side of the scalp; †p < 0.05, †††p < 0.001 when compared to TrA treatment.
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The PRP is known to contain more than 20 different growth factors, which are 
important in promoting cell proliferation and differentiation. These properties are 
thought to lead to its beneficial effects on acne scarring and wound healing. More 
recently, the role of PRP in promoting hair growth has also been investigated. Uebel et 
al. have shown that storing hair grafts in PRP can enhance graft survival, improve hair 
density, and stimulate growth of transplanted follicular units. Still, the mechanisms by 
which PRP exerts its effects on HFs are still obscure. A recent study has shown in vitro 
that PRP increases the proliferation of dermal papillae cells and activates the signaling 
pathways’ extracellular signal-regulated-kinase and Akt. Additionally, fibroblast growth 
factor-7 and beta catenin, which are both stimulators of HF growth, were stimulated 
after PRP administration. Our study gives further support to the growth-promoting 
effect of PRP in hair, by providing evidence that levels of Ki-67, a marker for cell 
proliferation, are increased after PRP administration in humans.

In addition to its proliferation-inducing effects, PRP is a potent anti-inflammatory 
agent, which can suppress cytokine release and thereby limit local tissue 
inflammation. Since AA is characterized by an extensive inflammatory infiltrate, 
responsible for secretion of a variety of inflammatory cytokines, it is probable that  
the anti- inflammatory effects of PRP may be of great benefit in this condition.

Taken together, this study suggests PRP as a new treatment modality for AA, being  
a safe and a more efficient alternative for TRA, the current treatment of choice for 
AA. However, further controlled and randomized studies are needed to validate our 
findings in a larger cohort of patients.

TRANSPLANTATION SURGERY

The primary use for PRP in hair restoration surgery demonstrated an increased 
follicular yield when utilized as a graft storage medium by Uebel, and similar studies 
in hair transplant surgery by Perez-Meza demonstrated the positive use of 
autologous growth factors for wound healing and hair growth. In 2007, Greco and 
Brandt suggested expanding the use of PRP in all aspects of hair restoration surgery.

THE ROLE OF GROWTH FACTORS AND HAIR

Growth factors are present in the bulge area, where stem cells are found, and they 
interact with cells of the matrix, thus activating the proliferative phase of the hair. 
Stemcells are more primitive and of ectodermal origin; they give origin to the 
epidermal cells and the sebaceous glands. Cells of the dermal papilla, which are 
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found at the capillary base, are of mesenchymal origin. Both cells need each other, 
and when they interact through the action of various growth factors, they will give rise 
to the future follicular unit.

The main function of platelet-derived growth factor is to stimulate cell replication 
(mitogenesis) of healing- capable stem cells. It also stimulates cell replication of 
endothelial cells. This will cause budding of new capillaries into the wound 
(angiogenesis), a fundamental part of all wound healing. In addition, PDGF seems to 
promote the migration of perivascular healing-capable cells into a wound and to 
modulate the effects of other growth factors.

Numerous studies and practical applications have demonstrated how growth factors are 
essential for regulating the cellular events involved in wound healing by attracting cells to 
the wound, stimulating proliferation, and significantly influencing matrix deposition.

The TGF-beta is extremely important because it affects most aspects of tissue wound 
repair, namely, initiation and termination, and promotes differentiation and 
proliferation. The PDGF improves dermal regeneration, acts locally to promote 
protein and collagen synthesis, causes endothelial migration or angiogenesis, and 
induces the expression of TGF-beta.

METHOD OF USE IN HAIR RESTORATION SURGERY

PHASE I: HARVESTING

PRP in donor site strip harvesting and follicular unit transplantation FUT

After the subcuticular layer is closed with 3 Monocryl, PRP gel is injected into the 
wound edges from end to end. The second layer is approximated with a running 3 
Prolene suture, and PRP is then injected back into the wound (Figure 3.10).

Figure 3.10 • Injections of PRP at both skin edges
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PRP in follicular unit extraction follicular unit transplantation FUE

Since individual follicular units are extracted in the FUE procedure, PRP is injected 
into the donor site before extraction to promote hemostasis. After all follicular units 
are extracted a platelet gel is then covered over the extraction sites and a Sylon 
dressing is applied for 24 hours with a bandage to promote more rapid healing of the 
extraction sites (Figures 3.11 and 3.12).

PHASE II: GRAFTS CULTURED IN PRP

After the follicular units are dissected, they are cultured and bathed in PRP prior to 
implantation so the growth factors can attach to the stem cells in the bulge region of 
the dissected follicular units (Figure 3.13).

While dissection is ongoing and the graft design pattern is completed, the PRP is 
then injected into the recipient scalp area to maximize the effects of the growth 
factors on hair (Figure 3.14).

The growth factors in PRP provide an enriched environment to promote angiogenesis. 
In 2001, Yano identified VEGF as a major mediator of hair follicle growth and cycling, 
providing the first direct evidence that the improved follicle vascularization promotes 
hair growth and increases follicle and hair size (Figure 3.15).

The latest studies conclude that autologous growth factors demonstrate a 
considerable effect on the time of hair follicle formation and the yield of hair follicle 
reconstitution, and higher levels of growth factors were more effective at 15% versus 
lower levels at 2% or control at 0%.

Injecting PRP into the recipient area (Figure 3.16), may have other advantages for the 
nontransplanted hairs. This patient had hair transplantation in the frontal half of his 
head and his crown was injected with 10 mL of 15% PRP and no hair transplantation 
was done. Notice the miniaturized hair in the crown at 9 months after PRP injections.

In the final analysis, this author’s experience utilizing PRP in all phases of hair 
restoration surgery the past 7 years has been positive. Autologous growth factors in 
PRP enhance the procedure by (1) decreasing scaring and promote preservation of the 
donor site, (2) increase the yield of grafts, (3) and promote hair follicle reconstitution.

Figure 3.11 
PRP/Sylon dressing applied  
(a) post-up and at (b) day 7.

Figure 3.12 
PRP-FUE patient at 1 week. 
(a) Recipient area and (b) donor area.

a
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STEM CELLS

In recent years, adult human hair follicle neogenesis has been an important target in 
regenerative medicine, both for biological research and clinical interest (Table 3.3). 
Starting from the studies of the inductive capacity of the intact dermal papilla to 
produce new follicle formation in recipient human skin, much research has been 
developed to find other biological sources for hair follicle neogenesis.

For this reason, stem cells have been studied for their therapeutic potential in many 
medical fields, and in hair treatment. Stem cells and regenerative medicine 
applications evolved rapidly during the last years, especially thanks to the use of 
adipose tissue-derived stromal cells (SVF and ADSC).

Table 3.3 • Stem Cells Properties

Self-Renew: Several Cell Mitosis,  
Maintaining the Undifferentiated State Asymmetric Replication

Potency: capacity to differentiate into specialized 
cell types

Stochastic differentiation Totipotent SC 
 Pluripotent SC 
 Multipotent SC 
 Oligopotent SC 
 Unipotent SC

Source: Adapted from Pittenger MF et al. Science. 1999;284 (5411):143-147.

Stem cells are undifferentiated biological cells that can differentiate into specialized 
cells that can undergo mitosis to produce more stem cells. Stem cells can be divided 
into two main groups:

•  Embryonic stem cells, derived from the epiblast tis- sue of the inner cell mass of 
blastocyst (early stage embryo, 4–5 days old in humans, consisting of 50–150 cells).

Figure 3.13 • Follicular units cultured in PRP
Figure 3.14 
PRP injected into the recipient’s scalp
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•  Adult stem cells, derived from various tissues of child as well as adult organisms.

Embryonic stem cells are pluripotent and give rise during development to all cell 
types of the three primary germ layers: ectoderm (nervous system and skin), 
endoderm, and mesoderm.

At the moment there are no approved medical treatments using embryonic stem cells.

Fetal stem cells located in the organs of the fetus are referred to as fetal stem cells.

Adult stem cells can be found in children and adults and can be pluripotent and 
multipotent stem cells:

•  Pluripotent stem cells in humans are small in number and can be found in 
umbilical cord blood, amniotic fluid, and bone marrow.

•  The typical adult stem cells, present in many tis- sues, are multipotent (lineage 
restricted), and they only can originate the same differentiated cell types from  
the tissue of origin. Many adult stem cells have been identified:

•  Hematopoietic stem cells, differentiate into all mature blood cells.

•  Neural stem cells, differentiate into neurons, astrocytes, and oligodendrocytes.

•  Mesenchymal stem cells differentiate into fibro- blasts, adipocytes, osteoblasts, 
chondrocytes, and skeletal muscle cells.

Many other stem cells have been identified, although they are not yet well characterized.

Adult stem cells in research and therapy have been used for many years, especially in 
the treatment of leukemia and related bone cancers and blood cancers through bone 
marrow transplants.

Recently, autologous stem cell transplantation has been proven to be effective and to 
have broad prospects in regenerative medicine.

Many studies have shown that adipose-derived stem cells (ADSCs) have surface 
markers and gene profiling similar to bone marrow-derived mesenchymal stem  
cells (BMSCs) (the most effective mesenchymal stem cells). ADSCs have their own 
capacities of multidirectional differentiation, weak immunogenicity, lack of morbidity 
at the donor site, contrary to BMSCs.

It has been proven that ADSCs can enhance wound healing by promoting collagen 
synthesis and the migration of dermal fibroblasts. ADSC transplantation induces 
neovascularization in the ischemic myocardium, and the skin flaps by paracrine 
vasculogenesis promoting growth factors. Histologic examination of skin in animals 

Figure 3.15 
PRP-surgical combination. result of 
PRP hair transplantation at 9 months. 
This Ludwig III female patient did not 
have a dense hair character and this is 
her result at 9 months. (a) Before and 
(b) after.

Figure 3.16 
Male androgenic alopecia. 
(a) Before and (b) after 9 months PRP 
injections in posterior crown.

203

platelet-rich plasma and stem cells

(a) (b)

Figure 17.15 prp-surgical combination. result of prp hair transplantation at 9 months. This ludwig III female 
patient did not have a dense hair character and this is her result at 9 months. (a) Before and (b) after.

(a) (b)

Figure 17.16 male androgenic alopecia. (a) Before and (b) after 9 months prp injections in posterior crown.
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Figure 17.15 prp-surgical combination. result of prp hair transplantation at 9 months. This ludwig III female 
patient did not have a dense hair character and this is her result at 9 months. (a) Before and (b) after.

(a) (b)

Figure 17.16 male androgenic alopecia. (a) Before and (b) after 9 months prp injections in posterior crown.
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has shown that ADSCs transplantation increased the number of blood vessels to 
support sufficient oxygen and nutriments to the newly formed tissue.

Because of its abundance and its easy sampling, performing a small liposuction from 
the lower abdomen or thighs, adipose tissue is a rich source of ADSC. It represents a 
significant alternative to bone marrow mesenchymal stem cells, even though the 
frequency of ADSC is higher in adipose tissue than that of mesenchymal stem cells in 
bone marrow.

Therefore, ADSCs have great potential for accelerating skin growth. In adipose tissue, 
ADSCs are localized in the periendothelial layer of the blood vessel. After collagenase 
digestion, 1 × 105, ADSCs could be harvested from a human lipoaspiration of 20 mL of fat.

Then, via plastic adhesion, the cells could be expanded to purification. By the later 
stages of culture, 90% of the adherent cells assume a more homogeneous profile 
with consistently high levels of stromal markers. It has been shown that ADSCs 
secrete VEGF, FGFb, EGF, hepatocyte growth factor, transforming growth factor,  
and KGF. Among these factors, VEGF and FGFb are the most important factors in 
angiogenesis. After FGFb stimulates angiogenesis, VEGF regulates the proliferation 
and inhibits the apoptosis of endothelial cells.

From these data, it has been rational to try to use ADSCs and SVF in hair treatment.

Adipose-derived stem cells (ADSCs), or sometimes adipose-derived stromal cells, 
must be distinguished from the crude stromal vascular fraction (SVF). After the 
extraction of adipose tissue by lipoaspiration from the body, fat must be treated by 
collagenase digestion to obtain crude SVF.

The SVF is highly heterogenous and contains many cell types, including mature 
adipocytes, a mixture of endothelial cells, smooth muscle cells, fibroblasts, mast 
cells, pericytes, a reservoir of immature stromal cells, and hematopoietic cells (up to 
20% of total fraction). The SVF is a complex fraction that contains ADSCs (5%–10% 
more or less) but cannot be defined as a stem cell or mesenchymal stem cell 
fraction. The ADSCs should be named only the fraction containing the isolated and 
expanded ADSCs.

Once collected, fat tissue is processed to isolate the SVF using different medical 
devices able to separate ADSCs from adipose tissue particles (via enzymatic digestion 
or via mechanical separation). The SVF must be immediately injected in the recipient 
area (Figure 3.17).
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An adipose tissue sample obtained by liposuction is processed to obtain purified 
ADSCs, and then banked for subsequent cellular expansions in order to obtain a 
large number of cells stored for further treatments.

Today ADSC can be applied in treatments for which fat transplantations already 
occur, giving results 10 times higher in aging, burns, scars, breast augmentation, 
wound healing, wrinkle correction, and breast reconstruction. 

The ADSC demonstrated strong angiogenic features in ischemic hind limb, 
myocardial infarction, and wound healing. In this field they seem to be more efficient 
than their bone marrow counterpart; they also have the ability to modulate immune 
and inflammatory functions, probably mediated via paracrine activity. 

Research on Crohn disease reported that expanded ADSC are more efficient than the 
freshly prepared in controlling inflammation and improving healing processes, and the 
strong immunosuppressive effects of ADSC lead to a planned trial in multiple sclerosis.

There is quite a rich literature on the use of ADSC for soft tissue augmentation in 
plastic and reconstructive surgery, but no reported experience in the treatment of 
hair diseases, to our knowledge.
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higher in aging, burns, scars, breast augmentation, wound 
healing, wrinkle correction, and breast reconstruction.60

The ADSC demonstrated strong angiogenic features in 
ischemic hind limb, myocardial infarction, and wound 
healing. In this field they seem to be more efficient than 
their bone marrow counterpart; they also have the ability 
to modulate immune and inflammatory functions, prob-
ably mediated via paracrine activity.

Research on Crohn disease reported that expanded 
ADSC are more efficient than the freshly prepared in con-
trolling inflammation and improving healing processes, 
and the strong immunosuppressive effects of ADSC lead 
to a planned trial in multiple sclerosis.49

There is quite a rich literature on the use of ADSC for 
soft tissue augmentation in plastic and reconstructive 
surgery, but no reported experience in the treatment of 
hair diseases, to our knowledge.

Our personal data (not yet published) include differ-
ent clinical trials on patients suffering from androgenic 
alopecia (Table 17.4) and alopecia areata.

In our experience in androgenic alopecia, using SVF 
we had three very good/good results (improvement of 

hair shaft diameter, improvement of anagen/telogen 
ratio, new hair growth) on 15 patients and 12 poor or 
no results. With this technique we had two patients with 
important side effects: in one case (Figure 17.18) we had 
an infectious and necrotic reaction with temporary loss 
of hair in the area. Infection resolved after antibiotic 
therapy in 14 days, and original hair regrowth occurred 
after 3 months.

In the other case, the patient had an unexpected patch 
of alopecia areata (Figure 17.19) after 22 days from the 
treatment. We treated this patch with topic corticoste-
roids, and we had resolution of AA after 2 months. This 
patient never suffered from AA.

Cultured ADSCs gave us a significant result with 
seven patients with very good/good results (same score, 
46.6% improvement) with no side effects reported, after 
12 months from the treatment. The hair follicle neogen-
esis and neangiogenesis could be the rationale of the 
efficacy of ADSCs in androgenic alopecia (Figure 17.20, 
Table 17.5).

Adipose tissue Digestion

Cell
culture

SVF

Figure 17.17 schema: fat tissue is processed to isolate 
the svf.

Table 17.4 Androgenic Alopecia

 svf adscs

# Patients, men, 
II–IV 
Hamilton

15 15

Score efficacy 
(average)

Very good: 1 patient
Good: 2 patients
Poor : 3 patients
No result: 9 patients

Very good: 4 patients
Good: 3 patients
Poor : 3 patients
No result: 5 patients

Side effects 1 patient: infection
1 patient: onset of 

one patch of 
alopecia areata in 
the side of injection

No side effects in all 
patients

Figure 17.18 Infectious and necrotic reaction.

Figure 17.19 unexpected patch of alopecia areata.

Figure 3.17 • Schema: fat tissue is processed to isolate the SVF
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Table 3.4 • Androgenic Alopecia

SVF ADSC’s

# Patients, men,  
II-IV Hamilton

15 15

Score efficacy 
(average)

Very good: 1 patient 
Good:  2 patients 
Poor: 3 patients 
No results: 9 patients

Very good: 4 patients 
Good:  3 patients 
Poor: 3 patients 
No results: 5 patients

Side effects 1 patient: infection 
1 patient: onset of one patch of alopecia 
areata in the side of injection

No side effects in all patients

Our personal data (not yet published) include different clinical trials on patients 
suffering from androgenic alopecia (Table 3.4) and alopecia areata.

In our experience in androgenic alopecia, using SVF we had three very good/good 
results (improvement of hair shaft diameter, improvement of anagen/telogen ratio, 
new hair growth) on 15 patients and 12 poor or no results. With this technique we  
had two patients with important side effects: in one case (Figure 3.18) we had an 
infectious and necrotic reaction with temporary loss of hair in the area. Infection 
resolved after antibiotic therapy in 14 days, and original hair regrowth occurred after 
3 months.

In the other case, the patient had an unexpected patch of alopecia areata  
(Figure 3.19) after 22 days from the treatment. We treated this patch with topic 
corticosteroids, and we had resolution of AA after 2 months. This patient never 
suffered from AA. Cultured ADSCs gave us a significant result with seven patients 
with very good/good results (same score, 46.6% improvement) with no side effects 
reported after 12 months from the treatment.  The hair follicle neogenesis and 
neangiogenesis could be the rationale of the efficacy of ADSCs in androgenic alopecia 
(Figure 3.20, Table 3.5).

Figure 3.18 
Infectious and necrotic reaction

Figure 3.19 
Unexpected patch of alopecia areata

a

b c

Figure 3.20 > 
Male androgenic alopecia. (a) Before the 
treatment. (b) After the treatment.  
(c) Trichoscan evaluation. Patient with a 
very good result.
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Table 3.5 • Alopecia Areata

SVF ADSC’s

# Patients, 6 men, 9 
women–Chronic AA, 
multiple patches

15 15

Score efficacy 
(average)

Very good: 2 patients 
Good:  2 patients 
Poor: 1 patient 
No results: 10 patients

Very good: 2 patients 
Good:  3 patients 
Poor: 4 patients 
No results: 5 patients

Side effects No side effects No side effects

We need further controlled studies to verify the proper efficacy of this technique  
in AGA. In alopecia areata, using VSF we had four patients with very good/good 
results (resolution of hair disease, 26,6%) and no side effects in all the patients 
(Figure 3.21), The immunosuppressive effects of ADSCs and neoangiogenesis  
could be the therapeutic pathway of this treatment in this autoimmune disease.

The ADSCs, in alopecia areata, gave a better but non-significant result in respect to 
VSF, with very good/good results in five patients (resolution of hair disease, 33.3%).  
In this group we had five poor results, more than in the SVF group. In no patients did 
we note any side effects (Figure 3.22). We need further controlled studies to verify the 
proper efficacy of this technique in alopecia areata.

NEW  HORIZON: DERMAL PAPILLA CLONING

Hair follicles also contain stem cells, and some researchers predict research on 
these follicle stem cells may lead to successes in treating baldness through the 
activation of already existing stem cells in the scalp.

So the second source of stem cells could be the hair follicle itself: we know that the 
cycling activities of the hair follicle are controlled by a group of specialized 
mesenchymal cells located in the dermal papilla.

It was demonstrated many years ago that adult rodent dermal papilla could be  
removed from the hair follicle and transplanted into recipient skin, where they were 
able to induce de novo follicle development and hair growth. Further investigations in 
humans were unsuccessful because when dermal papilla cells are removed from their 
hair-follicle microenvironment and grown in culture, they lose key inductive properties. 
A recent study opens new perspectives demonstrating that in manipulating cell culture 
conditions in order to grow dermal papilla cells in a 3D spheroid environment, it 
becomes possible to induce a partial restoration of inductive capability, and that human 
dermal papilla cells, when grown as spheroids, are capable of inducing de novo hair 

Figure 3.22 
Female androgenic alopecia 
(a) Before and (b) result with stem 
cells treatment SVF

a

b

Figure 3.21 
Male androgenic alopecia 
(a) Before and (b) result with stem 
cells treatment ADSC
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SVF group. In no patients did we note any side effects 
(Figure 17.22).

We need further controlled studies to verify the proper 
efficacy of this technique in alopecia areata.

neW HorIzon: dermal papIlla clonInG
Hair follicles also contain stem cells, and some research-
ers predict research on these follicle stem cells may lead 
to successes in treating baldness through the activation of 
already existing stem cells in the scalp.

So the second source of stem cells could be the hair fol-
licle itself: we know that the cycling activities of the hair 
follicle are controlled by a group of specialized mesenchy-
mal cells located in the dermal papilla

It was demonstrated many years ago that adult rodent 
dermal papilla could be removed from the hair follicle 
and transplanted into recipient skin, where they were 
able to induce de novo follicle development and hair 
growth. Further investigations in humans were unsuc-
cessful because when dermal papilla cells are removed 
from their hair-follicle microenvironment and grown 
in culture, they lose key inductive properties. A recent 
study opens new perspectives demonstrating that in 
manipulating cell culture conditions in order to grow 
dermal papilla cells in a 3D spheroid environment, 
it becomes possible to induce a partial restoration of 
inductive capability, and that human dermal papilla 

cells, when grown as spheroids, are capable of inducing 
de novo hair follicles in human skin. It is the so called 
“community effect” phenomenon that occurs when 
groups of cells use close contact interactions to main-
tain their collective identity. The physical manipula-
tion of dermal papilla is not enough to induce follicles, 
whose reactivation requires communications from the 
epidermis, surrounding adipocytes, and the whole fol-
licle environment; each of these cues has the potential to 
translate to genetic changes in hair follicle and dermal 
papilla.61

summary
The most researched and publicized medical treatment 
available for male pattern baldness is 5% minoxidil lotion, 
and 2% minoxidil for female baldness. The first signs of 
improvement generally appear after 3 months of therapy. 
The side effects of minoxidil are minimal, but include 
itching, eczema, and hypertrichosis (the latter is more 
common in female patients). For male baldness, finaste-
ride taken orally and daily (1 mg) works by inhibiting the 
5α-reductase from forming DHT. The decreased DHT 
levels allow some intermediate follicles to enlarge and 
regrow normal terminal hairs. Side effects may include 
decreased libido. Cyproterone acetate (in Europe) can 
effectively block the increased levels of male hormones 
that cause hair loss in some women. Spironolactone (in 

(a) (b)

Figure 17.21 male androgenic alopecia. (a) Before and (b) result with stem cells treatment adsc.
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SVF group. In no patients did we note any side effects 
(Figure 17.22).
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efficacy of this technique in alopecia areata.

neW HorIzon: dermal papIlla clonInG
Hair follicles also contain stem cells, and some research-
ers predict research on these follicle stem cells may lead 
to successes in treating baldness through the activation of 
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So the second source of stem cells could be the hair fol-
licle itself: we know that the cycling activities of the hair 
follicle are controlled by a group of specialized mesenchy-
mal cells located in the dermal papilla
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dermal papilla could be removed from the hair follicle 
and transplanted into recipient skin, where they were 
able to induce de novo follicle development and hair 
growth. Further investigations in humans were unsuc-
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in culture, they lose key inductive properties. A recent 
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Figure 17.21 male androgenic alopecia. (a) Before and (b) result with stem cells treatment adsc.
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follicles in human skin. It is the so called “community effect” phenomenon that occurs 
when groups of cells use close contact interactions to maintain their collective identity. 
The physical manipulation of dermal papilla is not enough to induce follicles, whose 
reactivation requires communications from the epidermis, surrounding adipocytes, and 
the whole follicle environment; each of these cues has the potential to translate to 
genetic changes in hair follicle and dermal papilla.

SUMMARY

The most researched and publicized medical treatment available for male pattern 
baldness is 5% minoxidil lotion, and 2% minoxidil for female baldness. The first signs of 
improvement generally appear after 3 months of therapy. The side effects of minoxidil are 
minimal, but include itching, eczema, and hypertrichosis (the latter is more common in 
female patients). For male baldness, finasteride taken orally and daily (1 mg) works by 
inhibiting the 5α-reductase from forming DHT. The decreased DHT levels allow some 
intermediate follicles to enlarge and regrow normal terminal hairs. Side effects may 
include decreased libido. Cyproterone acetate (in Europe) can effectively block the 
increased levels of male hormones that cause hair loss in some women. Spironolactone 
(in United States) appears to be a competitive inhibitor of DHT-receptor binding.

The medical treatment has to be daily, and if the patient stops, the enhancement 
soon disappears. Also, many dermatologists do not agree to long-term prescriptions 
with hormonal therapy. New interest in preventing hair loss and baldness has been 
stimulated by cellular therapy, which normalizes hair loss and reverses hair 
miniaturization of male and female baldness. The actual protocol is two sessions  
with 3 months between them and then once every year.

We have to keep in mind that the PRP does not generate new follicles, it just helps  
to recover and stimulate follicles in apoptosis. It allows us to save a heritage that 
seemed lost and keep it. This is the reason why this treatment must be started early 
(at stage 3 for men and stage 2 for women).

The PRP is an interesting alternative for patients who cannot benefit from classical 
treatment (side effects) or do not want to take long-term hormonal therapy.

During the past 7 years, the authors have performed over 5000 surgical and 
nonsurgical treatments utilizing autologous PRP in hair loss treatments and have  
not incurred any adverse side effects. In the final analysis, the use of biologic cellular 
therapy may be the safest, most versatile, promising paradigm in hair restoration. 
While this may, or may not be true, only time and critical review will tell.
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INTRODUCTION

Botulinum (BTX) provides many opportunities for therapeutic benefit. Apart from 
dynamic rhytids, BTX can benefit focal hyperhidrosis, migraine, and tension headache 
as well as many other disorders, as wide ranging as cerebral palsy, stroke with upper 
motor neuron spasticity, blepharospasm, strabismus, torticollis, myofascial pain, 
esophageal spasm and achalasia, anal fissure, bladder detrusor overactivity, 
vaginismus, temporomandibular joint dysfunction, bruxism, masseter muscle 
hypertrophy (MMH), and even depression.

BTX not only diminishes unwanted muscular hyperactivity and hyperhidrosis, it also 
results in measurable improvements in skin quality, for example, BTX treatment 
decreases transepidermal water loss (TEWL) and increases stratum corneum hydration.

HISTORY

In nature, BTX is produced by the bacterium Clostridium BTX. BTX is the chemical 
mediator of botulism, which is a food poisoning-induced muscular paralysis.

In 1980, Alan Scott used BTX on a patient for the treatment of strabismus. In 1992, 
Carruthers and Carruthers reported the use of BTX for the treatment of glabellar 
wrinkles caused by frowning. The cosmetic use of BTX has been well recorded.

MODE OF ACTION

At the neuromuscular junction, stimulated nerve endings release a neurotransmitter, 
acetylcholine (ACh).  ACh binds to the ACh receptor on the muscle fiber, stimulating a 
cascade that eventuates in muscle contraction. BTX blocks the release of ACh from 
the nerve ending and so inhibits muscle contraction.

The release of ACh is triggered by the action of mem- brane proteins located within 
the terminal nerve endings. By binding to these specific proteins, BTX blocks the 
release of ACh. Each of the BTX serotypes cleaves to a different membrane protein, 
thus, exerting a different clinical effect. Only five serotypes of BTX affect the human 
nervous system: BTX- A, B, E, F, and G.

The clinical effect of BTX-A begins to be apparent after 48 hours, reaches its 
maximum after 1–2 weeks, and lasts for 3–6 months. Its action wanes as new 
collateral nerve endings sprout from the original damaged nerve endings. This 
begins 4 weeks after treatment. Later, the damaged original nerve endings 

The following is excerpted from  
Cosmetic Medicine and Surgery by 
Pierre Andre, Eckart Haneke, 
Leonardo Marini, Christopher 
Rowland Payne. 

©2016 Taylor & Francis Group.  
All rights reserved.  

Purchase a copy   HERE .
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themselves regenerate and regain their function. Then the new collateral sprouts 
retract and disappear.

WRINKLES AND RHYTIDS

Not all wrinkles or rhytids are undesirable, for example, in the case of Sir Winston 
Churchill (1874–1965), determination and empathy were conveyed by contraction of 
the corrugator.

A wrinkle may be defined as a skin crease that disappears at rest; a rhytid may be 
defined as a skin crease that persists at rest.

Wrinkles and rhytids may result from:

1. Gravity (gravitational)  

2. Sleep (compression)

3. Muscle contraction (dynamic)

Wrinkles and rhytids due to gravity or sleep are not the concern of this chapter.

Dynamic facial wrinkles are skin creases that occur when a facial muscle contracts 
and disappear when it relaxes. Dynamic wrinkles disappear because the muscle 
relaxes and skin quality is unimpaired.

Dynamic facial rhytids, on the other hand, are skin creases that occur when the 
muscle contracts but do not entirely disappear when it relaxes. They persist at rest 
because of:

1. Excessive muscular contraction 

2. Impaired skin quality

Excessive muscular contraction may be the result of excessive resting muscle tone or 
repeated and/or prolonged muscle contractions. Normal healthy striated muscles, 
including facial muscles, have the capacity to contract at the conscious will of the 
subject, e.g., closing the jaw or creating a facial expression. In full extreme 
contraction, the jaw is very tightly closed and the face contorted. At rest, the muscles 
relax but not completely; there is some unconscious residual contraction, known as 
resting tone, which occurs without the conscious will of the subject. If they were not, 
the jaw would fall open and the face would look featureless, as in death. Resting tone 
is greater in those who are subject to stress or suffering from anxiety or depression; 
in these people, muscle tone may be excessive at rest. Muscular contraction is 
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repeated and prolonged in patients with hyperdynamic faces (such patients also often 
suffer from stress) and also in those who have repeatedly screwed up their eyes when 
being exposed to strong sunlight or other adverse weather conditions. Furthermore, 
constant and repeated unconscious contraction leads the muscles to hypertrophy, so 
gradually worsening the rhytids.

Impaired skin quality is usually mainly due to photodamage, with thinning of the 
dermis and reduced elasticity. Intrinsic ageing (chronoageing) also thins the skin 
somewhat. In a small minority of patients, impaired skin quality is due to scarring, 
such as acne scars. In photodamaged skin with its UV-induced loss of dermal 
thickness, when the facial muscles cease contracting, the skin is less able to spring 
back to an unwrinkled state and the wrinkles persist as dynamic rhytids. Rhytids like 
these are almost as much a consequence of photodamage as of excessive muscular 
contraction (irrespective of whether the muscular contraction has been due to 
excessive resting tone or repeated and/or prolonged muscle contractions).

Dynamic rhytids are usually a product of both excessive muscular contraction and 
impaired skin quality. Typically, patients who seek treatment for dynamic rhytids have 
elements of both impaired skin quality and excessive muscular contraction. Most are 
white and affected by photodamage. Many exhibit a degree of anxiety or depression.

By reducing muscle strength, BTX brings improvements in dynamic rhytids not only 
for those with excessive muscular contraction but also for those with impaired skin 
quality combined with “normal” muscular contraction.

AESTHETIC INDICATIONS FOR BTX

Aesthetic indications for BTX are legion. Many relate to the rebalancing of resting muscle 
tone. Relative overactivity of one muscle or muscle group can be reduced using BTX.

Good indications for BTX are

1. Rhytids resulting from unwanted or excessive muscular contraction  
(with or without photodamage)

Poor indications for BTX are

2. Fine rhytids from photodamage alone or chronoageing alone

3. Gravitational rhytids 

4. Sleep rhytids
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In certain parts of the world, abolition of frontal and glabella movement is the goal.  
In other parts of the world, the aim is   a more natural look with a reduction in resting 
rhytids without impairment of expressions of animation. This more natural result can 
be achieved by using lower doses of BTX, applied in a more tailor-made fashion. This 
is the goal of multi-mini BTX (M-M BTX).

PRETREATMENT CONSULTATION

As with all elective procedures, the good physician remembers that mutual trust and 
good communication are at the heart of a successful doctor–patient relationship, 
which is itself, like patient selection, an important determinant of patient satisfaction 
with treatment. Verbal exchange and eye contact are essential steps in these 
processes. All this is much more easily achieved if the initial consultation follows the 
classical medical model with clinical history, physical examination, and diagnosis 
followed by a discussion with the patient of the treatment options. All the better for 
the patient and the patient’s confidence in you if your consultation also reveals other 
matters of a non-cosmetic nature that you can help the patient with, e.g., an 
incidental skin malignancy.

PSYCHOLOGICAL CONSIDERATIONS

BTX is a medical treatment. It requires a medical, including a psychological, 
assessment of the patient. “Botox parties” are unlikely to provide the ideal setting in 
which psychological factors may best be assessed. It is important to look behind the 
expression of the patient and to remember that 49% of cosmetic surgery patients have 
a body image disorder and 19% a personality disorder. Of cosmetic rhinoplasty patients, 
41% have an associated psychiatric disorder and 25% have body dysmorphic disorder 
(BDD). Of persons seeking appearance- enhancing treatment, such as cosmetic 
surgery or dermatological/minimally invasive treatments, 5%–15% have BDD.

Sometimes, patients seeking BTX may be better treated psychologically. On the other 
hand, in certain circumstances, BTX itself may be used as a psychological treatment.

Smile and the world smiles with you.

An improvement in facial appearance may affect the way that a person is treated by 
others. It may also result in an improvement in self-confidence or mood.

Depression is unconsciously displayed in facial expression. In some patients, 
treatment of facial expression may result in an improvement in depression. BTX 
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treatment of the face improves major depression, even in patients whose depression 
did not respond to oral antidepressant therapy.

BRANDS AND STORAGE OF BTX

In Europe, three companies sell three different preparations of BTX-A . Allergan  
sells Botox® (also known as Vistabel®), Merz sells Xeomin® (also known as 
Bocouture®), and Speywood/Galderma sells Dysport® (also known as Azzalure®). 
Prior to reconstitution, Botox/Vistabel and Dysport/Azzalure should be stored in a 
refrigerator. Xeomin/Bocouture may be stored at room temperature.

UNIT EQUIVALENCE

There is controversy, but, broadly speaking, the unit equivalence is that 1 unit of 
Dysport/Azzalure is equivalent to 0 .4 units of Botox/Vistabel/Xeomin/Bocouture  
(i.e., 1 Speywood unit = 0 .4 Allergan/Merz unit).

This is the same as saying that 1 unit of Botox/Vistabel/ Xeomin/Bocouture is equivalent 
to 2 .5 units of Dysport/ Azzalure (i.e., 1 Allergan/Merz unit = 2 .5 Speywood units).

All BTX preparations have to be diluted with normal saline (N/S). Different doctors 
choose different dilutions. An equipotent (volume for volume) solution of BTX may be 
prepared using the formulae outlined in Table 4.1.

For the sake of simplicity, all doses stated in this chapter refer exclusively to 
Speywood units.

For ease of clinical use, 0 .10 mL of this solution (20 Speywood units ≈ 8 Allergan/
Merz units) is drawn up into each of a number of 0 .3 mL insulin syringes with bonded 
30 gauge needles.

Table 4.1 • Botulinum: Preparation of an Equipotent Solution of the Different  Brands
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PLANNING BTX TREATMENT

The patient is asked to sit upright, gazing into infinity. The lighting is adjusted so  
that it shines from above downward in the most unflattering way, in the style of 
“elevator lighting.”

The patient should be observed at rest and in animation. Using a hand mirror, it is 
helpful to demonstrate to the patient any facial asymmetries. Often, patients are 
entirely unaware of quite major facial asymmetries.

Once the choice of treatment has been decided upon, the patient should give verbal 
and, if possible, written informed consent. Patient advice sheets may be useful. The 
more that can be explained to a patient preoperatively about what to expect, the less 
that needs to be explained postoperatively.

Preoperative explanation is “knowledge.” Postoperative explanation is “excuses.”

Attention to all these steps increases patient confidence. The patient who is confident 
and positive in his or her approach to treatment will find the experience of the 
treatment session more easy and often less uncomfortable than the patient who is 
more diffident or doubtful. A patient who has confidence in the doctor is more likely 
to tolerate well any minor inconveniences of the treatment, such as small bruising.

MINIMIZING BRUISING AND DISCOMFORT

To minimize bruising, patients are asked to avoid aspirin and other non-steroidal 
anti-inflammatory drugs (NSAIDs) for 14 days preoperatively. For 2 days before 
treatment, patients may also avoid ginkgo, vitamin C, vitamin E, and supplements of 
fish oil or garlic. (Cooked garlic in food need not be avoided.) If pain relief is needed 
during the 14 days prior to treatment, patients are asked to use only paracetamol  
(= acetaminophen) or codeine or cacodemon (which is a combination of both codeine 
and paracetamol).

Ideally, the first day of the menses and the day before that are avoided as pain 
tolerance is less during that 48 hours.

Ideally, the patient should arrive 20 minutes early and be neither rushed nor tired. 
The makeup should be removed. Topical aesthetic, such as EMLA, is applied when 
the patient arrives and then again 2–5 minutes before treatment.

For the comfort of the patient, efforts should be made to avoid dulling the needle tip 
prior to making the injections. Therefore, the rubber bung of the ampoule is first 
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removed, and then the treatment syringe with its bonded needle is filled directly from 
the ampoule without letting the needle tip touch the glass.

During treatment, the patient should be kept at their ease by talking. Vocal 
anaesthesia is most effective if it is the patient who does the talking rather than the 
doctor. Discomfort is related to the sharpness of the needle, the number of injections, 
and the angle of the injections. Perpendicular injections minimize discomfort and 
lessen the risk of bruising. To avoid the increased discomfort that would come from 
using a dulled needle, no one needle should make too many injections. Risk of 
bruising is related to the number of injections and the depth of the injections. 
Superficial injections reduce the risk of bruising as any bleeding from a superficial 
injection is immediately apparent and can be prevented from progressing to a bruise 
by immediate pressure. It is more difficult to recognize deeper bleeding as swiftly or 
easily. It is very helpful to have an assistant who can exert pressure as soon as any 
bleeding is observed and who can also use a large diagram of the face on which to 
make detailed contemporaneous notes of the exact location and dose of each 
injection. Such notes are helpful at follow-up and at subsequent treatment sessions.

TECHNIQUE CONTROVERSIES

In certain respects, M-M BTX is at variance with the edicts of conventional product 
license–based practice.

• Edict 1: Conventional teaching is that the corrugator muscle can only be reached 
by deep injection 

• Edict 2: Conventional teaching concerning cosmetic BTX injection sites at the 
glabella recommends two single injections in “the region of each corrugator” and 
one into the procerus (i.e., the combined left and right sides receive a total of five 
injections, each of 10 Speywood units, totalling 50 Speywood units) (Figure 4.1).

• Edict 3: Conventional teaching is that BTX injections inferior to the eyebrow cause 
blepharoptosis Edict 4: Conventional teaching is that cosmetic BTX injections 
should not be given within the orbital rim.

Following the standard teaching often gives very good results. However, in the opinion 
of the authors, more natural results can be achieved and smaller doses used when 
these four edicts are disobeyed.
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Attention to all these steps increases patient confidence . The 
patient who is confident and positive in his or her approach 
to treatment will find the experience of the treatment session 
more easy and often less uncomfortable than the patient who is 
more diffident or doubtful . A patient who has confidence in the 
doctor is more likely to tolerate well any minor inconveniences 
of the treatment, such as small bruising .

MiniMiZinG bruisinG AnD DisCoMFort
To minimize bruising, patients are asked to avoid aspirin and 
other non-steroidal anti-inflammatory drugs (NSAIDs) for 
14  days preoperatively . For 2  days before treatment, patients 
may also avoid ginkgo, vitamin C, vitamin E, and supplements 
of fish oil or garlic . (Cooked garlic in food need not be avoided .) 
If pain relief is needed during the 14 days prior to treatment, 
patients are asked to use only paracetamol (= acetaminophen) 
or codeine or cocodamol (which is a combination of both 
codeine and paracetamol) .

Ideally, the first day of the menses and the day before that 
are avoided as pain tolerance is less during that 48 hours .

Ideally, the patient should arrive 20 minutes early and 
be neither rushed nor tired . The makeup should be removed . 
Topical anesthetic, such as EMLA, is applied when the patient 
arrives and then again 2–5 minutes before treatment .

For the comfort of the patient, efforts should be made 
to avoid dulling the needle tip prior to making the injections . 
Therefore, the rubber bung of the ampoule is first removed, and 
then the treatment syringe with its bonded needle is filled directly 
from the ampoule without letting the needle tip touch the glass .

During treatment, the patient should be kept at their ease 
by talking . Vocal anesthesia is most effective if it is the patient who 
does the talking rather than the doctor . Discomfort is related to 
the sharpness of the needle, the number of injections, and the 
angle of the injections . Perpendicular injections minimize dis-
comfort and lessen the risk of bruising . To avoid the increased 
discomfort that would come from using a dulled needle, no 
one needle should make too many injections . Risk of bruising is 
related to the number of injections and the depth of the injections . 
Superficial injections reduce the risk of bruising as any bleeding 
from a superficial injection is immediately apparent and can be 
prevented from progressing to a bruise by immediate pressure . It 
is more difficult to recognize deeper bleeding as swiftly or easily . 
It is very helpful to have an assistant who can exert pressure as 
soon as any bleeding is observed and who can also use a large 
diagram of the face on which to make detailed contemporaneous 
notes of the exact location and dose of each injection . Such notes 
are helpful at follow-up and at subsequent treatment sessions .

teCHniQue ControVersies
In certain respects, M-M BTX is at variance with the edicts of 
conventional product license–based practice .

• Edict 1: Conventional teaching is that the corrugator mus-
cle can only be reached by deep injection .

• Edict 2: Conventional teaching concerning cosmetic BTX 
injection sites at the glabella recommends two single injec-
tions in “the region of each corrugator” and one into the 
procerus (i .e ., the combined left and right sides receive a 
total of five injections, each of 10 Speywood units, totaling 
50 Speywood units) (Figure 51 .1) .

• Edict 3: Conventional teaching is that BTX injections infe-
rior to the eyebrow cause blepharoptosis .

• Edict 4: Conventional teaching is that cosmetic BTX injec-
tions should not be given within the orbital rim .

Following the standard teaching often gives very good results . 
However, in the opinion of the authors, more natural results 
can be achieved and smaller doses used when these four edicts 
are disobeyed .

rAtionALe oF MuLti-Mini btX [12]
Toast may be buttered either with three or four largish blobs of 
butter or with a smaller amount of butter that is spread very thinly 
and evenly across the whole surface of the toast (Figure 51 .2) .

The latter is the principle of M-M BTX . M-M BTX uses 
multiple mini-dose injections of BTX, i .e ., more injections, each 
of a much lower dose .

M-M BTX has the advantages of a more even and natural 
result and uses smaller amounts of BTX, and its beneficial effect 
lasts 5½ months (except in the most hyperdynamic of faces in 
which it lasts only 3–4 months) . M-M BTX has the disadvantage 
of requiring more injections, which means a longer procedure 
time with somewhat more discomfort . BTX injections are usu-
ally best made into muscle . Since many of the facial muscles 
insert into skin, BTX can often be given as a subdermal injec-
tion, which helps minimize bruising .

The greater number of injections used in M-M BTX increases 
the risk of small bruising, but their mainly superficial placement 

table 51.1 Botulinum: Preparation of an Equipotent Solution of the Different Brands

1 Dysport 500
2.5 mL normal saline
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0.63 mL normal sal
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´
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1 Vistabel 50 / Bocouture 50
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=
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Figure 51.1 Conventional teaching: Azzalure injection sites.

Figure 4.1  
Conventional teaching: Azzalure  
injection sites
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RATIONALE OF MULTI-MINI BTX 

Toast may be buttered either with three or four largish blobs of butter or with a 
smaller amount of butter that is spread very thinly and evenly across the whole 
surface of the toast (Figure 4.2).

The latter is the principle of M-M BTX. M-M BTX uses multiple mini-dose injections  
of BTX, i.e., more injections, each of a much lower dose.

M-M BTX has the advantages of a more even and natural result and uses smaller 
amounts of BTX, and its beneficial effect lasts 5½ months (except in the most 
hyperdynamic of faces in which it lasts only 3–4 months). M-M BTX has the 
disadvantage of requiring more injections, which means a longer procedure time  
with somewhat more discomfort. BTX injections are usually best made into muscle. 
Since many of the facial muscles insert into skin, BTX can often be given as a 
subdermal injection, which helps minimize bruising.

The greater number of injections used in M-M BTX increases the risk of small 
bruising, but their mainly superficial placement reduces the risk of later larger 
ecchymoses, which are a risk of the deeper injections used in conventional cosmetic 
BTX treatments.

Figure 4.2 • (a) Toast may be buttered like this or (b) like this. (Reproduced from Rowland Payne CME, 
Multi-mini botulinum, in: Redaelli A, ed., Botulinum Toxin A in Aesthetic Medicine, 2nd ed., Officiana 
Editoriale Oltrarno, Florence, Italy, 2013, pp. 185–198.)

a b
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M-M BTX placement and dose are determined by observation and palpation of the 
relevant muscles in animation, such that the treatment is matched to the patient’s own 
expressions. There is no textbook injection plan or dose that can be applied to every 
patient. In any cosmetic unit, several low-dose M-M BTX injections (each of 1–2 Speywood 
units) are made rather than one or two larger conventional dose BTX injections (each of 
5–10 Speywood units). Typically, M-M BTX injections are less than 1 cm apart.

M-M BTX differs from conventional BTX most markedly at corrugator and in the 
region of orbicularis oculi (OO). 

RATIONALE OF M-M BTX AT CORRUGATOR SUPERCILIARIS

The brow elevator (frontalis) is opposed by the brow depressors (procerus, corrugator 
supercilii, OO, and depressor supercilii) as well as by the depressor effect of gravity 
and by the squashing and drawing downward effect of sleeping on the side of the 
face/brow (Figure 4.3).

Conventional BTX injections, as illustrated in Figure 4.1, treat frontalis rather than 
corrugator. Frontalis is the only brow elevator. Inevitably, therefore, conventional BTX 
results in a degree of brow ptosis, especially at the medial eyebrows.

Conventional teaching is that corrugator can only be reached by deep injection. This 
is not so. It can be reached by superficial injections. Like most muscles of expression, 
corrugator originates from bone and inserts into skin.

Corrugator originates from the medial part of the superciliary arch. Most of its origin 
lies deep to the medial end of the eyebrow where the skin and subcutaneous tissues 
are thick. Part of its origin is just inferomedial to the medial end of the eyebrow 
where the overlying skin and subcutaneous tissue are thin. Thus, this part of the 
origin of corrugator is more or less subdermal and therefore amenable to superficial 
injection. The action of this part of corrugator is apparent when frowning, if the 
medial part of eyebrow is first immobilized by a digit.

Corrugator inserts into skin superior to the eyebrow. The skin superior to the 
eyebrow may be considered in sevenths with the first seventh being the most medial 
and the seventh the most lateral. Corrugator inserts into the second, third, fourth, 
and fifth sevenths of the skin superior   to the eyebrow. These cutaneous insertions of 
corrugator can be detected even in a child. They are apparent when frowning as three 
or four dimples, superior to the eyebrow (Figure 4.4). These dimples are amenable to 
superficial injection.

Figure 4.3 
Eyebrow elevation by frontalis muscle  
is opposed by four depressor muscles 
(procerus, corrugator supercilii, OO,  
and depressor supercilii) as well as by 
gravity and sleep
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Corrugator also inserts into the inferior border of the eyebrow. The inferior border of 
the eyebrow may be considered in thirds. In the medial third, the eyebrow hairs exit the 
skin more or less vertically. Corrugator inserts into the lateral part of the medial third 
of the inferior border of the eyebrow. This is apparent when frowning if the rest of the 
eyebrow is first immobilized with a digit . This insertion is amenable to superficial 
injection. This injection may also helpfully serve to slightly inhibit the brow depressor 
activity of OO and its slip, depressor supercilii.

RATIONALE FOR AVOIDING EYEBROW PTOSIS

Eyebrow ptosis results from inhibition of frontalis.

In M-M BTX, eyebrow ptosis is avoided by ensuring that the superior-to-the-eyebrow 
mini-injections of BTX are injected in the minimum effective dose subdermally and 
accurately into the corrugator dimples that correspond to the cutaneous insertions of 
corrugator, so reducing any unwanted inhibition of frontalis, whose fibers blend with 
corrugator in this region.

RATIONALE FOR AVOIDING EYELID PTOSIS (BLEPHAROPTOSIS)

Eyelid ptosis (blepharoptosis) results from inhibition of levator palpebrae superioris 
(LPS). LPS originates from the sphenoid bone and runs anteriorly between the globe 
of the eye and the superior orbital rim, its tendon inserting into the tarsal plate of the 
upper eyelid (Figure 4.5).

In MM-BTX, eyelid ptosis (blepharoptosis) is avoided by

1. Ensuring that the superior-to-the-eyebrow mini-injections of BTX intended for 
corrugator are injected in the minimum effective dose subdermally and not 
preperiosteally. Injections made in the preperiosteal plane risk tracking inferiorly 
and into the LPS muscle.

2. Ensuring that the mini-injections of BTX intended for frontalis are made 
subdermally and not preperiosteally. Injections made in the preperiosteal plane 
risk tracking inferiorly and into the LPS muscle.

3. Ensuring that the inferior-to-the-eyebrow mini-injections of BTX intended for 
corrugator-depressor supercilii is injected accurately into the lateral part of the 
first third of the inferior border of the eyebrow, which corresponds to that 
particular cutaneous insertion of corrugator-depressor supercilii. This injection is 
made superficially and in the medial limbal line. The injection is not made more 
laterally than this in order to minimize the risk of blepharoptosis, which would 
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Corrugator also inserts into the inferior border of the 
 eyebrow . The inferior border of the eyebrow may be considered 
in thirds . In the medial third, the eyebrow hairs exit the skin more 
or less vertically . Corrugator inserts into the lateral part of the 
medial third of the inferior border of the eyebrow . This is appar-
ent when frowning if the rest of the eyebrow is first immobilized 
with a digit . This insertion is amenable to superficial injection . 
This injection may also helpfully serve to slightly inhibit the brow 
depressor activity of OO and its slip, depressor supercilii .

rationale for Avoiding eyebrow Ptosis
Eyebrow ptosis results from inhibition of frontalis .

In M-M BTX, eyebrow ptosis is avoided by ensuring that 
the superior-to-the-eyebrow mini-injections of BTX are injected 
in the minimum effective dose subdermally and accurately into 
the corrugator dimples that correspond to the cutaneous insertions 
of corrugator, so reducing any unwanted inhibition of frontalis, 
whose fibers blend with corrugator in this region .

rationale for Avoiding 
eyelid Ptosis (blepharoptosis)
Eyelid ptosis (blepharoptosis) results from inhibition of levator 
palpebrae superioris (LPS) . LPS originates from the sphenoid 
bone and runs anteriorly between the globe of the eye and the 
superior orbital rim, its tendon inserting into the tarsal plate of 
the upper eyelid (Figure 51 .5) .

In MM-BTX, eyelid ptosis (blepharoptosis) is avoided by

 1 . Ensuring that the superior-to-the-eyebrow mini-injections 
of BTX intended for corrugator are injected in the mini-
mum effective dose subdermally and not preperiosteally . 
Injections made in the preperiosteal plane risk tracking 
inferiorly and into the LPS muscle .

 2 . Ensuring that the mini-injections of BTX intended for 
frontalis are made subdermally and not preperiosteally . 
Injections made in the preperiosteal plane risk tracking 
inferiorly and into the LPS muscle .

 3 . Ensuring that the inferior-to-the-eyebrow mini-injections of 
BTX intended for corrugator-depressor supercilii is injected 
accurately into the lateral part of the first third of the inferior 
border of the  eyebrow, which corresponds to that particular 

cutaneous insertion of corrugator-depressor supercilii . This 
injection is made superficially and in the medial limbal line . 
The injection is not made more laterally than this in order 
to minimize the risk of blepharoptosis, which would follow 
any (unintended) inhibition of LPS, which lies more deeply 
and in the mid/medial pupillary line .

rationale of M-M btX at oo
OO is a circumferential muscle . Tone in one part of the muscle 
is balanced by tone in the opposing part . The lateralmost fibers 
are opposed by the medialmost fibers . The innermost fibers are 
opposed by the outermost fibers .

If the lateralmost fibers are relaxed by BTX, there will be 
bunching of the medialmost fibers, i .e . effacement of crow’s feet 
laterally leads to excessive wrinkling medially at the bunny lines . 

If the outermost fibers are relaxed by BTX, there will be 
bunching of the innermost fibers, i .e . effacement of crow’s feet 

(a) (b)

Figure 51.4 (a) Corrugator dimples (aged 8 years); (b) Corrugator dimples (aged 24 years). (Reproduced from Rowland Payne CME, 
Multi-mini botulinum, in: Redaelli A, ed., Botulinum Toxin A in Aesthetic Medicine, 2nd ed., Officiana Editoriale Oltrarno, Florence, Italy, 
2013, pp. 185–198.)

Figure 51.5 Levator palpebrae superioris (LPS) runs from under 
the superior orbital rim over the top of the eyeball. If botulinum 
(BTX) affects this muscle, the consequence is blepharoptosis.
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or less vertically . Corrugator inserts into the lateral part of the 
medial third of the inferior border of the eyebrow . This is appar-
ent when frowning if the rest of the eyebrow is first immobilized 
with a digit . This insertion is amenable to superficial injection . 
This injection may also helpfully serve to slightly inhibit the brow 
depressor activity of OO and its slip, depressor supercilii .

rationale for Avoiding eyebrow Ptosis
Eyebrow ptosis results from inhibition of frontalis .

In M-M BTX, eyebrow ptosis is avoided by ensuring that 
the superior-to-the-eyebrow mini-injections of BTX are injected 
in the minimum effective dose subdermally and accurately into 
the corrugator dimples that correspond to the cutaneous insertions 
of corrugator, so reducing any unwanted inhibition of frontalis, 
whose fibers blend with corrugator in this region .

rationale for Avoiding 
eyelid Ptosis (blepharoptosis)
Eyelid ptosis (blepharoptosis) results from inhibition of levator 
palpebrae superioris (LPS) . LPS originates from the sphenoid 
bone and runs anteriorly between the globe of the eye and the 
superior orbital rim, its tendon inserting into the tarsal plate of 
the upper eyelid (Figure 51 .5) .

In MM-BTX, eyelid ptosis (blepharoptosis) is avoided by

 1 . Ensuring that the superior-to-the-eyebrow mini-injections 
of BTX intended for corrugator are injected in the mini-
mum effective dose subdermally and not preperiosteally . 
Injections made in the preperiosteal plane risk tracking 
inferiorly and into the LPS muscle .

 2 . Ensuring that the mini-injections of BTX intended for 
frontalis are made subdermally and not preperiosteally . 
Injections made in the preperiosteal plane risk tracking 
inferiorly and into the LPS muscle .

 3 . Ensuring that the inferior-to-the-eyebrow mini-injections of 
BTX intended for corrugator-depressor supercilii is injected 
accurately into the lateral part of the first third of the inferior 
border of the  eyebrow, which corresponds to that particular 

cutaneous insertion of corrugator-depressor supercilii . This 
injection is made superficially and in the medial limbal line . 
The injection is not made more laterally than this in order 
to minimize the risk of blepharoptosis, which would follow 
any (unintended) inhibition of LPS, which lies more deeply 
and in the mid/medial pupillary line .

rationale of M-M btX at oo
OO is a circumferential muscle . Tone in one part of the muscle 
is balanced by tone in the opposing part . The lateralmost fibers 
are opposed by the medialmost fibers . The innermost fibers are 
opposed by the outermost fibers .

If the lateralmost fibers are relaxed by BTX, there will be 
bunching of the medialmost fibers, i .e . effacement of crow’s feet 
laterally leads to excessive wrinkling medially at the bunny lines . 

If the outermost fibers are relaxed by BTX, there will be 
bunching of the innermost fibers, i .e . effacement of crow’s feet 

(a) (b)

Figure 51.4 (a) Corrugator dimples (aged 8 years); (b) Corrugator dimples (aged 24 years). (Reproduced from Rowland Payne CME, 
Multi-mini botulinum, in: Redaelli A, ed., Botulinum Toxin A in Aesthetic Medicine, 2nd ed., Officiana Editoriale Oltrarno, Florence, Italy, 
2013, pp. 185–198.)

Figure 51.5 Levator palpebrae superioris (LPS) runs from under 
the superior orbital rim over the top of the eyeball. If botulinum 
(BTX) affects this muscle, the consequence is blepharoptosis.

a

b

Figure 4.4 
(a) Corrugator dimples (aged 8 years);  
(b) Corrugator dimples (aged 24 years) 
(Reproduced from Rowland Payne CME, 
Multi-mini botulinum, in: Redaelli A, ed., 
Botulinum Toxin A in Aesthetic Medicine, 
2nd ed., Officiana Editoriale Oltrarno, 
Florence, Italy, 2013, pp. 185 -198.)

Figure 4.5 
Levator palpebrae superioris (LPS) runs 
from under the superior orbital rim over 
the top of the eyeball. If botulinum (BTX) 
affects this muscle, the consequence is 
blepharoptosis.
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follow any (unintended) inhibition of LPS, which lies more deeply and in the  
mid/medial pupillary line.

RATIONALE OF M-M BTX AT OO

OO is a circumferential muscle. Tone in one part of the muscle is balanced by tone in 
the opposing part. The lateral most fibers are opposed by the medialmost fibers. The 
innermost fibers are opposed by the outermost fibers.

If the lateralmost fibers are relaxed by BTX, there will be bunching of the medialmost 
fibers, i.e. effacement of crow’s feet laterally leads to excessive wrinkling medially at 
the bunny lines. 

If the outermost fibers are relaxed by BTX, there will be bunching of the innermost 
fibers, i.e. effacement of crow’s feet and bunny lines favors increased wrinkling of the 
eyelids themselves.

M-M BTX allows the possibility of treating lateralmost and medialmost as well as 
outermost and innermost fibers of OO.

M-M BTX: HOW TO DO IT?

Best results are achieved by using a bespoke approach that is determined by 
inspection and palpation. There is no M-M BTX formula that suits all patients. Each 
patient is treated differently. Described here is the range of injections that comprise 
M-M BTX. Not all M-M BTX injections are used in each patient. For simplicity, for 
each site, a typical dose is stated, but in practice the dose may be half or double that 
indicated; the dose of each injection varies from patient to patient.

Unless otherwise specified, M-M BTX injections are given superficially, i.e., immediately 
subdermally (or even intradermally). As a rule, injections are usually given into the 
cutaneous insertions of the treated muscles rather than into the bellies of these muscles.

PROCERUS

The patient reclines on a couch. The doctor stands behind the patient’s head. The 
patient is asked to frown. The relative movements of the different parts of the 
glabella are observed. Both eyebrows are then immobilized by the operator’s fingers 
and the patient is again asked to frown. The movement of the procerus muscle 
becomes apparent. The superior points of maximum movement, ¼ cm either side of 
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the midline (corresponding to the cutaneous insertions of procerus), are injected 
superficially, usually 1 Speywood unit each side of the midline. Matching injections 
are made at the inferior points of maximum movement, either side of the midline at 
the bridge of the nose (nearer the bony origin of the muscle), usually 1 Speywood unit 
each side of the midline (Figures 4.6 through 4.8).

Sometimes, in patients with a narrow glabella, the left and right injections are 
merged into single midline injections.

Often, another point of movement can be identified, typically lying 1 cm superomedial 
to the superomedial border of the eyebrow (corresponding to the lateral part of the 
insertion of procerus). The injection is made superficially (Figure 4.9).

Figure 4.6 • (a) Glabella at rest and (b) frowning.

Figure 4.7 • (a) With corrugator immobilized at rest and (b) when frowning. The action of 
procerus is demonstrated.

a

a

b

b
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This injection is not intended for corrugator (which lies deeper and more inferior).

CORRUGATOR: ORIGIN

The area that has just been injected is immobilized by the operator’s fingers and so  
is one eyebrow. The patient is asked to frown. The skin between the two fingers is 
watched closely. The point of maximum movement is injected superficially, with 1 or 2 
Speywood units. Usually, this point lies just inferomedial to the inferomedial border of 
the eyebrow (Figure 4.10).

Figure 4.8 • (a) Procerus. Each injection is 1 Speywood unit. (b) The superior zone of greatest movement, the insertion of procerus, is injected. (c) The 
inferior zone of greatest movement, the origin of procerus, is injected.

Figure 4.9 • (a) Lateral procerus. This injection is 1 Speywood unit. (b) With corrugator and midline procerus immobilized, the patient is asked to frown. (c) 
The lateral part of the insertion of procerus is injected.

b

b

a

a

c

c
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This point corresponds to part of the origin of the corrugator muscle. Although most 
of the origin of corrugator lies deep to the medial part of the eyebrow, where the skin 
and subcutaneous tissues are thick, this medial part of the origin of corrugator is 
covered by skin and subcutaneous tissues that are thinner, such that this part of the 
origin of the muscle is more or less subdermal and therefore amenable to superficial 
injection.  Injection at this point lessens the activity of corrugator without impairing 
frontalis, i.e., it avoids medial eyebrow ptosis.

Sometimes, a second point of movement is apparent. Typically, it lies halfway between 
the sites of the injections illustrated in Figure 4.9c and Figure 4.10e.  This point is 
injected superficially with 1 Speywood unit (Figure 4.11).

Figure 4.10 • (a) Corrugator origin. This injection is 1 Speywood unit. (b) The medial part of the body of corrugator is demonstrated at rest. (c) and when 
contracted. (d) The origin of corrugator is injected. (e) Some prefer to administer this injection in a superolateral direction. 

b

d

a c

e
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< Figure 4.11 • (a) Corrugator–procerus. This injection is 
1 Speywood unit. (b) Sometimes an injection is also 
made into corrugator– procerus, midway between the 
injection points indicated in Figures 4.9c and 4.10e.

Figure 4.12 • (a) Procerus and one eyebrow are immobilized. (b) “Frown.” The corrugator 
insertions are demonstrated.

a

a

b

b

Figure 4.13 • (a) Corrugator insertions. Each injection is 1 Speywood unit. (b) The medialmost of the superior insertions of corrugator is injected. (c) The 
next insertion of corrugator is injected.

ba c
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CORRUGATOR: INSERTIONS

The operator’s index finger immobilizes the area that has just been injected and also 
the eyebrow.  The patient is asked to frown. The skin immediately superior to the 
eyebrow is observed. Puckering (I.e., dimpling) is seen superior to the eyebrow where 
corrugator inserts into the skin. Usually, there are three or four pucker points or 
dimples superior to each eyebrow. To lessen the frown, each of these corrugator 
dimples is injected subdermally (or even intradermal), each with 1 (or 2) Speywood 
units (Figures 4.12 and 4.13).

Sometimes, the later almost corrugator dimple lies in closer relation to the eyebrow 
or even in the eyebrow. In such cases, an injection of 1 Speywood unit is made into 
the eyebrow.

CORRUGATOR-DEPRESSOR SUPERCILII COMPLEX

Next, the eyebrow and the points that have just been injected are immobilized and the 
patient is asked to frown again. The skin inferior to the medial third of the eyebrow is 
observed. The point of maximum movement is usually at the inferior edge of the 
eyebrow, usually in the lateral part of the medial third. This represents a cutaneous 
insertion of corrugator–depressor supercilii. A superficial injection of 1 Speywood 
unit is made at this point (Figure 4.14).

(To avoid unwanted inhibition of LPS, this injection should be made no more laterally 
than the medial limbal line.) This injection may also helpfully serve to inhibit slightly 

Figure 4.14 • (a) Corrugator–depressor supercilii. This injection is 1 Speywood unit. (b) The rest of the corrugator is immobilized. (c) The patient frowns 
and this cutaneous insertion of corrugator–depressor supercilii is injected (no more laterally than the medial limbal line).

ba c

C R C  P R E S S C R C P R E S S . C O M



61

4 :: COSMETIC BOTULINUM  
TOXIN TREATMENT
CHRISTOPHER M.E. ROWLAND PAYNE AND  
WOLFGANG G. PHILIPP-DORMSTON

the brow depressor activity of OO. In many patients, this inferior edge of the eyebrow 
injection is, by a small margin, the least comfortable of all the MM-BTX injections.

If the medial eyebrow lies too high, then the inferior edge of the eyebrow injection 
may be lessened or made into the eyebrow; this can be useful in rebalancing one 
eyebrow to better match its neighbor.

PROCERUS–CORRUGATOR COMPLEX COMMENT

In MM-BTX, the procerus region (left and right combined) usually needs only 2–9 
Speywood units spread over two to six injections. 

In MM-BTX, the corrugators (left and right combined) usually need only 8–14 Speywood 
units spread over 8–12 injections.

In MM-BTX, the procerus–corrugator complex (left and right combined) usually needs 
only 10–23 Speywood units spread over 10–18 injections.

HERESY 1

Conventional teaching is that corrugator muscle can only be reached by deep 
injection. Corrugator can be reached by superficial injection. Indeed, corrugator is 
best reached by superficial injection into the skin overlying the inferomedial part of its 
bony origin and by superficial injections into the cutaneous dimples that correspond 
to its cutaneous insertions.

HERESY 2

Conventional teaching recommends five injections, each of 10 Speywood units, to the 
combined left and right procerus–corrugator complex with a total dose of 50 
Speywood units. M-M BTX uses 10–18 mini-injections to the same area with a total 
dose of 10–23 Speywood units.

BROW

Frontalis is the only brow elevator and is responsible for transverse rhytids of the 
brow. To lessen transverse rhytids of the brow, the patient is asked to raise their 
eyebrows, and, at the midline, usually just superior to the valley of the most inferior 
of the transverse rhytids of the brow, the first injection is made. Moving laterally and 
slightly superiorly, further superficial injections are made at about 1–2 cm intervals.
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Typically, the lowest horizontal rank of brow injections would include one midline 
injection and three or four to each side of the midline. Each injection would usually  
be 1 Speywood unit. Subsequent ranks of injections are given 0 .75–1 cm higher and 
interdigitating with the previous rank such that there is no midline injection for the 
second rank but there is again for the third rank. With the eyebrows raised, injections 
across the brow are made into the ridges rather than the valleys of the brow. If the 
rhytids are deep, some of the injections in the second rank may be of 1.5 rather than 
1 Speywood unit each. Injections are distributed across all parts of the brow that 
wrinkle when the patient’s eyebrows are raised. A third and sometimes a fourth or 
even a fifth rank of injections are sometimes necessary in those with the highest and 
most mobile of brows (Figure 4.15). 

A typical bilateral brow treatment may require 20 superficial mini-injections, each of 
1 Speywood unit, but the range is wide (14–32 Speywood units in bilateral total). Some 
relatively unwrinkled foreheads require as few as six or seven mini- injections. Some 
large and hyperkinetic foreheads may require as many as 34 mini-injections.

To prevent brow ptosis, frontalis injections are avoided within a finger’s breadth of the 
eyebrows (although corrugator and eyebrow tail injections are made within that 
finger’s breadth area, as detailed in this chapter).

Figure 4.16 • (a) The “sand point.” This injection is 1 Speywood unit. (b) “Imagine you are driving and sand is blowing into your eyes.” (c) Inject at the “sand 
point.”

ba c

Figure 4.15 
(a) Frontalis. Each injection is 1 Speywood 
unit. (b) Frontalis is injected.

b

a
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SAND POINT

To lessen wrinkling near the palpebral opening and to assist in reducing crow’s feet, 
the patient is asked to “Look into the distance. Imagine you are driving a car and that 
sand is blowing into your eyes.” The patient squints but does not entirely close the 
palpebral fissure. In most patients, 1–2 mm superior and 5 mm lateral to the outer 
canthus, there is bunching of the OO. At this “sand point,” 1 Speywood unit is injected 
superficially (Figure 4.16).

One unit at the “sand point” is worth 3–4 units at the crow’s feet.

LOWER SAND POINT

Occasionally, the “sand” exercise reveals bunching inferior to the almost lateralmost 
part of the lower eyelid, “the lower sand point.” When present, the “lower sand point” 
usually lies 0 .5–0 .75 cm inferior and 0 .5 cm medial to the lateral canthus. Only 
occasionally does an inferior sand point require injection. It can be treated with 0.5 
Speywood unit (Figure 4.17).

“Puffy” lower eyelids are a risk with lower sand point injections.

CROW’S FEET

To lessen crow’s feet, the OO is injected superficially in three to four sites in its lateral 
part. The first of these OO injections is made in the canthal line.  Usually, the next two 

Figure 4.17 • (a) The “lower sand point.” This injection is 1 Speywood unit. It is seldom indicated. (b) “Imagine you are driving and sand    is blowing into 
your eyes.” (c) Inject at the “lower sand point.”

ba c
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injections are made superior to this.  Each of these OO injections is of 1–2 Speywood 
units and very occasionally, one or two of the injections might be 4 Speywood units 
(Figure 4.18).

The sand point injection also helps to lessen crow’s feet.

Any OO injections made inferior to the canthal line are seldom more than 1 Speywood 
unit each (and are often omitted); otherwise, the tarsal plate–inferior OO complex may 
become weakened allowing the inferolateral intraorbital fat pad to herniate anteriorly, 
giving an appearance of a “water-logged” or “puffy” lower eyelid. Also, weakening the 
inferolateral part of OO risks allowing the malar fat pad to protrude as a “puffy 
pommette” (which, in time, may prolapse as malar crescent or even a malar festoon).

To avoid inhibition of zygomaticus major, the lower lateral injections are best made 
superficially and not more than 1½ cm from the orbital rim.

Figure 4.18 • (a) Crow’s feet. (b) Inject the crow’s feet at the orbital rim in several places. 
(c–d) Inject the crow’s feet at the orbital rim in several places.

a

c

b

d
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RAISING THE EYEBROW TAIL

To raise the lateral eyebrow by 1–2 mm, OO is injected superficially with 1 Speywood 
unit, 1–2 mm inferior to the lateralmost part of the eyebrow. Sometimes, another 1 
Speywood unit is injected 0 .5–1 cm medial to that (Figure 4.19).

The lateral eyebrow can be made to rise a further 1–2 mm by increasing the amount 
of BTX used in these lateral inferior-to-tail of the eyebrow injections and/or by 
lessening the injections made superior to the lateral eyebrow.

AVOIDING THE “TELL-TAIL” SIGN

After making these inferior-to-tail of the eyebrow injections, the patient is asked to 
raise the eyebrows maximally. If when doing this, on the superior side of the eyebrow, 
there is a “tell-tail” fine rhytid running parallel to the eyebrow, then matching 
superficial ultramini-injections of 0.5 Speywood unit are made into frontalis at the 
points of maximum movement on the superior side of the eyebrow (Figure 4.20).

These points are usually less than 1 cm superior to the eyebrow.

INFERIOR-TO-THE-EYEBROW COMMENT

Heresy 3: Conventional teaching is that BTX injections inferior to the eyebrow cause 
blepharoptosis. With caution, low-dose subdermal M-M BTX can be given inferior to 
the eyebrow without causing blepharoptosis. Indeed, inferior-to-the-eyebrow M-M 
BTX inhibits the brow depressors and so results in brow elevation. (Inferior-to-the-
eyebrow injections in the middle and medial pupillary line are usually best avoided.)

Figure 4.19 • (a) Eyebrow tail. Each injection is 1 Speywood unit. (b) Inject inferior to the tail of the eyebrow (c) and sometimes also just medial to that.

ba c

Figure 4.20 
(a) Eyebrow “tell tail.” Each injection is 0.5 
Speywood unit. (b) To avoid the “tell-tail” 
sign, also inject superior to the eyebrow.

b

a
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BUNNY LINES

The patient is asked to “make a bunny nose” (i.e.to wrinkle their nose). Nasalis is 
injected subdermally with 1 Speywood unit (Figure 4.21).

If the lateral part of the outermost fibers of OO is relaxed by crow’s feet injections, 
unopposed contraction of the medial part of the outermost fibers of OO (and nasalis) 
will result in bunching at the bunny lines. Thus, if the crow’s feet are injected, it is 
usually best also to inject the bunny lines.

“OWWEE” POINT

The patient is asked to screw up their eyes completely. There may be bunching of OO 
at the medial part of the lower eyelid. To lessen this bunching, 1 Speywood unit is 
injected most superficially into the bunched area, which is known as “the owwee 
point” (Figure 4.22).

Figure 4.21 
(a) Bunny lines. This injection is 1 Speywood 
unit. (b) To lessen bunny lines.

Figure 4.22 
(a) “Owwee point.” This injection is 1 Speywood 
unit. (b) Inject at the “owwee point.”

b b
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The OO muscle is opposed by itself. Thus, if the lateral part of its innermost fibers is 
relaxed by an injection at the “sand point,” unopposed contraction of the medial part 
of the innermost fibers may result in bunching at the “owwee point.” Therefore, if the 
sand point is injected, it is often desirable also to inject the owe point. Also if the 
inferolateral OO is generously injected, unopposed contraction of the inferomedial  
OO results in bunching at the “owwee point,” which this injection will correct.

LOWER EYELID MARGIN

To increase the palpebral opening, 0.5 Speywood units may be injected superficially 
into OO, 1–2 mm inferior to the lid margin of the lower eyelid (Figure 4.23).

Scleral show is a risk with this injection. The lower eyelid pinch and snap back test is 
helpful. If there is not an excellent snap back, this injection is best avoided.

Figure 4.24 
(a) Orbicularis oculi (OO) bands. This injection 
is 1 Speywood unit. It is seldom indicated.  
(b) To reduce OO banding.

Figure 4.23 
(a) Lower eyelid margin. This injection is 1 
Speywood unit. (b) To increase inferior iris show.

b b
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ORBICULARIS OCULI BANDS

A rare indication for BTX is to lessen OO bands in the lower eyelid. Typically, OO 
bands lie 1 cm inferior to the eyelid margin; 0.5 Speywood unit can be injected 
superficially (Figure 4.24).

If there is any tendency for herniation of the inferior intraorbital fat, this injection is best 
avoided; otherwise, the tarsal plate–inferior OO complex will become weakened, 
allowing the infraorbital fat pads to herniate, giving an appearance of “waterlogged” or 
“puffy” lower eyelids. These risks also exist, but less so, with the owwee point injection.

ORBICULARIS OCULI COMMENT

The sand point, owwee point, and the lower lid margin injection point illustrated in 
Figure 4.23b all lie well within the orbital rim. 

Heresy 4: Conventional teaching is that cosmetic BTX should not be used within the 
orbital rim. For best results, injections usually should be made within the orbital rim.

LEVATOR LABII SUPERIORISET ALÆQUE NASI

This is the snarl muscle. Contraction causes retraction of the upper lip, inward 
rotation of the tip of the nose, and deepening of the ala nasi shadows. If the ala nasi 
fossa shadow is deep or dark or if the smile is overgummy, this injection may be 
helpful. Overlying this muscle, the skin relatively thick. The doctor’s index and middle 
fingers should be placed on each side of the patient’s nose, just superior to the ala 
nasi fossa, on the inferior slope of where the prominence of the cheek joins the side 
of the nose. The patient is asked to “Screw up your face.” The doctor’s fingertips can 
detect the point of maximum muscular contraction. This is the point of injection. At 
this site, 1 Speywood unit is injected perpendicularly to the skin and relatively deeply 
on each side of the nose (Figure 4.25).

DILATOR NARIS

Injection of 1 Speywood unit into the dilator naris part of the nasalis muscle may be 
used to reduce nostril flare and help flatten an overarched lateral nostril margin. To 
do this, the lateral nasal sulcus is observed. The patient is asked to sniff sharply. That 
part of the sulcus that is most drawn in by the sniff, usually at the posterolateral end 
of the sulcus, is the point chosen for the injection (Figure 51.26).

Figure 4.25 • (a) Levator labii superioris et 
alæque nasi. Each injection is 1 Speywood 
unit. (b) “Screw up your face.” Palpate the 
zone of maximal muscle contraction. Inject 
subdermally to reach the body of levator labii 
superioris et alæque nasi.

b
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DEPRESSOR SEPTI NASI

To raise the tip of the nose, depressor septi nasi may be injected with 1 Speywood unit. 
This is a deep injection that is made at an oblique angle to the skin (Figure 4.27).

ORBICULARIS ORIS

For perioral rhytids, one or two injections, each of 0.5 Speywood units, may be made 
into one or two rhitids in each quadrant. These injections are made 1–2 mm away 
from the vermillion border (Figure 4.28).

This is uncomfortable. Difficulty with whistling and with swishing toothpaste is a 
hazard if higher doses are used for these injections.

Figure 4.26 • (a) Dilator naris. This injection is 1 Speywood unit. (b) At rest. (c) “Sniff.” (d) Inject at Perez’s sniff point to reach dilator naris.

Figure 4.27 • (a) Depressor septi nasi. This injection is 1 Speywood unit; it is 
a deep and oblique injection. (b) To lift the nasal tip.

Figure 4.28 • (a) Orbicularis oris. Each injection is 0.5 Speywood unit.  
(b) Inject near the vermillion border or in the radial rhytids.
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DEPRESSOR ANGULI ORIS

The patient is asked to “Downturn your mouth.” While doing this, the operator’s 
finger fits neatly into the sulcus that lies at the lateral border of depressor anguli oris 
(DAO). At an oblique angle, 1 Speywood unit is injected into the lateral side of the 
maximal area of muscle contraction of the DAO. This lessens any downturning of the 
angle of the mouth. DAO lies relatively deep beneath the skin, so this is a deep 
injection (Figure 4.29).

If the injection is too medial, the depressor labii inferioris may be affected, which 
results in a lopsided smile.

MENTALIS

Cobblestoning of the chin and/or a deep mentolabial sulcus may be treated by four to 
six superficial injections into mentalis. Injections are made superficially and usually 
symmetrical, each of 1 Speywood unit, into the deepest puckers, which correspond to 
the principal cutaneous insertions of mentalis (Figure 4.30).

These chin injections may be helpful in some patients with rosacea mentalis (rosacea 
of the chin) as overuse of this muscle causes “touching of the skin from the inside,” 
which, just like touching from the outside, favors rosacea by causing increased blood 
flow to the skin of the chin.

Figure 4.29 • (a) Depressor anguli oris (DAO). This injection is 1 Speywood unit; it is a deep and oblique injection. (b) “Downturn your mouth.” (c) Palpate 
the lateral border of DAO. (d) Inject obliquely and deeply to reach body of DAO. 

b da c
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MASSETER

MMH causes “squaring” of the jaw. Masseter BTX helps realize the face. This 
treatment is very popular in the Far East.

Bruxism (teeth grinding or jaw clenching) is usually a sign of anxiety. Bruxism leads 
to an increase in both unconscious masseter muscle activity and resting tone. In due 
course, MMH follows. MMH is the rule in teeth grinders, jaw clenchers, and in those 
who overuse chewing gum. In time, jaw clenching and teeth grinding lead either to 
temporomandibular joint dysfunction or to cracking of teeth, early dental caries, 
broken teeth, crowns, root canal infection, dental abscesses with recourse to 
endodentistry, and, ultimately, dental implants. Masseter BTX helps prevent this 
undesirable and pathological evolution.

Figure 4.30 • (a) Mentalis. Each injection is 1 Speywood unit. (b) “Pucker your chin.” (c–e) Inject puckers, which are the principal insertions of mentalis.

b

d

a c

e

C R C  P R E S S C R C P R E S S . C O M



72

4 :: COSMETIC BOTULINUM  
TOXIN TREATMENT
CHRISTOPHER M.E. ROWLAND PAYNE AND  
WOLFGANG G. PHILIPP-DORMSTON

To lessen MMH, the patient is asked to clench the teeth. Masseter is palpated.  
Where the muscle is hardest and fullest, four to eight perpendicular injections are 
made deeply into the body of each muscle. Each injection is 4–6 Speywood units.  
This muscle lies relatively deep beneath the skin (Figure 4.31).

NEFERTITI LIFT

Before frank jowling occurs, the jawline begins to lose definition. To improve jawline 
definition, platysma may be inhibited by three or four superficial injections, each of 
2–4 Speywood units, made just inferior to the mandibular edge, the “Nefertiti lift” [9] 
(Figure 4.32).

EARLY JOWLING

When early or incipient jowling is evident, three intermediate depth injections are 
made, just inferior to the curve of the incipient jowl. Each injection might be 4–6 
Speywood units (Figure 4.33).

VENUS RINGS

In many people, the action of platysma results in transverse creases at the neck 
without any platysmal bands. In “tech neck,” an additional ring is seen inferolaterally 
on the dominant side (i.e., right side of the neck in a right-handed person) from 
repeated downward gaze at tablets and smart phones. To lessen Venus rings (and/or 

Figure 4.31 • (a) Masseter. Each injection is 4–6 Speywood units; this is a deep injection. (b) “Clench the jaw.” (c) Inject deeply into the body of masseter.

ba c

Figure 4.32 • (a) The Nefertiti lift. Each 
injection is 2–4 Speywood units. (b) Inject 
platysma’s attachment to the mandible.
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tech neck), 1 Speywood unit is injected superficially every 2 cm along each Venus 
ring. For best results, these injections are made 2–3 mm superior to each Venus ring. 
These injections are also safe in the midline (Figure 4.34).

PLATYSMAL BANDS

Platysmal bands are best displayed by tensing the neck muscles.  Platysmal bands 
are usually strongest in their superior parts where they touch the mandible. Where 
the bands are thickest, injections of 4-6 Speywood units are used. Running inferiorly 
down the bands, intermediate depth injections of 2–4 Speywood units are made at 
1–2 cm intervals along the full length of each band (Figure 4.35).

Figure 4.33 • (a) Early jowling. Each injection is 4–6 Speywood units. (b–d) “Tense your neck muscles.” Inject just inferior to the incipient jowl in an arc.

Figure 4.34 • (a) Venus rings. Each injection is 1–2 Speywood units. (b–d) Inject along the Venus rings. Injections are made just superior to each ring.
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MIGRAINE AND TENSION HEADACHE

In some patients, unconscious resting tone is excessive in various muscles around 
the skull and this is aggravated by stress. This involuntary muscular contraction 
causes tension headaches and sometimes migraine. These disorders are beyond the 
scope of this chapter except in so far as when they coexist with dynamic rhytids or 
MMH. Tension headaches are very common and patients attending for BTX treatment 
for rhytids often also have concomitant headaches. Of 45 patients who were attending 
for BTX treatment of rhytids and who also happened to have concomitant headaches, 
76% experienced improvement in their headaches.

Figure 4.35 • (a) Platysmal bands. Each injection is 2–4 Speywood units. (b) “Tense your neck muscles.” (c and d) Inject platysma’s attachment to the 
mandible. (e and f) Inject the platysmal bands at intervals along their length.

b

ed

a c

f

C R C  P R E S S C R C P R E S S . C O M



75

4 :: COSMETIC BOTULINUM  
TOXIN TREATMENT
CHRISTOPHER M.E. ROWLAND PAYNE AND  
WOLFGANG G. PHILIPP-DORMSTON

AFTERCARE

After treatment, patients can immediately return to their normal lives. There are no 
restrictions on posture or flying or anything else.

The patient will begin to notice the BTX taking effect after 48 hours. Its full effect is 
apparent by 10 days. Patients having their first treatment with M-M BTX are routinely 
asked to return for a review 10–20 days after. Bespoke adjustments can be made at 
that point or noted for the next treatment.

After M-M BTX using Dysport/Azzalure, patients are routinely booked for their next 
treatment in exactly 5½ months’ time. (A few patients with the most hyperdynamic 
rhytids benefit from the next treatment at 3–4 months.)

CONCLUSIONS

M-M BTX allows personalized precision placement of multiple mini-dose injections  
of BTX. Best results are achieved by a bespoke approach that is determined by 
inspection and palpation.

A typical bilateral face (excluding masseter) treated by M-M BTX would receive 
approximately 50 injections, most of which would each be of 1 Speywood Dysport/
Azzalure unit (a total of 50 Speywood units). A typical bilateral MMH treated by M-M 
BTX would receive approximately 10 injections, most of which would be 6 Speywood 
Dysport/Azzalure units (a total of 60 Speywood units). A typical bilateral neck treated 
by M-M BTX would receive approximately 30 injections, most of which would be of  
2–4 Speywood Dysport/Azzalure units (a total of 80 Speywood units) (Figure 4.36).

If Allergan Botox/Vistabel or Merz Xeomin/Bocouture is used, a typical bilateral face 
would receive 50 injections, each of 0.4 Allergan/Merz units (a total of 20 Allergan/
Merz units). A typical bilateral MMH would receive 10 injections, each of 2.4 Allergan 
Merz units (a total of 24 Allergan/Merz units). A typical bilateral neck would receive 
30 injections, each of 0.8–1.6 Allergan/Merz units (a total of 32 Allergan/Merz units).

Figure 4.36 
Multi-mini botulinum (M-M BTX).
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Filler injections belong to the most frequently performed beautifying procedures in 
cosmetic medicine. Untoward side effects are a catastrophe for the affected person, 
and everything possible must be done to avoid them. This starts with a careful and 
thorough patient history concerning previous injections; allergies; immune reactions 
and diseases; drug treatments, particularly those with an immunomodulatory 
potential; and chronic infections, as well as a family history as to serious diseases, 
so-called collagenoses, immune defects, genetic disorders, etc. It is well known that 
some fillers are not well tolerated when injected next to another one.

Filler adverse effects can be classified according to their time course and due to 
user-dependent, filler, and host factors. Technical errors concern too much or too 
little volume, incorrect depth of filler placement, wrong location, and inappropriate 
product choice.

The physician injecting the filler must, of course, be experienced to avoid gross 
mistakes concerning the site of injection, the volume, the speed, the depth, etc.,  
as well as the post-injection treatment. The physician should be available after the 
injection and never dismiss a patient’s concerns.  The nature of complication is 
checked and can be classified into light and disappearing by itself, moderate and 
requiring treatment, or severe and necessitating immediate intervention. Treating a 
patient with empathy has avoided many law suits.

Concerning the fillers themselves, it is the substance on one hand and its chemistry, 
purity, homogeneity, particle size, shape, and roughness, electrical charge, ability to 
biointegrate, and to react with other substances that matter. It has also to be kept in 
mind that a filler result that is desirable at the age of 20 might look odd at age 50 or 
60. Finally, the host and his or her immune system are of paramount importance. 
This can change during the life of a filler and have a great impact on its tolerability.

TIME COURSE OF FILLER EFFECTS

Fillers are divided into reversible (early or temporary, collagens and hyaluronic acid 
[HA], late or long term, HA with dextranomer beads, poly-l-lactic acid [PLL], and 
calcium hydroxylapatite), and irreversible (delayed or permanent ones: paraffin, 
silicon preparations, polymethylmethacrylate [PMMA] microspheres, 
hydroxyethylmethacrylate fragments, polyacrylamide hydrogel, polyalkylimide gel, 
polyvinylhydroxide microspheres in polyacrylamide gel [PAAG], and many more). In 
general, their adverse effects last as long as their intended ones. Although it is often 
thought that temporary fillers are better tolerated than permanent ones, this is 
apparently not true as the frequency of short-term adverse reactions is very similar. 

The following is excerpted from  
Cosmetic Medicine and Surgery by 
Pierre Andre, Eckart Haneke, 
Leonardo Marini, Christopher 
Rowland Payne. 

©2016 Taylor & Francis Group.  
All rights reserved.  

Purchase a copy   HERE .
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In fact, whatever substance is injected into the tissue, it is perceived as a foreign 
substance with an initial challenge to the host’s immune system. The famous 
injections of the patients’ own blood had a nonspecific immunostimulatory effect as 
even this was a short-term challenge to the immune system.

Early complications develop within less than 2 weeks and include erythema, edema, 
and allergy. Bumps and lumps following superficial injection are usually visible 
immediately after the injection or shortly thereafter. Necrosis due to intraarterial 
injection becomes obvious within a day.

Late complications are chronic inflammation, late allergic reactions, nodules 
(granulomas) and filler migration, hypertrophic scar, and telangiectasia.

Delayed complications are considered to be largely due to biofilm formation.

Often, adverse effects develop weeks, months, or even years after the injection, and 
the patients frequently do not remember which filler they had gotten. The problem 
may even be confounded by the fact that different fillers may have been injected at 
various times by different physicians and even sometimes by nonphysicians.

Immediate reactions such as adequate pain after procedure, mild bruising, redness, 
and some edema are normal and are not complications. They can often be avoided by 
cooling the injected area, and this is also the most common treatment. Pain can be 
reduced by local anesthesia, slow injection, and low volume. Aloe vera, arnica, or 
vitamin K creams are recommended to reduce or avoid bruising. Bleeding and 
ecchymoses are rare when blunt cannulas are used. Swelling depends on the 
substance used, the localization of the injection, the amount, and the individual 
tolerance. Again, cooling usually reduces the swelling.

Vascular compromise may be the consequence of arterial or venous obstruction, 
which in turn may be due to intravascular injection of the filler, direct pressure of the 
filler on the vessel wall, or indirect trauma to the vessel wall. Particular attention has 
to be paid during glabella and nasal ala injections where inadvertent intravascular 
filler injection may result in necrosis and even blindness when the retinal artery is 
occluded. Whenever blanching is seen during the injection, this must immediately be 
stopped. In case of HA, hyaluronidase is injected as close to the site of intravascular 
injection as possible. Whether aggressive massage, warm compresses, and 
nitroglycerin application are really helpful for other fillers remains to be seen. 
Intravascular injection is virtually impossible when using a blunt cannula.

Late complications are infection, granuloma formation, scarring, and loss of function. 
Infection may be due to insufficient disinfection of the treatment area, injection into 
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or through an oily skin, or application of makeup into an infected region. Infection can 
develop into a major problem when particulate permanent fillers are used that may 
develop a bacterial biofilm on the surface of the particles. Whereas cellulitis promptly 
responds to systemic antibiotics, biofilms are usually resistant to antibiotics and 
require complete removal of the filler. Granulomas are another serious problem. 
There are some general rules as to their development; nonparticulate substances 
rarely produce granulomas with the exception of silicon, but all particles may induce 
granulomas. The frequency of granulomas is higher the bigger the surface is in 
relation to the volume and the sharper the edges of the particles are, i.e., crystalloid 
particles are much more likely to induce granulomas independent of the longevity of 
the particles. PLL is a slowly dissolving crystalloid compound that caused a number 
of granulomas, particularly at the time when the recommendation to reconstitute it 
with a small volume of saline was followed by the users. Even though some 
permanent fillers are advertised as being gels, they may consist of small polygonal 
particles, such as PAAG or HEMA (DermaLive®, DermaDeep®). 

Delayed reactions are thought to be due to bacterial bio-films. They may induce 
granulomas as well as so-called cold abscesses. This is the reason why granulomas 
should not be injected with corticosteroids as the first therapy but rather be treated 
with antibiotics for at least 14 days.

CLASSES OF SOFT-TISSUE FILLERS 

GENERAL REMARKS

Many different agents are available. Some have the same or very similar names and 
are chemically different, whereas some popular substances are sold under many 
different brand names. The same agents may display different behavior due to 
variations in the production process, different molecular size, and variable protein 
moieties. This is particularly the case for the innumerable HA products.

The clinical appearance of adverse side effects of the various does not usually allow 
to make the diagnosis of the filler used as they are, in most cases, not filler specific.

Soft-tissue fillers are subdivided into:

• Human substances

• Biological agents

• Synthetic products

Be aware that “biological” does not automatically mean degradable and that 
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“biodegradable” is not a guarantee that the human body has the necessary enzymes 
to digest this filler.

AUTOLOGOUS FAT

Autologous fat is the prototype of a human substance and often thought of as being 
without side effects. However, fat injections also have potential adverse effects. They 
are due to collect the fat, fat storage, or injection and reach from rapid disappearance 
to infection and even death due to inappropriate injection technique.

COLLAGEN

A great number of biological substances are on collagen basis: human collagen, 
bovine collagen, and porcine collagen with bovine collagen being the first 
commercially available product, e.g., Zyderm®. The degree of cross-linking and the 
chemical used for it also influence the tolerability of collagen fillers.

It was thought that human collagen would have an advantage as it does not require 
pre-injection tests as bovine collagen. However, it turned out that apart from the 
allergic reactions, the human collagen has virtually the same life-span and may be 
associated with as strong inflammatory reactions as bovine collagen. In contrast, 
morselled autologous dermis appeared to be very well tolerated with only transient 
inflammatory reaction during the wound-healing phase and effective 
revascularization. Collagen is also synthesized by cultured fibroblasts (Cosmoderm I 
with 35 mg/mL, Cosmoderm II with 65 mg/mL, and Cosmoplast with 35 mg of 
glutaraldehyde-stabilized human collagen/mL). Human collagen from cadaveric 
dermis (Dermalogen®, Cymetra®) is available, too.  Human collagen is also produced 
by injected fibroblasts (Isolagen®). They are cultured and expanded from a small 
biopsy of the patient and reinjected. Although they are said to give good results, the 
procedure of taking a biopsy, sending it to a specialized laboratory, and waiting  
6–8 weeks until getting the expanded cells and the high cost have prevented it from 
becoming a popular method.

Porcine collagen was found to last longer and be tolerated better than bovine 
collagen and not require pretesting. However, lip injection is discouraged.

HYALURONIC ACID

HA is a linear, unbranched, high-molecular-weight glycosaminoglycan, consisting of 
alternating d-glucuronic acid and N-acetyl-d-glucosamine. As a biological substance 
without species specificity, it should, in principle, be tolerated by all living organisms. 
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However, the natural glycosaminoglycan moiety is linked to species-specific proteins 
and also the production process is critical. HA is not only a biological and naturally 
occurring filler, it also has a variety of different biological effects that depend on its 
molecular size. Small fragments are proinflammatory, whereas long chains inhibit 
inflammation.  For its use as a filler, it has to be stabilized and the way and degree of 
stabilization are also important for the tolerability of HA. The more HA is cross-linked 
and thus stabled, the more its tolerability is reduced.

PERHYDROSQUALENE AND COLLAGEN POLYVINYLPYRROLIDONE

This has recently been proposed as a filler for deep nasolabial folds with a lifetime of 
12–18 months. It was claimed that no significant side effects were seen.

POLYCAPROLACTONE

Polycaprolactone (PCL)-1 dermal filler (Ellansé™, AQTIS Medical, Utrecht, the 
Netherlands) is a soft-tissue dermal filler based on PCL microspheres. The totally 
smooth spherical-shaped PCL microspheres (25–50 μm) are homogenously suspended 
in a tailor-made aqueous carboxymethylcellulose (CMC) gel carrier. PCL in CMC has 
been widely used in many medical devices. It is totally biodegradable, nontoxic, and 
completely excreted BY the human organism. The CMC gel carrier is gradually resorbed 
by macrophages over a period of several weeks, during which the PCL microspheres 
trigger a natural response of the skin and stimulate a natural wound-healing process 
with neocollagenesis. The new collagen replaces the volume of the resorbed carrier. The 
microspheres are not phagocytosed because of their size and surface characteristics. 
The PCL dermal filler is indicated for deep dermal and subdermal implantation including 
hand rejuvenation. Adverse effects were not (yet) reported.

BIOLOGIC, BUT NOT DEGRADABLE BY HUMANS

Alginate-derived mannans were thought to offer advantages over other short-lived 
biological fillers, but they soon turned out to have a high rate of side effects, 
particularly granuloma formation.

LONG-LASTING FILLERS

The currently used fillers with a long-lasting effect are PLL and calcium hydroxyl 
apatite (CHA). The former has been used for more than half a century as suture and 
other materials in surgery and proven to be well tolerated. CHA has been used as 
bone cement with good effect. However, both substances are different in particle size 
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and shape when injected as filler for soft-tissue augmentation. Granulomas were 
observed after PLL injections and rarely after CHA.

PERMANENT (IRREVERSIBLE) FILLERS

There are a huge number of different substances that had been or are still in use  
for soft-tissue augmentation. The main classes comprise PMMA (Arteplast,  
Artecoll®, Artefill®, Metacrill, Metrex), methacrylate fibers (Procell), acrylic hydrogel 
(DermaLive, DermaDeep), PAAG (Amazing gel, Aquamide, Argiform, Bioformacryl, 
Evolution®, Formacryl, Outline), polyethylene beads (Profill) (Figure 5.13),  
poly- alkylamide (Bio-Alcamid), solid silicone particles in poly- vinylpyrrolidone 
(Bioplastique®), polydimethylsiloxane (Biopolimero, Biopolymere), silicone oil 
(medical grade silicone oil), polymeric compound of natural silica and oxygen 
(Dermagen), polyoxyethylene fatty acid and elastin copolymer gel (Kopolymer 4E), and 
methacrylate  and  copolymer 4-G (Rhegecoll). Some are illegal in the United States 
and the European Union; others have been withdrawn from the market since several 
years but continue to induce granulomas and other severe side effects. Chemically 
similar or even identical substances are marketed as different particle sizes and 
shapes and exhibit very different side effect profiles.

ADVERSE SIDE EFFECTS

Many adverse effects are not specific for a particular filler but may be ascribed to the 
volume augmentation or to technical faults such as wrong indication, placement site, 
wrong injection needle, and infection due to contaminated ice or water. Infections can 
best be differentiated from other nodules and granulomas by radiolabeled leukocyte 
scintigraphy. Late-onset adverse effects are often inflammatory and immune 
mediated. Edema, granulomas, sarcoid-like reactions, and panniculitis  
are the findings most commonly seen. Systemic granulomatous and autoimmune 
diseases and, even less frequently, acute hypersensitivity reactions are rarely seen.

AUTOLOGOUS FAT

Adherence to key principles, including sterile technique and low-volume injection 
throughout layers of tissue, is critical to obtaining excellent results.  Adverse outcomes 
are infrequent.

However, early adoption of surgical procedures by those without a sound understanding 
of the underlying principles and techniques can have disastrous consequences. 
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Furthermore, physicians operating on any patient must understand the potential for 
complications and be able to manage these appropriately when they occur. Fat longevity 
is dependent upon handling and preparation of the fat. Poor fat viability produces an 
inadequate result and thus has to be considered as a complication. On the other hand, 
deterioration of the aesthetic results after a significant weight gain due to corticosteroids, 
oral contraception, and a change of lifestyle was seen in a patient with Romberg’s 
syndrome. Lipomodeling of the breast was performed in 880 cases; approximately  
140 mL had to be injected for a desired volume of 100 mL, which remained stable for  
3–4 months. No radiological problems were found in mammography after procedure. Fat 
necrosis occurred in only 3%, but serious complications included one case of infection at 
the harvest site, six cases of infection at the injection site, and one case of intraoperative 
pneumothorax. Further, there are case reports on abscess formation, life-threatening 
sepsis, and residual deformity. Neurological complications were repeatedly reported with 
two patients developing unilateral loss of vision after fat injection in glabella; two patients 
with loss of vision, aphasia, and hemiparesis; and one patient developing sensorimotor 
hemiparesis after infarction of the middle cerebral artery. Death after autologous fat 
grafting occurred in a 20-year-old woman with a 20-year history of lupus profundus and 
hereditary C4 complement deficiency who had already got three fat injections from 1997 
to 1999 with ~50% resorption. A flare of her lupus profundus in 2007 resulted in the loss 
of most of the injected fat despite treatment with thalidomide 25 mg and prednisolone  
7.5 mg daily. After donor site tumescent anesthesia and bilateral infraorbital blocks for 
recipient sites, 35 mL fat was injected with minimal pressure using an 18-gauge sharp 
needle because of scarring of the recipient site. There was dizziness immediately after 
injection of the left cheek and a vasovagal syncope suspected and the patient was placed 
in supine position. Another 35 mL of fat was subsequently injected. The patient became 
increasingly unwell over the next 2 hours, eventually developed progressive refractory 
hypoxic respiratory failure and cardiovascular decompensation. Despite emergency 
treatment in a critical care unit, she developed fulminant pulmonary edema and right 
ventricle dilatation and died due to cardiac arrest 4 hours after fat transfer. Whether or 
not using a blunt cannula would have prevented the death of this patient is not clear. 
Apparently, these side effects were technique dependent and not due to the substance.

Liposuction is often used to collect fat and is a very safe procedure when performed 
under tumescent anesthesia and infection, bruising, hematoma, and seroma are 
rare. Fat embolism is very rare when not too much is aspirated and liposuction is not 
associated with other cosmetic procedures. Most of the serious complications were 
associated with general anesthesia.

C R C  P R E S S C R C P R E S S . C O M



84

5 :: COMPLICATIONS OF FILLERS
ECKART HANEKE 

HUMAN COLLAGEN

Autologous human collagen is well tolerated, when derived from both cultured 
fibroblasts and autologous injectable dermis. Human allogenic collagen was 
observed to elicit acute to subacute inflammatory reactions, but no serious long-
term side effects were reported. The cosmetic effect lasts between 4 and 7 months.

NONHUMAN COLLAGENS

They are foreign proteins with a propensity to induce allergies and granulomas, 
particularly bovine collagen, whereas human and porcine collagens are better 
tolerated. The side effects are usually temporary until all collagen has been resorbed, 
but one case was observed with stone-hard granulomas not disappearing with any 
treatment over more than a decade. Usually, the granulomas are palisaded around 
amorphous eosinophilic material representing bovine collagen (Figure 5.1). This is 
characterized by very thick bundles, pale gray-violet staining with Masson’s trichrome 
stain, and a lack of birefringence. Whether the injection of collagenase would be 
successful has not yet been tried. The most common side effects were temporary 
granulomas at the site of injection in about 4% of the patients. Testing and double 
testing before treatment were recommended, but nevertheless, granulomas did occur.

Collagen fillers are now used less and less frequently and adverse effects are 
expected to be seen rarely.

Figure 5.1 • Long-lasting, virtually persistent granuloma formation due to collagen (Zyderm); (a) clinical 
picture and (b) histopathology of a granuloma. (Courtesy of A. Coninckx, Brussels, Belgium.)

630     AESTHETIC AND COSMETIC PRACTICE

nonhuman Collagens
They are foreign proteins with a propensity to induce aller-
gies and granulomas, particularly bovine collagen, whereas 
human and porcine collagens are better tolerated . The side 
effects are usually temporary until all collagen has been 
resorbed, but one case was observed with stone-hard granu-
lomas not disappearing with any treatment over more than 
a decade [50] . Usually, the granulomas are palisaded around 
amorphous eosinophilic material representing bovine colla-
gen (Figure 56 .1) . This is characterized by very thick bundles, 
pale gray-violet staining with Masson’s trichrome stain, and 
a lack of birefringence [51] . Whether the injection of collage-
nase [52] would be successful has not yet been tried . The most 
common side effects were temporary granulomas at the site of 
injection in about 4% of the patients . Testing and double test-
ing before treatment were recommended, but nevertheless, 
granulomas did occur .

Collagen fillers are now used less and less frequently and 
adverse effects are expected to be seen rarely .

Hyaluronic Acid
HA is universally present in all animal species . It is said to be 
nonspecies specific; however, hyaluronans are linked to pro-
teins that are species specific . Good preparations are (almost) 
free from foreign proteins . They have a low propensity to 
induce granulomas, but show a variety of transitory side effects, 
including rare granulomas and infection [53,54] At present, 
there are probably almost 200 preparations on the market . In 
order to prevent untoward adverse effects, well-known brands 
with high quality should be preferred as their complication rate 
has been shown to be much lower .

Untested cheap products should never be used .
HA preparations are currently the most widely used 

fillers with a longevity of approximately 6 months, but this is 
highly variable depending on molecular size and cross-linking . 
There are differences among them concerning the size of the 
molecule, protein content, chemical bonding, fluidity, injection 
pain, and longevity and whether they are monophasic or bipha-
sic [55] . A good preparation must not clump as this may give 

rise to granulomas . Whereas granulomas were not rare in the 
beginning of the non–animal-derived synthetic HAs, they are 
now exceptional, except for a new product marketed roughly 
3 years ago . This induces foreign body giant cell granulomas 
with a high content of eosinophils, and HA can be seen in giant 
cells .

Also in the early period of HA fillers, reactions inter-
preted to be hypersensitivity were observed [55–57] . Very rare 
side effects are a multiform rash and systemic anaphylactoid 
reactions [58] after intraarticular injection of HA [59] with 
native HA having a lower sensitizing potential [30] .

Side effects due to the substance are usually short-lived 
and can be repaired by injecting hyaluronidase . The dose 
depends on the specific drug and may also vary according 
to the HA used and its degree of cross-linking . This enzyme 
cleaves both natural and cross-linked HAs . Three sources are 
available: bovine, ovine, and recombinant . As they are proteins, 
they have the potential of causing an anaphylactic shock in sen-
sitized individuals . It is, therefore, necessary to question the 
patient about possible allergies . Hyaluronidase has also been 
used to treat HA granulomas [60] .

Technique-dependent side effects may occur as with 
other fillers . When HA is injected too superficially, it may shine 
through with a bluish-grayish color, giving rise to the so-called 
Tyndall effect . It has to be used with care in the eyelids as it 
may cause swelling due to its ability to attract water . Accidental 
intracapillary injection may cause livedo reticularis [53,61] .

Histopathology of grayish-glassy nodules after superfi-
cial injection just shows HA deposits without any further tis-
sue changes (Figure 56 .2) . Granulomas may show a very dense 
lymphocytic infiltrate with abundant eosinophils and many 
foreign body giant cells often containing basophilic amorphous 
material that corresponds to HA (Figure 56 .3) .

A middle-aged woman was seen with widespread swell-
ing in the glabella, central ocular, and nasal regions after she 
had injected herself with a diluted HA-containing cream for 
topical use; histopathology showed a “Swiss cheese–like” pic-
ture similar to that after vaseline injection; this side effect was 
most probably not due to the HA component in the abused topi-
cal preparation (unpublished observation) .

(a) (b)

Figure 56.1  Long-lasting, virtually persistent granuloma formation due to collagen (Zyderm); (a) clinical picture and (b) histopathology of 
a granuloma. (Courtesy of A. Coninckx, Brussels, Belgium.)
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HYALURONIC ACID

HA is universally present in all animal species. It is said to be nonspecies specific; 
however, hyaluronans are linked to proteins that are species specific. Good preparations 
are (almost) free from foreign proteins. They have a low propensity to induce granulomas, 
but show a variety of transitory side effects, including rare granulomas and infection 
[53,54] At present, there are probably almost 200 preparations on the market. In order to 
prevent untoward adverse effects, well-known brands with high quality should be 
preferred as their complication rate has been shown to be much lower.

Untested cheap products should never be used.

HA preparations are currently the most widely used fillers with a longevity of 
approximately 6 months, but this is highly variable depending on molecular size and 
cross-linking. There are differences among them concerning the size of the molecule, 
protein content, chemical bonding, fluidity, injection pain, and longevity and whether 
they are monophasic or biphasic. A good preparation must not clump as this may  
give rise to granulomas. Whereas granulomas were not rare in the beginning of the 
non–animal-derived synthetic HAs, they are now exceptional, except for a new 
product marketed roughly 3 years ago. This induces foreign body giant cell 
granulomas with a high content of eosinophils, and HA can be seen in giant cells.

Also in the early period of HA fillers, reactions interpreted to be hypersensitivity  
were observed. Very rare side effects are a multiform rash and systemic 
anaphylactoid reactions after intraarticular injection of HA with native HA having  
a lower sensitizing potential.

Side effects due to the substance are usually short-lived and can be repaired by 
injecting hyaluronidase. The dose depends on the specific drug and may also vary 
according to the HA used and its degree of cross-linking. This enzyme cleaves both 
natural and cross-linked HAs. Three sources are available: bovine, ovine, and 
recombinant. As they are proteins, they have the potential of causing an anaphylactic 
shock in sensitized individuals. It is, therefore, necessary to question the patient 
about possible allergies. Hyaluronidase has also been used to treat HA granulomas.

Technique-dependent side effects may occur as with other fillers. When HA is 
injected too superficially, it may shine through with a bluish-grayish color, giving rise 
to the so-called Tyndall effect. It has to be used with care in the eyelids as it may 
cause swelling due to its ability to attract water. Accidental intracapillary injection 
may cause livedo reticularis.
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Histopathology of grayish-glassy nodules after superficial injection just shows HA 
deposits without any further tissue changes (Figure 5.2). Granulomas may show a 
very dense lymphocytic infiltrate with abundant eosinophils and many foreign body 
giant cells often containing basophilic amorphous material that corresponds to HA 
(Figure 5.3).

A middle-aged woman was seen with widespread swelling in the glabella, central 
ocular, and nasal regions after she had injected herself with a diluted HA-containing 
cream for topical use; histopathology showed a “Swiss cheese–like” picture similar to 
that after vaseline injection; this side effect was most probably not due to the HA 
component in the abused topical preparation (unpublished observation).

Figure 5.3 • (a) Inflammatory and granulomatous reaction to hyaluronic acid (HA) (Hylacorp®). HE, ×100. (b) Foreign body giant cells engulfing clumped 
HA (Hylacorp). (c) Epithelioid cells, foreign body giant cells with ingested HA (Hylacorp), and a very dense eosinophilic infiltrate.

< Figure 5.2 • (a) Hyaluronic acid (HA) in the dermis: there 
was a slightly bluish color to skin colored nodule (Tyndall 
effect) that had been biopsied under the suspected diagnosis 
of a basal cell carcinoma. A filler had been injected 5 years 
prior to the biopsy. There is no inflammatory infiltrate. 
Scanning magnification, hematoxylin–eosin stain. (b) A 
close-up shows HA in the dermis without any inflammatory 
reaction. HE, ×200.

b

b

a

a

c
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ALGINATE

An alginate-derived filler (Novabel®) was marketed as a new biological filler  
with prolonged augmentation effect; however, very shortly after its marketing, 
granulomas were observed and it was withdrawn from the market. The granulomas 
start with erythema and swelling until hard nodules form 2–5 months after injection 
(Figure 5.4). Ultrasound shows hypoechoic structures surrounded by a hyperechoic 
rim. Histopathology demonstrates spherical basophil structures of 100–120 μm in 
diameter enveloped by a prominent rim of giant cells. The granulomas are 
surrounded by a distinct hyaline collagen capsule.

HA PLUS DEXTRANOMER MICROSPHERES

The dextranomer beads are added to the HA to improve the longevity of the filler.  
They consist of cross-linked dextran molecules with a positive surface charge and a 
diameter of 80–120 μm. They attract macrophages releasing tumor growth factor-β 
and interleukins, which stimulate collagenesis around the detranomer beads, 
maintaining the volume correction effect after the resorption of HA. The material is 
apparently well tolerated with three reports of a granulomas; one of which was 
suppurative and the other ones are with foreign body giant cell-rich granulomas. The 
dextranomer beads stain dark bluish or purplish, or may even look like empty spaces 
giving a “Swiss cheese” aspect. Incision of the nodules and treatment with cephalexin 
and methylprednisolone aceponate leads to complete resolution in one case.

POLY-L-LACTIC ACID

This substance has been used for decades in medicine and surgery and was well 
tolerated. In contrast, PLL as a filler comes as a powder of crystalloid particles that 
has to be reconstituted before injection. Subcutaneous nodules are either fibrotic or 
granulomas. They can form because of insufficient time during reconstitution of the 
material, inadequate dilution, overcorrection, superficial injection techniques, or 
inappropriate concentration of PLLA molecules secondary to muscle movement, and 
granulomas are thought to be due to allergic or inflammatory host responses. In the 
early years, the recommendation was to use 3 mL; this turned out to cause 
granulomas and also often clogged the injection needle. Now, most physicians use  
10 mL or more of physiological saline, often with some lidocaine added. After injection, 
the water is resorbed and the PLL particles induce a fibroblastic reaction lasting for  
24 months or longer. This may cause fibrotic nodules, which may be visible in thin skin 
like around the eyes and in the hands, and the substance may clump in the lips; these 
are adverse effects of faulty technique (Figures 5.5 and 5.6). PLL granulomas are 

Figure 5.4 
Granulomatous swelling under both eyes 
due to alginate filler (Novabel). (Courtesy of 
P. André, Paris, France.)

Figure 5.5 
Poly-l-lactic acid (NewFill®) was injected  
superficially in a very thin skin giving rise to 
a palpable and visible nodule. (Courtesy of 
P. André, Paris, France.)

Figure 5.6 
Granulomas and nodules due to poly-l-
lactic acid (NewFill). (Courtesy of F. Bruins, 
Haarlem, the Netherlands.)
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classical giant cell granulomas with many epithelioid cells and relatively few 
lymphocytes. The PLL particles are oval, fusiform, or spiky and seen in epithelioid and 
giant cells as well as in between (Figure 5.7). They are birefringent in polarized light. 
The granulomas last at least 18 months.

CALCIUM HYDROXYL APATITE

CHA is an inorganic material and has long been used successfully as bone cement. 
The currently available preparation is Radiesse®, which consists of microspheres 
(30%) of 25–45 μm suspended in a gel made of water, glycerol, and sodium CMC 
(70%). It is inert and nonantigenic, but stimulates collagen production. It is very well 
tolerated when injected as a suspension for soft-tissue augmentation. The duration 
of correction is between 9 and 12 months, but may also be longer.  Most adverse 
effects are due to technical faults. In particular when injected into the lips, it tends to 
clump and produces palpable nodules. In one study, postinjection cellulitis was 
observed at a frequency of 1.7%. However, granulomas also occur with a higher 
frequency in elderly women. They consist of tightly packed, dark bluish microspheres 
with a diameter of 25–40 μm and giant cells. The nodules were shown to rapidly 
decrease after fractional CO2 laser treatment. Recently, a grade 3 systemic reaction 
was observed 30 minutes after injection of CHA vocal cord filler prompting the 
authors to recommend a 30 minute postprocedure observation period.

ba

Figure 5.7 • (a) Granuloma formation due to poly-l-lactic acid (NewFill). There are mainly epithelioid and 
foreign body giant cells. The latter often engulfed crystalloid PLL particles. HE, ×200. (b) High 
magnification of a PLL granuloma. HE, ×400. (Courtesy of F. Bruins, Haarlem, the Netherlands.)
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POLYACRYLAMIDE GEL

PAAG is a suspension of 2 .5%–5% PAAG in sterile water. It is marketed under many 
different names: PAAG (Sinocos Eastcos, Hong Kong, China), Amazing gel, Aqualift, 
Aquamid, (Contura International, Söborg, Denmark), Argiform, Bioformacryl, 
Formacryl, and Outline, which are slightly different in minute additional components. 
The material is widely resistant to enzymatic degradation and phagocytosis. The 
particles can harbor bacteria on their surface and give rise to late infections, biofilms, 
and abscesses. It is claimed not to induce allergic reactions or to interfere with the 
hemodynamic system. It can hold 300–400 times its weight in water. It was widely  
used for breast augmentation in Eastern countries. The results are immediate and 
overcorrection is necessary. Its major advantage is that it remains soft and pliable  
after injection. However, the products should not be injected over other ones. PAAG  
is generally well tolerated, but severe adverse effects have also been described,  
e.g., swelling, lumps, abscesses, facial disfigurement, gel dislocation, and respiratory 
distress. Breast deformity, lumpiness, intermittent swelling, pain, and gel extrusion 
were observed in other series. The gel is exceedingly biocompatible and thus an 
excellent medium for bacteria. The main risk is infection often developing after  
8–12 months or even later, but cultures often remain negative and only PCR could 
identify bacteria that are normally not pathogenic, such as Propionibacterium acnes, 
Streptococcus oralis and mirabilis, Staphylococcus aureus, and some atypical 
mycobacteria. Histopathology shows foci of neutrophils and karyorrhectic material, 
numerous macrophages, and foreign body giant cells around a gel that appear 
somewhat similar to HA. Often, giant cells contain vesicles full of PAAG and the 
material frequently shows small empty blebs both in the giant cells and when present 
in large lakes (Figure 5.8). PAAG is positive with Alcian blue and not birefringent.

POLYALKYLIMIDE GEL

Polyalkylimide gel 4% in water (Bio-Alcamid, Polymekon, Milan, Italy) is another large 
volume filler to be injected into the deep dermis or under the dermis. A thin collagen 
capsule forms after injection preventing migration and keeping it apart from the 
surrounding tissue. Aspiration or punching a small hole over it permits its removal. 
Side effects were edema, bruising, nodules, infections, severe inflammatory 
reactions, migration despite the capsule-like fibrosis around it, unsatisfactory 
appearance, and late-appearing abscesses. Migration is a rare event. Histopathology 
shows basophilic amorphous material surrounded by neutrophils and erythrocytes. 
Gram stain may reveal bacteria. The infections are very difficult to treat and require 
high-dose long-term antibiosis, incision, drainage, and irrigation.
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POLYVINYLHYDROXIDE MICROSPHERES IN POLYACRYLAMIDE GEL

This filler is a suspension of 6% polyvinylhydroxide microspheres in 25% PAAG 
hydrogel (Evolution, ProCytech SA). It is apparently well tolerated though it is not 
often used.

ACRYLIC HYDROGEL

A suspension of ethylmethacrylate and hydroxyethylmethacrylate particles in  
HA was marketed under the brand names of DermaLive and DermaDeep. Initially 
reported as being well tolerated, it soon turned out that this biphasic filler caused 
late granulomas in a very high percentage of cases so that it had to be withdrawn 
from the market.

b

d

a

c

Figure 5.8 • Granulomatous reaction to polyacrylamide gel (PAAG) in the deep dermis and adjacent 
cutaneous fat. (a) HE, original mag- nification 4×. (b) Granulomatous reaction to PAAG. HE, original 
magnification 10×. (c) The PAAG is seen as a faintly basophilic amorphous substance, but there are also 
empty spaces resembling fat cells. HE, original magnification 20×. (d) The giant cells contain PAAG with 
small blebs in it. HE, original magnification 40×.
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Figure 5.9 
(a and b) Bio-Alcamid (polyalkylimide 
hydrogel) allergic reaction: massive edema. 
(Courtesy of F. Bruins, Haarlem, the 
Netherlands.)

b

a

c

Figure 5.10 • (a) Small palpable nodules in the lip after HEMA injection (DermaLive). (b) Stretching the lips 
makes the nodules visible. (c) Many of the nodules could easily be extirpated from the mucosal side of the 
lip. (a and b: Courtesy of Klinikk Bunæs, Sandvika, Norway; c: Courtesy of J. Bunæs, Sandvika, Norway.)

However, granulomas still occur. They usually present as nodules that are first 
palpable and then often become visible (Figure 5.9). Fistulation may develop, and 
even a keratoacanthoma-like appearance was seen. The granulomas are well 
delimited and relatively easy to remove surgically; however, new granulomas often 
develop. Other treatments are intralesional corticosteroids, allopurinol, and 
5-fluorouracil. Antibiotics have to be given before if an infection is suspected. 
Histopathology shows a dense granuloma with a fibrous pseudocapsule containing 
masses of crystalloid acrylate particles. The granulomas are made up of epithelioid 
and foreign body giant cells that try to engulf the particles. Some areas become 
necrotic and contain cholesterol clefts. Epidermal ridges may grow down and try to 
surround the foreign material giving rise to fistule formation. Some granulomas may 
become sclerotic with time (Figures 5.10 and 5.11).

C R C  P R E S S C R C P R E S S . C O M



92

5 :: COMPLICATIONS OF FILLERS
ECKART HANEKE 

b

f

d

h

a

e

c

g

Figure 5.11 > 
(a and b) HEMA granulomas 2 years after 
injection. (c) Some granulomas extirpated 
from the perioral region. (d) Histopathology 
of HEMA nodules shows well-delimited 
granulomas surrounded by a fibrous 
pseudocapsule. HE stain, scanning 
magnification, ×4. (e) HEMA granuloma. 
There is a dense granulomatous infiltrate 
with epithelioid cell; some giant cells; many 
HEMA particles, which stand out by their 
polygonal appearance; and sinus and fistule 
tracks, the latter of which also containing 
HEMA particles. HE, ×100. (e) Higher 
magnification of the vicinity of a sinus with 
many HEMA particles, monstrous giant 
cells, and neutrophils. HE, ×200. (g) HEMA 
granuloma with particles and many slit-like, 
so-called cholesterol clefts. HE, ×200.  
(h) HEMA granuloma during treatment with 
intralesional triamcinolone acetonide plus 
5-fluorouracil. There is little infiltrate and 
the connective tissue appears hyalinized. 
HE,  ×200.
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POLYMETHYLMETHACRYLATE

Artecoll, Artefill, and Artesense® are PMMA beads suspended in bovine collagen.  
Testing of bovine collagen is necessary before use to avoid an immune reaction. 
Individuals with a history of keloids should not be treated. Approximately 3 weeks after 
injection, the body starts depositing own collagen around the microspheres, which get 
virtually encapsulated by own collagen. Overcorrection is not performed. Artefill has 
polished microbeads being thought to attract fewer impurities and thus being less prone 
to induce granuloma formation. Methacrill and Metrex are also PMMA particles though 
not round and polished. Although granulomas are rare with 0.01% reported, they do 
occur and are difficult to treat. Lumps often form, particularly in the lips, but most are 
just palpable and not visible. Granulomas may develop several years after the injection. 
Granuloma precipitation many years after injection when a patient was treated with 
interferon because of hepatitis C [100] or laser skin resurfacing was performed over  
the area of injection (Vochelle D, personal communication) is possible. The granulomas 
appear suddenly with induration, swelling, tenderness, and erythema (Figure 5.12). 
Histopathology shows a typical granuloma with round empty-appearing clear spaces  
in a fibrotic tissue. Treatment was performed with intralesional corticosteroids and 
5-fluorouracil as well as allopurinol and surgery. Methacrill granulomas were melted 
with high-frequency endocoagulation leaving a residue of burnt plastic with a 
characteristic smell. Intralesional laser treatment is another option.

PARAFFIN AND OTHER MINERAL OIL AND LIPID DERIVATIVES

Crude substances such as vaseline, paraffin, lanolin, cod liver oil, or beeswax were 
used in the late nineteenth and early twentieth centuries. Despite initial satisfying 
results, long-term results were usually appalling due to skin hardening, swelling, 
granuloma formation, ulceration and fistulation, infections, abscesses, and even 
cancer development.

Paraffin is irreversible and no longer legally used as a filler although highly 
inflammatory granulomas after fraudulent use of paraffin or other oils containing 
vitamin E, sometimes also D and A, are still seen (Figure 5.14). Injection of paraffin 
into the penis caused sclerosing lipogranuloma characterized by fibrosis and 
deformation. Histopathologically, the deep reticular dermis and subcutaneous fat are 
involved with a pre-dominantly lobular panniculitis with a Swiss cheese appearance. 
The cystic spaces are surrounded by foamy histiocytes and giant cells. The collagen 
bundles in between are sclerotic (Figure 5.14).

Vaseline and other mineral oils cause a very similar reaction.

Figure 5.12 
Granuloma due to polymethylmethacrylate 
micro- spheres in collagen (Artecoll). 
(Courtesy of F. Bruins, Haarlem, the 
Netherlands.)

Figure 5.14 • Siliconoma

Figure 5.13 
Late complication of Profill demonstrating 
serious  fat atrophy after initial 
inflammation. (Courtesy of P. André, Paris, 
France.) 
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Whether ultrasound liquefaction of the fat where the inappropriate substance had 
been injected and subsequent extraction by a suction cannula helps to eliminate this 
material remains to be seen.

SILICONE

Silicone is another irreversible filler. It is a highly polymerized hydrophobic oil (Silikon 
1000, Adatosil 5000, Biopolimero), gel (MDX 4-4011), or solid rubber consisting of 
dimethyl- siloxane units. Silicone is generally well tolerated, but the occasional side 
effects may be dramatic and irreversible; this is the reason why it is banned for 
cosmetic use both in the European Union and the United States. Those still using 

c

b

a

Figure 5.15 • (a) Scanning magnification of a punch biopsy of a patient who had herself autoinjected 
material that she had eluted from a hyaluronic acid–containing cream. There is a subepidermal edema 
and many granulomas all over in the dermis surrounded by lymphocytes. (b) Many small granulomas are 
distributed in a dense lymphocytic infiltrate. (c) Higher magnification shows a very dense lymphocytic 
infiltrate with epithelioid and many giant cells, some of which contain bleb-like spaces, probably from the 
ingested foreign material. (a through c: Courtesy of Department of Dermatology, Inselspital, University of 
Bern, Bern, Switzerland.)
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silicone off-label claim that pure silicone and proper microdroplet technique prevent 
adverse effects, but this is not generally accepted. Medical grade silicone oil is pure 
and sterile (Figure 5.16). The secret of good long-term results appears to be the 
injection of truly minute amounts. A mixture of silicone with HA was recently 
described as “the optimal filler”.

Side effects are local and systemic. Minor complications are small nodules seen 
within a year after injection that are mainly due to too much substance. However, 
indurations and erythema with swelling are silicone granulomas that often only 
appear 2–12 years after injection. The differentiation between siliconomas, which 
consists almost exclusively of macrophages containing small droplets of silicone oil 
and contains virtually no inflammatory cells, and silicone granuloma with silicone 
containing macrophages, lymphocytes, and giant cells is somewhat artificial. Both 
respond to intralesional corticosteroids in most cases. Major complications are 
systemic with pneumonitis, acute respiratory distress syndrome, sudden death after 
intravascular injection, migration of large volumes of low-viscosity silicone oil, 
erysipelas-like reactions, blindness, loss of neurological functions, and death after 
silicone oil had been inadvertently injected into the ophthalmic or meningeal vessels.
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Figure 5.16  > 
(a) Siliconoma showing perivascular 
lymphocytic infiltrates and an edematous 
reticular dermis. Methylene blue stain. 
×100. (b) There are dense perivascular 
lymphocytic infiltrates and some relatively 
small round empty-appearing spaces. 
Methylene blue stain. ×200. (c) The 
connective tissue is very loose with many 
barely visible round spaces that are smaller 
than normal fat cells. Cresyl violet, ×100. 
(d) The connective tissue is loose and 
contains empty spaces that represent 
silicon oil droplets. Cresyl violet, ×400.
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SILICONE ELASTOMER PARTICLES (BIOPLASTIQUE)

A silicone elastomer suspension in polyvinylpyrrolidone plasdone hydrogel was 
mainly used in urology and for vocal cord augmentation. It was shown to produce 
both lumps and granulomas.

GENERAL FEATURES OF THE HISTOPATHOLOGY OF ADVERSE FILLER EFFECTS

Many fillers have a specific morphology and/or staining pattern in the skin. This is 
true for both acute reactions when the filler is still visible and late reactions like 
granulomas and infections with abscesses.

Bovine collagen is seen as a dense eosinophilic mass in the skin. It is not birefringent 
in contrast to human collagen fibers. Early “allergic” reactions usually show a 
lymphocytic infiltrate, which may turn into a granuloma with many epithelioid cells 
and some intermingled giant cells.

HA may sometimes be seen in the skin as a more or less structureless basophilic 
substance; this may correspond to the Tyndall effect when localized very superficially. 
Granulomas were relatively frequently seen in the early times of manufacturing of 
streptococcal HA, most probably due to the content of protein. This is nowadays very 
rare with this product. Another new brand caused many granulomas and abscesses. 
They consisted of a dense lymphocytic infiltrate with many giant cells, often of 
excessive size, as well as many eosinophils around basophilic HA. In case of abscesses 
and fistulation, foci of neutrophils are seen.

Matridex shows both HA and dextranomer beads in a cell-rich granuloma. The 
microspheres are perfectly  round  and darkly basophilic or purple, allowing the 
product to be identified.

PLL is seen as a crystalloid material in epithelioid cell granulomas with giant cells often 
surrounded by fibrosis. The material is birefringent permitting its exact identification.

Acrylic hydrogel mainly causes late granulomas and no HA is seen any more.  The 
acrylic particles are polyedric and seen in a dense granuloma with giant cells, many of 
which try to engulf the foreign bodies. Necrotic areas are frequent and often contain 
cholesterol clefts. Clinically visible fistulae correspond histopathologically to epidermal 
ingrowths also trying to engulf and transepidermally eliminate filler material.

PMMA (Artecoll, Artefill) is seen as round empty- appearing spaces in a fibrotic tissue. 
Although appearing to be of relatively uniform size, this depends on the section plane. 
In case of granuloma formation, epithelioid and giant cells are seen in addition.
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PAAG is very well tolerated biologically. The main risk is infection that may cause 
abscesses and necroses. Granulomas show epithelioid and giant cells. The material 
is basophilic and does not exhibit a wavy structure often seen with HA.

Silicone oil causes granulomas with droplets of varying size, some of which are seen 
in epithelioid cells. Giant cells are rare as there are no particles. Often, dense 
lymphocytic infiltrates are seen in perivascular localization.

Sclerosing lipogranuloma is a characteristic feature of paraffin injection, mainly in 
the penis to increase its girth.  It is characterized by a Swiss cheese–like aspect in  
a fibrotic tissue with lymphocytes, epithelioid, and giant cells. The empty spaces are 
of variable size.

The injection of vitamin E in different oils gives a similar histopathological picture,  
but as these injections are now mainly made in the face, particularly in the lips, by 
nonmedical persons, the changes are much more acute and the inflammatory 
component is more obvious in these cases.

GENERAL TREATMENT REMARKS

Prevention is always better and easier than treatment—this rationale is also true for 
filler side effects. After identifying the exact nature of an adverse side effect, the 
appropriate therapy has to be chosen. Early side effects like injection pain, immediate 
swelling, and edema usually do not require specific treatment. Placement of too 
much material or in the wrong area requires immediate massage or removal, if 
possible. Lump formation after CAH injection in the lip is a technical fault as well as 
too superficial injection. Proper training before starting to inject is mandatory.

HA can be dissolved with hyaluronidase. Most preparations are of animal origin, and 
there is the theoretical possibility of a sensitization. It is wise to use one preparation 
to get experience with as the dosage may vary among different drugs. The effect is 
usually seen within hours, and reinjection is possible after 24 hours, so small doses 
are recommended in the beginning.

The problem is the treatment of late and delayed adverse effects. First, the responsible 
substance has to be identified. This is often impossible as the patients do not know or 
are reluctant to disclose which filler had been injected. Once a granuloma has 
developed, it is to be assumed that granulomas will continue to develop as long as the 
foreign material is in the skin. Whether attenuated total reflectance/Fourier transform 
infrared analysis spectroscopy really allows fillers to be reliably identified remains to be 
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seen. Another validated method is the histological examination of sections, which yields 
quite specific changes with most different fillers.

The differentiation of infectious from noninfectious granulomas is possible with 
radioactive-labeled leukocytes. In case of infection, antibiotics have to be given long 
enough and in doses capable of containing the infection.

Granulomas often respond to intralesional injection of a mixture of 250 mg 
5-fluorouracil/mL and 10 mg triamcinolone acetonide/mL plus mepivacaine 1 mL, 
which is given first twice, then once weekly, plus allopurinol 300–600 mg/day. TNF-a 
inhibitors have not yet gained much acceptance in the treatment of granulomas.

CONCLUSION

Fillers belong to the most frequently used substances in aesthetic medicine. The 
“consumers” are not sick patients, but healthy persons expecting to look better after 
the procedure. Any adverse effect, whether immediate, late, or delayed and temporary 
or irreversible, is a catastrophe for them and potentially for the treating physician. All 
measures have to be taken to avoid them; the physician must be well trained, use the 
best product, and respect indications, contraindications, proper aseptic injection 
techniques, and adequate localization for each specific filler. The patient has to follow 
the physician’s recommendations after treatment. The best would be to give a “filler 
pass” to the patient that notes which filler was when and where injected. Despite all 
precautions, adverse effects may. Take them seriously and never dismiss a patient’s 
concerns. Treatment should be instituted as soon as possible.
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INTRODUCTION 

Scarring is a reality of all invasive cutaneous surgical procedures. This chapter will 
deal with the evaluation, management, and surgical and other physical revisions of 
facial scars that are primarily faced by Mohs and dermatological surgeons. 
Subsequent chapters of this book will address additional techniques available for  
the aesthetic improvement of surgical scars, including lasers and laser-like devices, 
injectable agents, and topical therapies.

Even the best-executed repairs are not completely invisible to the trained eye on 
close inspection. Thus, the standard that the reconstructive surgeon should aspire  
to is not the absence of scarring, but maximal camouflage of the scar. As discussed 
in the previous chapters, scar camouflage can be achieved in a number of ways. 
Nonetheless, all patients should be counseled prior to their surgery on the possible 
need for revision. The incidence of revision increases with the complexity of the repair 
being attempted.

All surgeons will sometimes have unfortunate results that require revision. Herein we 
will discuss strategies for making those revisions a success. It is important to keep in 
mind that the first key to successful revisions is a proper initial reconstruction plan. 
Revisions required after well-conceptualized repairs are more often executable. On 
the other hand, revisions required because of repairs that were inadequately planned 
will be difficult, if not impossible, to successfully execute without the dreaded step of 
“starting over”—re-repairing the primary defect.

SCAR ANALYSIS

As the number of various scar revision procedures and tools continues to expand, their 
differing indications need to be considered by the surgeon. Thus, scar type analysis, as 
well as a thorough history and physical examination focused on scar-related findings, 
must be done prior to the selection of a specific revisionary technique.

HISTORY 

A complete personal and family history of scarring is advisable prior to any scar 
revision procedure. Important findings may include a history of keloids or widened 
(“fish- mouth”) scars; post-inflammatory hyperpigmentation; medications that inhibit 
wound healing, such as prednisone; and genodermatoses, such as Ehlers-Danlos 
syndrome, that may contribute to poor healing. Some factors, such as medication 
use, may be modifiable, and the surgeon should consider delaying any invasive 

The following is excerpted from  
Mohs and Cutaneous Surgery: 
Maximizing Aesthetic Outcomes  
by Alexander Berlin. 

©2014 Taylor & Francis Group.  
All rights reserved.  

Purchase a copy   HERE .
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surgical intervention until it has been stopped or the dose has been minimized. 
Others, such as keloid formation and post-inflammatory hyperpigmentation, are not 
readily modifiable, and patients should be counseled accordingly.

PHYSICAL EXAMINATION

Physical examination should focus on the specific type of the scar to be revised, as 
discussed below, as well as on scar location. High-tension areas, such as the chest 
and back, have an increased risk of keloid formaion, hypertrophy, and scar spread. 
The patient’s other scars should also be inspected for evidence of keloids, spread,  
or hyperpigmentation.

Scars are complex biological entities and may simultaneously contain several of  
the morphologies discussed below. The order in which multiple coexistent scar 
characteristics are addressed has to be based on the order of their importance to  
the patient.

Hypertrophic and Keloidal Scars 

Hypertrophic scars present as thickened fibrotic plaques limited to the area of the 
original wound (Figure 6.1). Hypertrophic scars may involute over time. Keloids, in 
contrast, are fibrotic plaques that extend beyond the boundaries of the original wound 
(Figure 6.2). They are frequently symptomatic—pruritic or painful—and rarely 
involute. They result from pathological fibroblast proliferation and collagen deposition 
within the wound. These scars are more common in high-tension areas, in young 
patients, and in darker skin types.

Hypotrophic and Spread Scars 

Hypotrophic scars present as depressed, and typically hypopigmented, plaques. They 
are wide and, in extreme cases, may approach the width of the original excision. In 
contrast to hypertrophic scars, these result from a paucity of collagen deposition. As 
mentioned in the “History” section, certain genodermatoses, may contribute to the 
formation of these scars. Most commonly, scar spread results from sustained wound 
tension or inadequate support from dermal sutures.

Inverted Scars 

Inverted scars present as narrow inversions along the suture line without spread 
(Figure 6.3). Patients with thick, heavy, sebaceous skin have a tendency to form these 
scars, even when the wound edges are well everted. Such scars may also result from 

Figure 6.1 
A hypertrophic scar on the chest following a 
melanoma excision.

Figure 6.2 • A large keloid on the ear.
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imprecise epidermal approximation during suturing. Inverted scars are easier to 
correct with minimally invasive techniques than true hypotrophic or spread scars.

Erythematous and Hyperpigmented Scars 

Erythema is frequently observed in early postoperative scars (Figure 6.4).2 This may 
be particularly noticeable in facial scars of patients with a tendency toward flushing 
or rosacea. Erythema may coexist with any other scar type. It may also lead to 
development of a hyperpigmented scar through the process of post-inflammatory 
hyperpigmentation, especially in patients with darker skin types.

Contracted Scars 

Contracture is an almost universal feature of scar maturation. Placement over concave 
surfaces or joints can lead, respectively, to webbing or joint contracture. Figure 6.5 
shows medial canthal webbing due to contraction of a full- thickness skin graft.

Figure 6.3 • (a) Mohs repair of cheek defect with an advancement flap. (b) Inversion of incision lines at 
6-week follow-up.

Figure 6.5  > 
(a) Medial canthal webbing due to 
undersizing of a skin graft for medial canthal 
repair. (b) Repair with a Z-plasty.

Figure 6.4 
A patient with scar erythema after undergoing 
a complex linear closure on the forehead.

a

a

b

b
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Improper Tissue Volume 

Inexact replacement of tissue volume may result in a less than ideal cosmetic result. 
This can be impossible to correct without re-repairing the primary defect. On the 
other hand, placement of excessive tissue in the primary defect leads to 
pincushioning, also called trapdoor deformity. While milder forms of pincushioning 
may result from other factors, such as flap edema, insufficient undermining, or 
ineffective deep sutures, placement of excess volume within the primary defect 
re-creates this problem in almost all cases.

SCAR REVISION TECHNIQUES

WATCHFUL WAITING AND SCAR MASSAGE

Scar maturation is part of the wound healing process. Most scars undergo cosmetic 
improvement as they remodel over the course of 18–24 months post surgery. The 
importance of time cannot be overestimated, and the surgeon should counsel the 
patient that, except in the most extreme scenarios (e.g., severe ectropion, marked 
oral incompetence, or a rapidly growing keloid), any surgical revision should be 
deferred for at least 6–8 weeks post–surgery.

Many experts advocate scar massage in the postoperative period to improve surgical  
scar appearance. However, there is little actual high-quality data to support this 
maneuver. It is difficult to know whether the benefits often attributed to massage may in 
fact be due to the natural scar maturation process. Still, massage represents a low-risk 
intervention. If it is undertaken, patients should be counseled to firmly rub the scar with a 
lubricating substance, such as petrolatum, to avoid inadvertently traumatizing the wound.

In our experience, mild versions of wound abnormalities, such as pincushioning,  
scar inversion, webbing, and redness, resolve over the course of 2–3 months without 
the need for any physician intervention. This requires patience on the part of both 
patient and physician. Preoperative counseling on the scar maturation process, 
combined with periodic review of these principles during the postoperative period, 
can help make the prospect of waiting more tolerable for the patient.

Once the decision to undertake a revision is made, selection of the proper revision 
modality is of the utmost importance. For example, mild pincushioning is better 
treated with intralesional steroid injections than with surgical debulking, much as 
scar erythema is better targeted with pulsed dye laser treatment than with surgical 
or other physical resurfacing modalities. 
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DERMABRASION 

As one of the oldest scar revision technologies still employed today, dermabrasion 
represents a useful and cost-effective tool. Dermabrasion relies on mechanical 
removal of the epidermis and superficial dermis. It can be used to flatten raised 
scars (Figure 6.6), blend textural mismatches, and attenuate depressed scar lines 
(Figure 6.7). While it has been suggested that dermabrasion is most useful when 
performed 6–8 weeks postoperatively, dermabrasion can yield impressive 
improvement when delayed 3–4 months.

Dermabrasion is most effective on firm, stable skin, such as that of the nose, and 
should not be performed on the eyelid because of the risk of ocular injury and 
ectropion from scar contracture. It should be approached cautiously in patients  
with a history of keloids and should not be performed in patients who have used oral 
isotretinoin in the previous 6 months, though this issue has not been fully settled.

Technique 

The area to be dermabraded should be marked with gentian violet marker. High and 
low areas should be marked to ascertain progress. The strategy should focus on 
lowering any elevated areas and on making the transitions from these into any 
depressed scar areas more gradual. Generally, dermabrasion should encompass at 
least superficial dermabrasion of the entire cosmetic subunit to improve textural 
uniformity. Skin refrigerants have historically been used to provide anesthesia and 
improve the turgor of tissue to be dermabraded. However, the availability of these 
products has waned. Instead, local anesthesia with injectable lidocaine with 

Figure 6.6 • (a) A markedly pincushioned skin graft on the nasal tip. (b) Immediately after dermabrasion. (c) Two weeks post dermabrasion, the area is 
completely healed, with a seamless aesthetic result.

ba c

Figure 6.7 
(a) Depressed scar lines after nasal tip 
repair with an island pedicle flap. (b) 
Improved scar blend after dermabrasion.

a

b
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epinephrine provides effective anesthesia for the localized dermabrasion while 
increasing skin turgor.

Once the area is marked and anesthetized, it should be prepped with an appropriate 
surgical disinfectant, such as betadine or chlorhexidine. Both patient and staff should 
don impervious gowns and eye and hair protection to prevent communication of 
blood-borne disease and soilage of clothing by the tissue debris created by mechanical 
dermabrasion. Dermabrasion may be performed with a mechanical hand engine,  
such as those manufactured by Bell Handengine®, Inc. (Grants Pass, OR) or Osada, Inc. 
(Los Angeles, CA), though equivalent efficacy has been demonstrated with manual 
dermabrasion with sterilized sandpaper.  Our preference is to use the Bell hand engine 
with a diamond fraise, as it allows for rapid, consistent, and predictable resurfacing.

The hand engine should be held in the dominant hand with a pencil grip. Most 
mechanical dermabraders feature a foot switch. The fraise should encounter the skin 
at a 30°–45° angle. The long axis of the handle should be kept perpendicular to any 
free margins. If the handle is oriented parallel to a free margin and the direction of 
rotation of the fraise is away from the free margin, the tissue can be inadvertently 
drawn together by the dermabrader, leading to injury to unintended areas (e.g., tooth 
enamel when dermabrading the upper lip).

With the fraise and handle in proper orientation just above the area to be 
dermabraded, the foot switch can be actuated and the spinning tip brought into 
contact with the tissue. The fraise should be kept constantly moving over the area 
with a gentle back-and-forth or circular motion to prevent burrowing or gouging of 
the tip into the tissue. Elevated areas should be gradually sanded down to the level of 
the normal tissue. When treating depressed scars, the surgeon should sand the 
areas around the depressed scar to attenuate the transition to the normal tissue. 
When attempting to correct textural mismatch, such as that between a skin graft and 
native skin of the nasal tip, the surgeon should treat the entire subunit until confluent 
punctate bleeding is seen. When needed, an assistant may utilize saline–moistened 
gauze to wipe away any debris from the field to improve visualization. It is of prime 
importance that gauze, drapes, hair, clothes, and other loose materials be kept well 
away from the rotating dermabrader tip, as entanglement could result in injury to the 
patient, staff, or surgeon, as well as almost certain damage to the instrument.

Postoperative Care 

Significant oozing may occur during and after dermabrasion. Applying gauze pad 
moistened with 3 mL of lidocaine with epinephrine for 2–3 minutes is generally effective 
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in producing vasoconstriction and hemostasis. Ointment and a pressure dressing can 
then be applied. This dressing is left intact for 24–48 hours. The patient is then 
instructed to perform daily wound cleaning with gentle soap, followed by application of 
ointment and a bandage until the wound re-epithelializes. Most facial wounds 
reepithelialize within 5–7 days post dermabrasion.

SURGICAL SCAR REVISION

There are numerous surgical scar revision techniques with wide ranges of indications. 
Selection of the appropriate procedure to correct the problem at hand is of the utmost 
importance when this type of revision is considered. Except in cases of true function-
limiting scars (e.g., severe ectropion, oral incompetence), surgical scar revision is best 
delayed 6–12 months after the original surgery to allow for scar maturation.

Direct Scar Excision 

Direct scar excision is the simplest surgical revisionary procedure (Figure 6.8). An 
inverted, spread, or keloidal scar may be excised in an elliptical manner and closed 
linearly. Though keloid excision is a complicated topic unto itself and will not be 
discussed in detail here, adjunct use of intralesional steroids, as discussed in 
Chapter 8, may be considered in such cases. Before the procedure, careful analysis 
of the root cause of the undesirable result must be performed. As previously 
discussed, scars on high-tension areas, such as the upper trunk and proximal 
extremities, have a natural tendency to spread. Alternatively, a patient may have a 
history of spread or atrophic scars, which makes it likely that the same result will be 
seen after a revisionary procedure.

Figure 6.8 • (a) Planned scar excision. (b) After scar excision.

a b
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If scar excision is to be performed, an ellipse is marked around the scar. Once 
anesthesia is achieved, the scar is excised. Some authors advocate leaving a small 
amount of scar tissue in the wound bed to add bulk and to prevent re-inversion of the 
scar. Wide undermining should be performed to minimize tension on the wound edges. 
Buried vertical mattress sutures should be placed to maximize eversion. The epidermal 
edges should then be carefully re-approximated. This type of revision relies entirely on 
meticulous surgical technique to deliver an outcome superior to that of the original 
procedure. Such being the case, great care should be taken intraoperatively.

Debulking 

Debulking, such as for a pincushioned transposition flap, can be thought of as a 
three-dimensional version of scar excision. Instead of marking an ellipse around the 
scar, the surgeon marks the original incision lines along with the areas of excess 
tissue volume. After anesthesia is achieved, the original incision lines are re-incised 
in the area of the pincushioning defect to access the extra bulk. Excess subdermal 
fibrofatty tissue is excised to correct the contour discrepancy. Meticulous hemostasis 
prevents hematoma formation in this new potential space, which could otherwise 
lead to recurrence of the contour deformity. The area is widely undermined, and 
high-quality buried vertical mattress sutures are placed to prevent recurrence of the 
trapdoor defect.

Scar Disruption Techniques 

The running W-plasty and geometric broken line closure may be used as adjuncts to 
scar excision. In a W-plasty, the opposing wound edges are trimmed in an opposing 
zigzag manner, so that when brought together, they fit together in a tongue-and-
groove pattern. The running geometric broken line closure involves cutting the 
opposing wound edges in random geometric shapes (Figure 6.9). It is also designed 
so that the edges, when apposed, fit in a tongue-in- groove pattern. Both closures 
seek to break a visible scar into shorter segments, which are less perceptible. These 
scar disruption techniques are useful for the same groups of scars as direct scar 
excision, and they have the added value of being able to reorient portions of a 
malpositioned scar into the relaxed skin tension lines (RSTLs). The same meticulous 
patient selection and surgical technique are required for these modifications as for 
direct scar excision.
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Scar Reorientation 

Z-plasty is the classic example of a surgical revision to reorient scars and 
redistribute tension. Z-plasty creates two opposing triangular flaps, whose common 
side is the scar to be reoriented (Figure 6.10). When the flaps are transposed over 
one another, the central scar is reoriented. Due to the length exchange between the 
shorter central limb and the larger distance between the bases of the triangular 
flaps, the scar is lengthened (Figure 6.11). Thus, the Z-plasty may be used not only to 
reorient a malpositioned scar but also to obtain tension release in a contracted scar. 
Z-plasty may be used to reposition a retracted free margin, correct webbing of a scar 
over a concavity, or release a contracted joint.

Figure 6.9 • (a) Visible suture lines at the distal and proximal margins of inset of a paramedian forehead flap. (b) Planned geometric broken line closure. 
(c) Final result.

Figure 6.10 • (a) Z-plasty to reorient a scar on the cheek. (b) Sutured result. (c) Final result.

b

b
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Z-plasty design can be confusing even for an experienced surgeon. Remembering 
several key points makes it more accessible (Table 6.1). Once designed, the area is 
anesthetized and prepped. The incisions are made, and the area is widely 
undermined to release scar contracture and to allow for tension-free closure. The 
flaps are then transposed into the new orientation and carefully sutured to maximize 
camouflage of the newly created suture lines. Placing a dot on one of the triangular 
flaps can help ensure that the flaps are sutured into their correct final orientation.

A V-Y flap is an advancement flap that can be used to “push” a distorted free margin into 
place or to release a contracted scar. A V-shaped incision is made through the dermis. 
Undermining is performed around the scar but, most importantly, not beneath the newly 
cre- ated triangular flap of tissue. The trailing edge of the “V” is closed linearly, pushing 
the flap into its desired position. The mathematical principles underlying the V-Y flap 
have not been explored as rigorously as those of the Z-plasty. The lengthening effect of 
the V-Y advancement results from the pushing vector generated by closure of the 
secondary defect at the trailing edge of the flap. It is generally not as effective in 
producing lengthening as the Z-plasty and is therefore used less frequently.

Not to be confused with the V-Y closure, a Y-V flap may be used to pull a free margin 
that has been distorted by a pushing vector (e.g., a downwardly distorted upper 
vermilion border or a “bulldozed” alar margin). A Y-shaped incision is made above 
the free margin to be reoriented, with the long axis of the “Y” placed perpendicularly 
to the free margin. The V-shaped scar is created by advancing the apex toward the 
base of the Y until the desired margin retraction is achieved (Figure 6.12).

Table 5.1 • Z-Plasty Technique

1. The central limb is the scar to be released/reoriented.

2. From either end of the central limb, mirror-image peripheral limbs are drawn in opposite directions 
from the opposite ends of the scar. For a single Z-plasty, the lengths of the peripheral limbs should 
equal the length of the central limb.

3. The angle at which these peripheral limbs intersect with the central limb determines the degree of 
lengthening. The greater the angle of incidence, the more the lengthening (Figure 6.11).

4. For each central limb, two different mirror-image Z-plasties can be designed. The resulting scar 
orientation can be anticipated by visualizing a line that connects the bases of the two flaps. The Z-plasty 
that places the final scars into the most advantageous orientation should be selected.

5. In the case of a longer scar, where a single large Z-plasty would be impossible, the scar may be broken 
up into segments and addressed by a series of smaller Z-plasties. These follow the same design 
principles as a single Z-plasty.
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60 degree Z-Plasty before transposition

60 degree Z-plasty after transposition
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FIGURE 5.11 A schematic of a 60° Z-plasty. The scar to be elongated is marked with a solid red 
line. The elongated final length is signified by the red dotted line. A 60° Z-plasty produces 75% scar 
lengthening.

TABLE 5.1 Z-Plasty Technique
 1. The central limb is the scar to be released/reoriented.
 2. From either end of the central limb, mirror-image peripheral limbs are drawn in opposite 

directions from the opposite ends of the scar. For a single Z-plasty, the lengths of the peripheral 
limbs should equal the length of the central limb.

 3. The angle at which these peripheral limbs intersect with the central limb determines the degree of 
lengthening. The greater the angle of incidence, the more the lengthening (Figure 5.11).

 4. For each central limb, two different mirror-image Z-plasties can be designed. The resulting scar 
orientation can be anticipated by visualizing a line that connects the bases of the two flaps. The 
Z-plasty that places the final scars into the most advantageous orientation should be selected.

 5. In the case of a longer scar, where a single large Z-plasty would be impossible, the scar may be 
broken up into segments and addressed by a series of smaller Z-plasties. These follow the same 
design principles as a single Z-plasty.

Figure 6.11 
A schematic of a 60� Z-plasty. The scar to 
be elongated is marked with a solid red line 
The elongated final length is signified by the 
red dotted line. A 60� Z-plasty produces 
75% scar lengthening.
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CHEMICAL SCAR RESURFACING AND OTHER PHYSICAL MODALITIES

Other physical treatments utilizing various chemical peels and microneedling 
devices, such as Dermaroller (Dermaroller GmbH, Wolfenbüttel, Germany) or 
DermaStamp (Lamelle, Sandton, South Africa), have been successfully used in the 
treatment of various atrophic scars, such as acne and varicella scars. These 
techniques rely on injury-provoked neocollagenesis and the production of ground 
substance to normalize the appearance of scars. Unfortunately, studies evaluating 
these modalities in the treatment of postsurgical or post- Mohs scars are lacking; 
this would be an important future research topic.

Additionally, a technique known as chemical reconstruction of skin scars (CROSS) 
has been described in literature. The procedure involves pinpoint application of 
concentrated acid, such as 80%–100% trichrolacetic acid, to the base of an atrophic 
scar using a sharpened wooden applicator. This results in the immediate frosting of 
the base, followed in several days by desiccation and eventually by sloughing off of 
the epidermal tissue. This is thought to stimulate new collagenogenesis, which 
gradually results in the elevation of the scar base. Several sessions, typically 
performed 2–4 weeks apart, may be required for optimal improvement. While this 
technique also has not been formally studied in the context of post-Mohs surgical 
scars, anecdotal evidence suggests its potential usefulness in the treatment of small 
depressed scars, such as those occasionally encountered following second intent 
healing (Figure 6.13).

Figure 6.12 • A Y-V flap may be used to elevate a free margin.
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CONCLUSIONS

Scar revision is an inevitable part of the Mohs or dermatological surgeon’s practice. 
The ability to properly analyze scars allows the surgeon to select the proper scar 
revision modality. Optimum results can be achieved by pairing a specific scar type 
with the appropriate scar revision modality.

Figure 6.13 • A depressed scar treated with the CROSS technique using 95% TCA. The patient underwent Mohs surgery for a basal cell carcinoma but did 
not want a repair after tumor extirpation. (a) Atrophic scar before TCA-CROSS. (b) Immediate frosting upon application. (c) Appearance after two sessions. 
Note that the scar is shallower. (Courtesy of Alexander L. Berlin, M.D.)
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It has been estimated that over 100 million people develop surgical scars each year in 
the developed world secondary to over 55 million elective surgeries and approximately 
25 million operations after trauma. There are at least an equal number of various 
traumatic scars including burns. Acne occurs in approximately 50% of people and 
about 10% of these develop scarring of some type, so with a population of 311 million in 
the USA there will be about 15 million persons with acne scars. There are, at least, a 
comparable number of scars secondary to minor procedures, excisions, and biopsies 
performed in medical offices.

Treatment of scars to decrease pain, pruritus, and contracture with limitations of 
motion or to improve their cosmetic appearance has progressed significantly over the 
past decade. The visibility of a scar depends on its width, texture, color, and flatness. 
Some of these characteristics can be controlled during the wound healing process 
and they can all be altered with early intervention. Mature scars will respond to 
treatment as well. As will be discussed, the orientation toward treatment of scars  
has shifted to prevention of scarring preferably rather than improvement of scars 
after they have healed.

As pointed out by Tsao et al., there are basically three types of scars: (i) atrophic 
(most commonly seen in acne and chickenpox scars), (ii) exophytic scars 
(hypertrophic scars and keloids), and (iii) flat scars, which are considered normal 
scars that gradually become imperceptible with time.

Abnormal wound healing results in hypertrophic scars and keloids. These were first 
described in the Smith Papyrus around 1700 BC. In 1802, Jean Louis Albert described 
abnormal scarring that invaded adjacent normal tissue with extensions similar to a 
crab’s legs and coined the term “cheloide” to describe this entity. In 1962, Mancini 
differentiated keloids from hypertrophic scars by the observation that hypertrophic 
scars remain confined to the original borders of the injury, whereas keloids project 
beyond the original wound margins. Distinguishing keloids from hypertrophic scars 
can be difficult, particularly because the original wound margin may remain intact 
but expand as more scar tissue forms, especially with tension on the wound. This will 
result in a hypertrophic scar that appears to extend beyond the borders of the original 
wound, but really does not. As stated by Roseborough et al., this definition leads to 
confusion because it implies that there is a continuum from normal scar to 
hypertrophic scar and then to keloid as the scar has exceeded a vaguely defined 
wound border. In reality, they are both unique entities.

Keloids tend to have a familial predisposition and are more common in dark-skinned 
individuals, with an incidence of 6–16% in African populations. They may develop 

The following is excerpted from  
Lasers and Energy Devices for the 
Skin by Mitchel P. Goldman, 
Richard E. Fitzpatrick, E. Victor 
Ross, Suzanne L. Kilmer, Robert 
A. Weiss. 

©2013 Taylor & Francis Group.  
All rights reserved.  

Purchase a copy   HERE .
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without a known injury and do not regress spontaneously, whereas hypertrophic 
scars usually occur within 8 weeks of skin trauma and sometimes regress over a 
period of a few years.

Histologically, they both show an overabundance of collagen, but hypertrophic scars are 
characterized by fine wavy bundles parallel to the surface and nodules containing 
myofibroblasts, whereas in keloids the collagen bundles are thicker and disorganized 
without nodules of excess myofibroblasts. Keloid-derived fibroblasts produce increased 
amounts of collagen per cell and appear to function autonomously. Overall, collagen 
synthesis in keloids is approximately 20 times that of normal skin.

A genome-wide association study (GWAS) identified the enzyme NEDD4 and its 
encoding gene (neural precursor cell expressed developmentally downregulated 
protein 4) as one of possible genes associated with keloid susceptibility. A possible 
mechanism of NEDD4 involvement in keloid formation is through enhancement of 
proliferation and invasiveness of fibroblasts accompanied by upregulation of type I 
collagen expression. Furthermore, NEDD4 upregulates expressions of fi bronectin 
and also contributes to the excessive accumulation of extracellular matrix (ECM) 
also. Fibroblasts are considered to be the key cellular mediators of fibrogenesis in 
keloid scars. Fibroblast activation protein-alfa (FAP-α) and dipeptidyl peptidase IV 
(DPPIV) are proteases located at the plasma membrane promoting cell invasiveness 
and tumor growth and have been associated with keloid scars. A study that 
associates cell invasiveness and tumor-like activity found that FAP-α and DPPIV are 
found in increased levels in fibroblasts taken from punch biopsies of keloid scars. 
These proteases located at the plasma membrane promote cell invasiveness and 
tumor growth. FAP-α and DPPIV may increase the invasive capacity of keloid 
fibroblasts rather than by modulating inflammation or ECM production. Since FAP 
expression is restricted to reactive fibroblasts in wound healing and normal adult 
tissues are generally FAP-α negative, inhibiting FAP-α/DPPIV activity may be a novel 
treatment option to prevent keloid progression. Keloids may be best considered 
almost as “tumors” of scar tissue.

Knowledge of the wound healing process is necessary to understand when and how 
to intervene. There are three distinct phases: inflammation, which occurs during the 
initial 48–72 hours after wounding and is characterized by recruitment of various 
cells necessary for wound repair. The second stage of proliferation lasts 3–6 weeks 
and is the time period of deposition of the extracellular matrix as a structural 
framework; myofibroblasts initiate wound contracture. The maturation phase is the 
third stage that lasts as long as a year or more during which a balance is achieved 
between new tissue biosynthesis and degradation.
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In patients with normal wound healing, investigators found persistent fibroblast 
activity similar to the proliferation phase at 4 months and that most scars fade at 
about 7 months, but a considerable proportion had persistent redness at 12 months. 
As stated by Roseborough et al., the most important factors that are known to 
contribute to the degree of scar formation are the extent and duration of 
inflammation, the degree of mechanical tension on the wound, and the genetic 
phenotype of the patient. Control of inflammation is paramount in the prevention  
of excessive scarring. That includes prevention of infection, removal of foreign bodies 
in the wound, prevention of mechanical abrasion or irritation of the wound, and 
maintenance of a moist environment. However, the failure of anti-inflammatory 
therapies to improve fibroproliferative diseases such as pulmonary fibrosis suggests 
that factors other than inflammation may be critical. Areas of investigation include 
direct inhibition of cytokine elaboration, fibroblast proliferation, and ECM deposition.

The complexity of the wound healing process dictates that a multifaceted approach is 
used in the prevention of scarring as well as in improving the cosmetic appearance of 
scars. Those facets include (i) surgical—use of appropriate surgical principles in 
primary procedures as well as in revisions of scars; (ii) medical—use of topical and 
intralesional (IL) medications that may influence the wound healing cascade or 
decrease inflammation; (iii) laser intervention—use of various lasers to improve the 
color, texture, and contours of scars.

The first report of treatment of hypertrophic scars and keloids with a laser was by 
Ginsbach and Kuhnel about argon laser treatment of keloids in 1978. Hulsbergen-
Henning et al. reported temporary improvement in keloids treated with the argon 
laser, but Apfelberg et al. reported no improvement in 13 keloids treated with the 
argon laser. Proposed mechanisms of action have been coagulation of capillaries 
leading to localized tissue anoxia and heat conduction causing dermal shrinkage. 

The CO2 laser has also been reported as useful in the management of keloids. Used as 
a continuous wave beam for excision of keloids, Bailin reported success in 1982, which 
he attributed to its nontraumatic and anti-inflammatory properties. However, others 
were not able to confirm his findings, and recurrences as high as 90% were reported.

The use of a high-energy, short-pulsed (<1 ms) CO2 laser was much more successful. 
Bernstein et al.  reported in 1998 their results of using CO2 lasers with these 
characteristics to treat 24 patients with postsurgical hypertrophic and keloidal scars 
as well as six patients with traumatic, acne, or varicella scars. All 30 patients showed 
greater than 50% improvement.
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The erbium laser (Er:YAG, 2940 nm) has a coefficient of absorption for water that is  
16 times greater than that of the CO2 laser. This results in enhanced tissue vaporization 
and much less residual thermal damage. It is interesting that Bailin considered the CO2 
laser to be nontraumatic and anti-inflammatory. It is the senior author’s observation 
(REF) that thermal injury is very inflammatory and this needs to be carefully controlled. 
The ablative effects of the erbium laser are much less inflammatory but also do not 
result in hemostasis, which make its use problematic. However, the combined use of 
pulsed CO2 followed by pulsed erbium can result in a much less inflammatory wound. 
Used in this manner a hypertrophic scar or sharply defined atrophic scar can be 
carefully sculpted to achieve a smoother surface.

The principles of selective photothermolysis revolutionized the field of cutaneous laser 
surgery. By adhering to these principles, the short-pulsed CO2 laser can be used with 
minimal residual thermal damage. It is this characteristic that makes the UltraPulse 
CO2 laser appropriate for use in some cases of hypertrophic scarring and keloids.

The use of these same principles with the 585-nm pulsed dye laser (PDL) resulted in 
a successful treatment of atrophic, hypertrophic, and keloid scars. Alster et al. 
reported improvement in erythema, skin texture, and flattening of hypertrophic 
portions of scars. Ten scars received five treatments over a 10-month period. These 
scars had been present for 15–120 months prior to treatment. PDL treatment of 14 
erythematous hypertrophic scars present for a minimum of 2 years resulted in 57% 
and 83% improvement after one and two treatments. Treatment parameters were a 
pulse duration of 0.45 ms and a fluence of 6.5–7.25 J/cm2 with a 5-mm spot size. 
Dierickx et al. found similar results using the PDL to treat erythematous hypertrophic 
scars. Goldman and Fitzpatrick treated 48 hypertrophic and erythematous scars. 
Thirty-seven were treated with PDL alone, while eleven received concomitant IL 
corticosteroid [triamcinolone acetonide (TAC), 5–10 mg/mL]. Those scars treated with 
both modalities achieved greater resolution than those receiving only PDL treatment. 
An average of 4.4 treatments was needed for objective clinical improvement. Alster 
and Williams used 585-nm PDL treatment to one-half of median sternotomy 
hypertrophic scars, using the untreated half as a control. They compared optical 
profilometry, clinical, histological, and symptomatic responses. Significant 
improvement was seen in all parameters in the treated half versus the control half.

Manuskiatti and Fitzpatrick reported that 585-nm PDL using a pulse width of 0.45 ms 
was more effective in decreasing scar size and improving scar pliability than a pulse 
of 40 ms.
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Wittenberg et al. and Alster reported randomized controlled trials combining silicone 
gel sheeting and IL steroid injections with PDL versus PDL alone. Both trials found 
PDL to be effective, but no added benefit with combining the second modality (38). 
This conclusion has not been supported by other studies, which will be reviewed in 
other sections of this chapter.

Nonoverlapping laser pulses with fluences of 6.0–7.5 J/cm2 using a 7-mm spot or 
4.5–5.5 J/cm2 with a 10-mm spot have been recommended for treatment of 
hypertrophic scars and keloids. In the experience of the senior author (REF), these 
parameters work well, when used with a 6- or 10-ms pulse width. Tanzi and Alster 
found that two to six treatment sessions may be needed to successfully improve scar 
resolution, which includes scar color, height, pliability, and texture. Alster and 
McMeekin reported improvement in facial acne scars after treatment with the 
585-nm PDL and Alster and Nanni reported improvement in hypertrophic burn scar 
using this same laser.

A review of the use of the PDL for nonvascular lesions revealed several reports 
showing better clinical improvement using low-to-moderate fluences that do not 
cause purpura. This fluence will vary depending on the pulse width and spot size.

In addition to improvement in erythema and flattening of scars, there is a clear 
reduction in itching and pain as well as optimization of skin texture.

Not all reports have been as positive. Allison et al. found the PDL to be effective in 
alleviating the intense pruritus that often occurs during the healing of a burn injury 
but did not reveal significant reduction in scar redness or improvement in height and 
texture of the scars. In a similar manner, Chan et al.  treated one-half of each of 27 
hypertrophic scars using 585 nm, 5-mm spot, 7–8 J/cm2, and 2.5-ms pulse with three 
to six treatments. They found significant improvement in pain and touch sensitivity on 
the treated side, but no improvement in thickness or elasticity of the treated side. 
Perhaps the small spot site and relatively high fluence had some negative effects on 
their out- come. Karsai et al. report that 5–10 PDL sessions lead to only a moderate 
reduction in hypertrophy but a significant decrease in pain and irritation.

The mechanism of action of the PDL on scars is unclear. The laser’s specific 
targeting of vessels may damage the microvasculature directly, leading to hypoxia 
and an increase in collagen degradation. In addition, superheating of collagen fibers 
can result in the dissolution of disulfide bonds and subsequent collagen fiber 
realignment with decreased fibroblast proliferation as well as release of histamine.  
It is interesting how similar this thesis is to the proposed mechanism of action of the 
argon laser, another vascular-targeting laser.
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These hypotheses are supported by work done by Reiken et al. on hypertrophic scar 
implants in athymic mice. The degree of inhibition of scar growth was found to be 
proportional to PDL fluence that was used, ranging from 6 to 10 J/cm2. They also 
found maximum effect at the lowest wavelength tested (585–600 nm). On histological 
examination, significant vessel wall necrosis was seen in the treated scars, 
confirming that the microvasculature is the primary target. A decrease in mast cells 
was also seen after treatment and this is thought to alter fibro- blast proliferation 
and contribute to success as well.

Alster and Williams reported that their biopsy studies showed a proliferation of mast 
cells. These mast cells could indirectly influence the proliferation of fibroblasts 
through the release of histamine, which may contribute to keloid development. 
Histamine would be released right after treatment and prolonged mast cell activity 
has been associated with increased scar “activity,” because histamine is capable of 
enhancing collagen synthesis.

Biochemical studies performed by Kuo et al.  have shown a decrease in the induction 
of transforming growth factor-beta1 (TGF-β1) and upregulation of matrix 
metalloproteinase (MMP) expression in keloid tissue treated with a 585-nm PDL. This 
would favor collagen degradation and fibro- blast apoptosis. They reported 50% 
improvement in 26 of 30 patients with keloids after five to six treatments using 585 
nm, 0.45-ms pulse, 5-mm spot, and 10–18 J/cm2.

A study has shown that PDL treatment of keloids downregulates the expression of 
connective tissue growth factor (CTGF) in greater than 80% of patients studied. CTGF 
is not found in normal skin but found only in pathological scar tissue, specifically 
keloids. Blocking TGF-β will affect both normal and pathologic scarring, whereas 
blocking CTGF will attenuate only pathologic scarring and the PDL role in this regard 
is likely to be one of its mechanisms of action on keloids.

The optimum time for treatment has not been definitively determined, but most 
clinicians agree that early treatment is preferable. McCraw and colleagues have 
promoted early postoperative initiation of PDL treatment in order to prevent excessive 
scar formation. They described scar prevention effects by treating surgical wounds 
either 2 weeks after surgery or 1–2 weeks after suture removal. Scar induration and 
redness were diminished as was the incidence of hypertrophic scar- ring. This 
concept is supported by Mancini et al. who showed that keloid fibroblasts do not 
deviate from their normal pattern for at least 3 weeks after surgery. Therefore, 
initiating treatment at 2–3 weeks after surgery may be preventative. Nouri et al. 
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treated one-half of each surgical scar in 11 patients starting on the day of suture 
removal, twice more at monthly intervals using the PDL. A definite improvement in 
the treated half was seen using the Vancouver Scar Scale. They also recommend 
using a larger spot size.

The most common adverse side effect of 585-nm PDL treatment is purpura, which 
usually takes 7–10 days to resolve. Hyperpigmentation has been reported to occur in 
1–24% of patients. Transient hypopigmentation and blistering have also been reported.

NONABLATIVE FRACTIONAL RESURFACING FOR SCARS

In 2004, Manstein and Anderson introduced a new concept of skin treatment called 
fractional photothermolysis (FP) that delivers an array of microscopic treatment 
zones (MTZs) of thermal damage of controlled depth, width, and density to the skin. 
These MTZs are surrounded by untreated areas of viable epidermis and dermis that 
allow for rapid repair of these small volumes of thermal heating and tissue damage.

Laubach and colleagues provided a detailed histologic study on the biologic response 
to nonablative fractional resurfacing (NAFR) using a prototype diode laser. Within 1 
hour after laser irradiation, well-defined columns of epidermal and der- mal thermal 
damage are evident, but the overlying stratum corneum remains intact. The 
importance of preserving the stratum corneum is that it protects against possible 
bacterial infection as it serves as a barrier function of the skin and also enhances 
hydration of the underlying wound. Within 24 hours, viable cells from the periphery of 
the MTZs migrate and proliferate rapidly to replace the thermally damaged epidermis 
(60). Exfoliation of coagulated tissue occurs from the formation of microepidermal 
necrotic debris (MENDs). Studies have shown that MENDs comprise thermally 
damaged epidermal and der- mal cells along with melanin and elastin (61,62). 
MENDs undergo transepidermal extrusion between 3 and 7 days, and initiation of a 
biologic signaling cascade is seen by an increased expression of cellular markers of 
dermal wound healing and neocollagenesis such as heat shock protein 70, 
proliferating cell nuclear antigen, α-smooth muscle actin, collagen III, and TGF-β. 

Clinically, fractional resurfacing with nonablative microscopic delivery of high 
energies to targeted depths in the dermis has allowed significant clinical 
improvement, including photodamage, scarring, and dyspigmentation. The fractional 
approach requires a series of two to six treatment sessions at 2- to 4-week intervals. 
The primary advantage has been greater safety, without any reports of scarring or 
permanent hypo- pigmentation. In addition, it has the ability to treat off-face areas in 
an effective and safe manner.
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The first fractional resurfacing laser developed was the Fraxel SR 750® (Reliant 
Technologies, Mountain View, California, USA), which consisted of a diode-pumped 
erbium fiber laser, emitting light at 1550 nm to target water in the skin. Two different 
MTZ density settings (125 and 250 MTZ/cm2) were available for the first-generation 
Fraxel laser. The final treatment density was then determined by both MTZ setting 
and the number of laser passes, varying from 5% to 35% of the surface. MTZs of 
81–180 μm in width and 300 μm to greater than 900 μm in depth are produced in the 
skin depending on the pulse energies used (63). An Intelligent Optical Tracking 
System monitors and adjusts for variable hand speed so that aids in the deposition of 
uniform MTZs.

The second-generation Fraxel SR 1500, or Fraxel Re:Store® introduced several 
changes including a telescoping zoom lens that allowed adjustment of the diameter 
of the treatment column depending on the treatment energy, resulting in more 
superficial columns and smaller in diameter with lower energy and more penetrating 
columns and larger in diameter with higher energy. The pulse energy ranges from  
10 mJ, which penetrates approximately 200 μm, to a maximum energy of 70 mJ, 
which penetrates approximately 1.4 mm, whereas up to 60% of the skin’s surface can 
be treated in one session. Competing fractional delivery devices including the Lux® 
1540 fractional erbium (Er):Glass (Palomar Medical Technologies Inc., Burlington, 
Massachusetts, USA), Affirm® (Cynosure, Inc., Westford, Mas- sachusetts, USA), 
Matrix® IR (Syneron Medical Ltd, Yokneam, Israel), and Mosaic (Lutronic, Inc., Ilsan, 
Korea) use a “stamping” approach to deliver the fractionated infrared  laser  beam. 
The main disadvantage of stamping a fixed pattern is the high likelihood of 
posttreatment skip areas and the production of Moire artifacts from inadvertent 
overlap of treatment sites. On the other hand, most stamping devices do not require 
consumables and are also often associated with less pain, even with equivalent total 
depths and densities, compared with their scanning counterparts.

The use of NAFR has been well studied for the treatment of scarring, including acne 
scars, surgical scars, and traumatic scars. Narurkar reported a retrospective review 
of 877 cases treated with the second-generation erbium-doped 1550-nm Fraxel and 
found that treatment of acne scars, surgical scars, and mild-to-moderate 
photodamage achieved the most consistent results, whereas the most variable 
results were seen in the treatment of melasma and deep rhytides. Noteworthy that 
although CO2 and the Er:YAG ablative resurfacing with 100% coverage of the treated 
surface achieve exceptional results for facial rhytides, lesser degrees of improvement 
were seen for scarring with both lasers. One of the reasons might be that the depth 
of macroscopic tissue ablation is limited with those lasers because 100% of the 
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surface area is treated, whereas NAFR can deliver the MTZs deeply (>1300 μm) into 
the dermis with great safety, particularly with regard to preservation of pigment. 
Treatment to the full depth of the scar appears to be an important factor in a 
successful treatment.

Rahman and colleagues treated 40 patients with a variety of scars (14 acne scars,  
11 surgical scars, 13 traumatic scars, and 15 striae) and found that at 3 months,  
22 of 49 scars (44.9%) were moderately to completely improved. Subjects reported 
moderate-to-complete improvement in 32 out of 52 scars (61.5%). Surgical scars and 
acne scars had the highest improvement scores, whereas traumatic scars had the 
lowest. Surgical scars showed the greatest improvement in surface texture and 
atrophy, whereas acne scars had the greatest improvement in color mismatch.

Several other studies have demonstrated the efficacy and safety of NAFR in the 
treatment of scars (67–70). Rokhsar and colleagues reported improvement in skin 
texture and decreased scar severity in all patients. Ten patients with atrophic acne 
scars and five with surgical scars were treated with an average of four sessions of 
Fraxel Re:Store at weekly or monthly intervals, at fluences of 8–20 mJ and density of 
2000 MTZ/cm2. Behroozan and colleagues reported greater than 75% improvement 
rated by both the patient and an independent physician evaluator in the degree of 
erythema, induration, and overall texture in a surgical hypertrophic scar (68). This 
patient had been treated once with the Fraxel SR 1500 at a pulse energy of 8 mJ and 
density of 2000 MTZ/cm2 1 month after a Mohs’ surgery procedure.

Interestingly, fractional laser treatment has shown to be an effective treatment for 
different types of scars: hypertrophic, atrophic, erythematous, and dyschromic.

Treatment of both atrophic and hypertrophic surgical scars in 13 patients using Fraxel 
SR 1500 was reported by Kunishige and colleagues (69). Patients received one to eight 
laser sessions at 4-week intervals using energy levels from 6 to 70 mJ and densities of 
312–2500 MTZ/cm2 (12–87.5% density). At 2 weeks after the last treatment, nine 
patients had greater than 75% improvement, two patients had 51–75% improvement, 
and two patients had 25–50% improvement. The results were maintained for all 
subjects at 2 months of follow-up. Longer follow-up would be expected to show greater 
degrees of improvement as remodeling of scar tissue proceeds.

Treatment of hypertrophic scars with NAFR has been reported by Niwa and 
colleagues. Eight patients with hypertrophic scars (seven from surgical procedures 
and one from burn injury) received two to three treatments with Fraxel Re:Store at 
4-week intervals, using fluences of 35–50 J/cm2 and treatment densities of 20–26%. 

C R C  P R E S S C R C P R E S S . C O M



122

7 :: TREATMENT OF SCARS
RICHARD E. FITZPATRICK 

At 4 weeks after last treatment, three patients achieved 51–75% improvement and 
five patients achieved 26–50% improvement. Improvement in hyperpigmented scars 
occurred in all hyperpigmented scars and post-inflammatory hyperpigmentation 
(PIH) was not observed in this small study even in patients with Fitzpatrick skin type 
IV. Clinical improvement of pigmented lesions with FP has been correlated 
histologically to the formation of microscopically small areas of epidermal necrotic 
debris and dermal contents containing melanin. Those necrotic contents are 
progressively eliminated through extrusion, releasing pigment and resulting in the 
improvement of pigmented lesions. In addition, Goldberg and colleagues showed 
histologic and ultrastructural evidence that FP decreases the number of melanocytes 
and the amount of melanin granules within the keratinocytes, which is consistent 
with this elimination process aforementioned.

The use of 1550-nm fractional resurfacing laser outperformed the use of the 595-nm 
PDL in a randomized split- scar study conducted by Tierney and colleagues. Fifteen 
scars of minimum 2 months after Mohs’ surgery received four treatments at 2-week 
intervals and were evaluated regarding dyspigmentation, thickness, texture, and 
overall cosmetic appearance. Fluences of 70 mJ at treatment level 8 (coverage 23%) 
were used for the Fraxel SR 1500, whereas fluences of 7.5 J/cm2 with a pulse 
duration of 0.45 ms were used for the PDL. The Fraxel Re:Store was superior in all 
categories of evaluation with a mean cosmetic improvement of 75.9% versus 53.9% of 
improvement on the PDL-treated half of the scar. In addition, the 1550-nm fractional 
resurfacing showed unique improvement in hypopigmented scars (65% vs. 0%) and 
atrophic scars (68% vs. 13%). The authors attribute the success of Fraxel® Re:Store 
to both hypertrophic and atrophic scars to the controlled delivery of high fluences to 
the deep dermis, which serves to maximize the tissue effects of normalization of 
neocollagenesis and collagenolysis. In addition, scars with significant erythematous 
component showed significant improvement with the nonablative fractional laser 
likely due to specific targeting of dermal blood vessels, which has been demonstrated 
histologically (Figure 7.1).

Repigmentation of hypopigmented scars with NAFR has been reported by previous 
studies in the literature. Mechanisms of partial repigmentation remain speculative 
but may be attributed to stimulation of melanocyte proliferation and migration from 
the periphery of the wound (76,77). The excimer laser has been effective in the 
repigmentation of hypopigmented scars; however, the results diminished over time 
and maintenance was required at 1–4 months. In 2007, Glaich and colleagues 
conducted a pilot study with seven patients with hypopigmented facial scars (six from 
inflammatory acne and one from a gas fire) treated with a series of two to four Fraxel 

a

b

Figure 7.1 
(a) Erythematous atrophic scar 6 months 
after brachioplasty. (b) Significant 
improvement is seen in the scar 6 months 
following four treatments with Fraxel 
Re:Store at monthly intervals using 20mJ 
and 20% density.
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Re:Store treatments at 4-week intervals. Energy settings ranged from 7 to 20 mJ at a 
total density of 1000–2500 MTZ/cm2 (35–87.5% total coverage). At 4 weeks after the 
last treatment, independent physician evaluation revealed 51–75% improvement in 
hypopigmentation in six of seven patients. All patients reported improvement in 
hypopigmentation lasting greater than 3 months after last treatment.

Massaki and colleagues combined the use of erbium-doped 1550-nm fractionated 
laser (Fraxel Re:Store) with topical bimatoprost and either topical tretinoin or 
pimecrolimus for the treatment of hypopigmented scars. Fourteen patients with 
hypopigmented scars from various causes were treated with an average of 4.5 
sessions of Fraxel Re:Store at 4 to 8-week intervals and simultaneously started 
topical bimatoprost and tretinoin or pimecrolimus. At 4 weeks after the last laser 
treatment, 5 patients had more than 75% improvement in hypopigmentation and  
12 had more than 50% improvement. Noteworthy is that after a mean follow-up of 
20.1 months, all patients showed persistent clinical improvement. Although 
additional studies are required to compare the efficacies of these treatment 
modalities individually, this combination therapy appears to have a synergistic effect 
in the improvement of hypopigmented scars (Figure 7.2).

Pham and colleagues investigated the efficacy of 1550-nm Fraxel in 13 patients with 
mostly atrophic and hypopigmented facial surgical scars (80). Four treatments were 
performed at intervals of 4 weeks at an initial setting of 40 mJ and treatment level 4 
(11% density). Patients’ assessments showed statistically significant improvement in 
color match, stiffness, thickness, and irregularity. The results were maintained at 
follow-up visits at 6 months after last treatment. The authors suggested that laser 
treatments may be more effective for earlier treatment of scars as two patients who 
had no improvement had scars for more than 2 years after surgery (Figure 7.3).

a b

Figure 7.2 • (a) Multiple flat scattered hypopigmented scars of nose are present 15 years following pulsed 
CO2 laser resurfacing and 10 treatments of Fraxel Re:Store at 1- to 6-month intervals. (b) The addition of 
topical bimatoprost BID (Latisse) and tretinoin 0.025% qd resulted in >75% improvement in the 
hypopigmentation.
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As previously discussed with the PDL, earlier treatment with the 1550-nm fractional 
Er:Glass laser to prevent  hypertrophic scar formation has been reported by Choe 
and colleagues. Twenty-seven Korean patients at 2–3 weeks postoperative of 
thyroidectomy received four sessions with the MOSAIC laser® (Lutronic Corp., Seoul, 
South Korea) using 10 mJ, 1500 spot/cm2, and static mode at 1-month intervals. 
Subjects were compared with a cohort of untreated thyroidectomy scars at 6 months 
after the final treatment. The laser-treated scars achieved significantly better 
cosmetic results than the untreated control in the aspects of prevention of 
hypertrophic scar formation and the Vancouver Scar Scale, which is based on the 
grade of pigmentation, vascularity, pliability, and height of scars. The authors suggest 
that using low-energy, high-density parameters may avoid excessive stimulation of 
cytokines in the deep dermis that can result in a greater chance of scar formation 
and can be safely used in colored Asian skin. Although further practical experiences 
with diverse parameters are required to establish a standardized protocol for 
postsurgical scarring, including the exact timing of scar treatment, earlier treatment 
with lasers and light devices, including fractional lasers, appears to optimize the 
wound healing process and possibly suppress the formation of hypertrophic scar.

Tierney et al. hypothesize that the success of NAFR in treating scars is related to 
delivering high-energy pulses deep in the dermis, while Choe et al. suggest that the 

a b

Figure 7.3 • (a) Sharply defined atrophic hypopigmented scars are very visible 3 months after a brow lift 
positioned just superior to the eyebrows bilaterally. (b) Significant improvement in color and texture is 
seen after 4 treatments with Fraxel Re:Store performed at 2- to 4-week intervals using 40 mJ and 36% 
density.

a b

Figure 7.4 • (a) Abdominoplasty scar 2 weeks following suture removal. (b) The scar is cosmetically 
improved by the use of Fraxel Re:Store starting 2 weeks after suture removal and repeated at 4-week 
intervals for four treatments using 30 mJ and 17% density.
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prevention of scarring with the use of NAFR may be related to the use of high density, 
but low-energy pulses in order to avoid stimulation of the deep dermis. It is possible 
that these two different situations require different laser parameters for success 
(Figures 7.4 and 7.5).

Kunishige and colleagues also confirmed that nonablative fractional laser treatment 
can be effective in different types of scars, including hypertrophic, atrophic, 
erythematous, and hyperpigmented. Thirteen patients with surgical scars were 
treated up to eight monthly sessions (average 3) with the Fraxel Re:Store laser using 
energy levels from 6 to 70 mJ and final densities from 312 to 2500 MTZ/cm2 (about 
17% to >100% coverage). At the 2-month follow-up visit, almost all patients achieved 
at least 50% improvement with more than half of the subjects achieving 75% 
improvement or greater. Differently from other studies, the authors found that scars 
older than 1 year improved as much as scars that were younger.

Efficacy and safety using the 1540-nm Er:Glass fractional nonablative laser (Lux1540, 
Palomar Medical Technologies, Inc.) to treat 33 surgical and posttraumatic scars 
were demonstrated by Vasily and colleagues. Three to seven treatments with energies 
up to 60 mJ and 5 passes were performed at 3- to 6-week intervals. At 1 month of 
follow-up, 73% of treated scars improved 50% or more and 43% improved 75% or 
more. Investigators also found a modest inverse correlation between scar age and 
percent improvement with a mean improvement score of 69% ± 20% (s.d.) for scars 
up to 10 years old versus 41% ± 18% (s.d.) for scars older than 10 years (p<0.001). 
However, even older scars showed marked improvement.

The observations made in these two studies showing that older scars do respond to 
NAFR are an important and significant observation that the senior author can 
confirm from his personal experience.

Burn scars often pose a therapeutic challenge with limited available treatments.  
New modalities of treatment are clearly needed as patients affected by these thermal 
scars frequently suffer from morbidities and psychological impairments.

Haedersdal and colleagues conducted a randomized con- trolled trial of 17 adult 
patients with burn scars of 1 year or older with side-by-side test areas of three 
monthly 1540-nm fractional laser (Lux1540, Palomar Medical Technologies) versus 
no treatment. Energy ranged from 70 to 100 mJ/mb and 15-ms pulse duration in 3–4 
passes. At 12 weeks after the last treatment, laser-treated skin was significantly 
more even and smooth compared with adjacent untreated sides. Eight out of 17 
patients evaluated the burn scars to be moderately or significantly improved, eight 

Figure 7.5 
A series of surgical scars were divided into 
two sections: one untreated and one treated 
with Fraxel Re:Store starting on the day of 
suture removal and at 2-week intervals for 
a total of five treatments. The treated half 
was invariably less visible 3 months after 
the fifth session. Source: Photo courtesy of 
Cameron Rhoksar, MD.
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patients reported mild improvement, and one patient reported no benefit from the 
treatments. Superficial burn scars appeared to respond better than deeper possibly 
due to limited penetration depth of laser into the dermis. Moreover, skin grafted, 
meshed sites also responded better than non-meshed sites in this study suggesting 
that nonthermally damaged zones of transplant tissue might respond better than 
thermally damaged, fibrotic tissue.

Waibel and Beer published case reports in 2008 and 2009 on the use of fractional 
lasers (AFR and NAFR) for the treatment of burn scars, which showed improvement 
in hyperpigmentation, erythema, and texture. 

Waibel and colleagues treated 10 patients with burn scars with five monthly sessions 
of Fraxel Re:Store. Pulse energies of 40–70 mJ and densities of 232–552 MTZ/cm2 
(level 7–13; densities of 20–38%) were used. At 3 months after final treatment, 
improvement in texture was seen in all patients and improvements in dyschromia, 
atrophy, or hypertrophy were seen in 96% of patients.

ABLATIVE FRACTIONAL RESURFACING FOR SCARS 

Fractional delivery systems for both CO2 and Er:YAG lasers emerged in an attempt to 
achieve the clinical results  obtained with traditional ablative lasers. Unlike nonablative 
fractional lasers, which were previously discussed, these devices ablate epidermis and 
variable depths of the dermis, requiring downtime for healing, but often only a single 
treatment session. The combination of epidermal and dermal ablation seems  
to produce a more significant wound healing response and dermal neocollagenesis, 
which helps explain the more predictable and faster response in the treatment of 
wrinkle lines, skin tightening, scarring, and dyschromias compared with nonablative 
devices. Compared with conventional ablative lasers, ablative fractional resurfacing 
(AFR) has greater safety and diminished healing time, as normal skin is preserved in 
adjacent areas, as well as the ability to treat off-face in an effective and safe manner.

Several ablative fractional lasers are available on the market. The Fraxel Re:Pair 
system (Reliant Technologies, Mountain View, California, USA) is similar to the 
nonablative Fraxel lasers in operation with a continuous scanning mode with an 
optical tracking system in which each individual spot is precisely delivered in an  
even distribution. Other devices have a stamping handpiece from which all spots are 
delivered in a single pulse passing through a lens array; and a scanning stamp 
pattern delivered by a computer pattern generator such as the Lumenis Active FX 
and Deep FX, the Er:YSGG laser (Pearl®, Cutera, Brisbane, California, USA), and 
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Er:YAG lasers including Alma Pixel®, Palomar Er:YAG, and Sciton Profractional®. 
Varying depths of ablation and coagulation with varying spot sizes and shapes are 
possible with these devices. Unlike conventional CO2 or Er:YAG lasers, deeper 
coagulation of up  to 1600 μm can be safely used because of the fractional delivery of 
laser irradiation. Histological evaluation of wound healing with an ablative fractional 
CO2 device from Reliant Technologies using increasing pulse energies in vivo showed 
a parallel column of epidermal and dermal ablation as deep as 1700 μm with a 70-mJ 
pulse. By 48 hours, adjacent epidermal cell migrate into the ablated areas and there 
is formation of MENDs as well as expression of heat shock protein 72, which 
diminishes by 3 months. Heat shock protein 47 is detected at 7 days and persists for 
3 months, indicating persistent collagen remodeling. By 1 week after treatment, the 
re-epithelialization is complete with extrusion of the MENDs. At 3 months after 
treatment, newly formed compact collagen is observed throughout the dermis.

Hale and colleagues reported the use of the prototype Fraxel Re:Pair laser for the 
treatment of facial traumatic and surgical scars in 13 patients. One to three 
treatments were performed with energy levels of 20–70 mJ per pulse and 200–300 
MTZ/cm2 (densities of 10–17%). All patients reported significant improvement with  
no significant long-term sequelae.

A multicenter clinical study reported the use of fractional CO2 laser (SmartXide® DOT, 
Deka) for the treatment of rhytides, photoaging, scar, and striae distensae in 52 patients. 
Subjects received one to five monthly treatments with 5–30 W, 200–2000 μs of dwell time, 
and 200- to 2000-μm DOT pitch. Significant improvement at 1 and 3 months of follow-up 
was seen in rhytides, photoaging, and scarring, and variable and inconsistent results 
were found for striae distensae. The mean grade improvement for scars was moderate at 
2.25 (s.d. ± 0.5) on a 4-point improvement scale (0 = no improvement, 1 = minimal 
improvement, 2 = moderate improvement, 3 = advanced improvement; 4 = complete 
resolution of scars) and required multiple treatment sessions.

Two studies compared the use of fractional CO2 laser with classic dermabrasion for 
the treatment of scars and both found that laser-treated scars showed quicker 
clinical recovery with superior or equivalent clinical efficacy. Cervelli and colleagues 
compared the fractionated ultrapulsed CO2 laser (UltraPulse® Encore, Lumenis Ltd, 
Santa Clara, California,USA) with classic dermabrasion in 60 patients with 
posttraumatic and pathological scars (93). The Deep FX was used first with pulse 
energy ranging from 12.5 to 17.5 mJ followed by the Active FX with a pulse energy 
ranging from 90 to 130 mJ. Significant difference emerged between the laser and 
dermabrasion groups regarding the duration of the procedure (CO2 laser; p<0.05), the 
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postoperative pain (greater for dermabrasion p = 0.03). In addition, healing was 
complete in 7 days for the laser and 12 days for the dermabrasion group (p<0.05).
Both physician and patients assessed that pigmentation, texture, and appearance of 
skin were slightly superior in the laser group versus the dermabrasion group 
(p<0.05). Christophel and colleagues used a split-scar method to compare 
fractionated CO2 laser (Fraxel) Re:Pair and diamond fraise dermabrasion on 12 
postsurgical scars of the face. Fluence of 40 mJ and treatment level 8 (23% density) 
with 4 passes were used for the fractionated CO2 laser. Dermabrasion had 
significantly greater  erythema, edema, and  eschar  formation  than the matched 
section of fractionated laser at 1 week posttreatment and a trend toward greater 
erythema at 1 month of follow-up (p = 0.06). Three blinded physicians evaluated the 
cosmetic improvement at 3 months and found that both treatment modalities had 
equivalent cosmetic efficacy. However, it should be pointed out that diamond fraise 
dermabrasion is much more dependent on the skills of the operator, so it is difficult 
to reach any general conclusions from this study.

Atrophic postoperative and traumatic scars were successfully treated with three 
treatments of CO2 AFR at 1- to 4-month intervals by Weiss and colleagues. Nineteen 
atrophic scars received treatment with the Fraxel Re:Pair with 70 mJ per pulse, 200 
MTZ/cm2 per pass, 2–3 passes (27–38% coverage) on facial scars and 40 mJ per 
pulse, 200 MTZ/cm2, and 2–3 passes (20–30% coverage) on off-face scars. The 
authors noted prolonged erythema when using higher fluences and higher coverage 
levels on off-face scarring that often becomes a cosmetic concern for patients; 
therefore, lower settings were chosen for off-face scars even though the efficacy is 
possibly reduced with lower energy and lower levels of coverage. At the 6-month 
follow-up visit, both patient and investigator scores revealed improvement in skin 
texture, pigmentation, atrophy, and overall scar appearance for all scars. Image 
analysis with a 3D optical profiling system revealed a 38% mean reduction of volume 
and 35.6% mean reduction of maximum scar depth. No pigmentary changes or 
scarring were noted at the 3-month follow-up visit. 

This prolonged healing and erythema, which have been reported with the use of 
higher fluences or higher densities of AFR used on the torso, arms, and legs, has 
also been seen by the senior author and is significant enough to advise that the use 
of AFR in these locations of scars needs careful consideration. Often NAFR is 
preferable because of avoidance of pro- longed erythema.

Interestingly, not only NAFR, which has been shown to produce significant 
improvement in hypopigmentation of both acne and surgical scars, but also ablative 
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a b c

Figure 7.6 • Before and 1 year following treatment with Fraxel Re:Pair 40 mJ and 30% density: perioral, bilateral cheeks and lower eyelids, in three 
different views (A-C).
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fractional CO2 laser appears to improve hypopigmentation. Tierney and colleagues 
reported a case of facial hypopigmentation after traditional ablative CO2 laser 
successfully treated with a series of three treatments at 8-week intervals with a 
fractionated CO2 laser (Dermal Optical Thermolysis, DOT laser, Eclipse Med, Dallas 
Texas, USA). Treatment parameters were 30 W, 500-μm pitch 500 μs for the face and 
20 W, 500-μm pitch, 500 μs for the neck. At 2 months after last treatment, the 
hypopigmentation and line of pigmentary demarcation between the face and the neck 
improved by 75%.

Waibel and colleagues reported the successful outcome in a patient with a third-
degree burn scar that was more than 50 years old after a single session with an 
ablative fractional CO2 laser (Lumenis, Santa Clara, California, USA). The Deep FX 
mode was used first with 12.5 mJ/cm2, density 3, and the Active FX was used for the 
second pass, with 80 mJ/cm2, density of 1. According to the authors, who had 
previously described successful treatment of burn scars with NAFR, AFR may require 
fewer treatments and be a more cost-effective treatment option for patients.  
However, this will depend on the characteristics of the scar as well as its location 
(Figures 7.6 and 7.7).

Haedersdal reported a case of a man with a 5-year-old thermal burn scar on his arm 
with skin grafting that left a “mesh-like” pattern, successfully treated with fractional 
CO2 laser (MedArt, Hvidovre, Denmark). A single pass was performed with 8 W, 24 
mJ, 3 ms, and two different densities of 64 and 100 MTZ/cm2 (13 and 20% coverage, 
respectively). Another area was left as untreated control. Three months after 
treatment, significant improvement in texture and color of the side treated with 
high-density coverage was seen, with skin texture appearing more even and smooth 
compared with that of the control side. Although less remarkable, slight improvement 
was seen in the area treated with lower-density coverage.

Previous reports had suggested that early treatment with the nonablative fractional 
Er:Glass lasers improves the appearance of postoperative scars, reducing the 
incidence of hypertrophic scarring (81). This same approach can be used with AFR. 
Jung and colleagues reported that early postoperative treatment of hyroidectomy 
scars using fractional CO2 laser resulted in clinical improvement of more than 51% in 
12 out of 23 subjects treated. Patients received a single session with the eCO2

® laser 
(Lutronic Corporation, Goyang, Korea) 2–3 weeks after surgery using 50 mJ of pulse 
energy, density of 100 spots/cm2, 2 passes in the static mode (coverage 12.7%). 
Follow-up results 3 months after treatment revealed that 4 of 23 patients had near 
total clinical improvement (>75%), 8 marked improvements (51–75%), and 9 moderate 

Figure 7.7  
Improvement in facial burn scar following 
treatment with Fraxel Re:Pair. Source: 
Photo courtesy of William Groff, MD.
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improvements (26–50%). Two patients had posttreatment hyperpigmentation that 
spontaneously resolved within 1 month (Figure 7.8).

Ozog and Moy published a clinical trial showing that intraoperative treatment of 
surgical wounds using a fractional CO2 laser improved the appearance and texture of 
the surgical scar.

ACNE SCARRING 

One of the most common and difficult conditions to treat is acne scarring. It almost 
always requires more than one treatment session and more than one treatment 
modality to be successful.

The most comprehensive acne study performed, HANES-1, studied 20,749 US citizens 
of age 1–74 years in 1978 and found the prevalence of acne vulgaris to be 68 per 1000. 
A more restricted study of 749 patients aged 25–58 years determined overall acne 
prevalence as 58% for women and 40% for men. Scarring was noted in 14% of the 
women and 11% of the men. Even though there are very effective treatments for 
acne, only 16% seek appropriate treatment, which greatly increases the risks and 
incidence of scarring.

It is useful to classify acne scars morphologically in order to choose an appropriate 
treatment modality. A simple classification deals with tissue loss or excess. If there is 
excess tissue, we are dealing with a hypertrophic scar or keloid—most common 
along the jawline and glabellar areas.

Jacob et al. describe a useful classification of acne scars with loss of tissue or 
damage to tissue. Ice-pick scars are small in diameter (<2 mm) but have sharply 
defined edges and penetrate deep into the dermis. These scars are commonly seen 
on the mid-cheeks and chin. The second category, boxcar scars, may be shallow or 
deep, but generally measure 1.5–4.0 mm in diameter and have sharply defined, often 
vertical walls and the base may be very firmly bound down. The third category, rolling 
hills, have soft edges and may be circular or linear but generally >4 mm in diameter. 
A simple but very significant test regarding possible response to treatments that 
tighten the skin is to grasp the skin tightly and observe how much improvement 
results with simply stretching the skin. Rolling hills scars will usually improve 
50–100% with this maneuver, whereas boxcar scars show minimal improvement 
(0–25%) and ice-pick scars show no change.

When treating rolling hills scars, full face or full areas are generally treated with 
procedures that peel the skin and stimulate new collagen. These will be discussed in 

Figure 7.8  
(a) Thyroidectomy scar at least 5 years after 
surgery. (b) Significant improvement is seen 
6 weeks after a single treatment with Fraxel 
Re:Pair using 20 mJ and 15% density. 
Although early treatment is preferable, 
even older scars such as this may respond 
extremely well. Only the scar was treated, 
not the photodamaged neck.

a

b
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greater detail. For the ice-pick and boxcar scars, a better result may be obtained by 
first performing a surgical procedure: punch or elliptical excision of the scar to convert 
it to a linear scar that can then be blended. Punch elevation of the base of the boxcar 
scar may also be considered. The sharply defined edges of a boxcar scar may also be 
improved by the use of ablative resurfacing precisely to convert the scar to a soft rolling 
hills scar that is much more responsive to treatment. Subcision was first described by 
Orentreich and Orentreich in 1995, as a procedure using a tri-bevel needle to puncture 
the skin and then in arcs parallel to the surface of the skin to break up scar tissue that 
is binding the base of an atrophic scar. This procedure has been particularly promoted 
for rolling hills scars and is said to induce neocollagenesis over 6 months or more. 
Improvement of approximately 50% has been reported and some consider it the 
surgical procedure of choice for rolling hills scars. However, this author’s experience is 
more in line with that of the blinded evaluators who found minimal change with 
subcision at 3 and 6 months in 20 patients. It would be unusual for subcision to result 
in significant improvement as an isolated single treatment as done in this study. Once 
of these adjunctive surgical procedures have been performed, then laser treatment 
should be more effective (Figure 7.9). 

In evaluating acne scarring, there are two types of dyspigmentation that are 
particularly bothersome to patients. Although they are not truly scars, they may 
persist for as long as a year or more and should be treated to hasten their resolution. 
These two macular dyspigmentations follow inflammatory acne and are 
postinflammatory erythema and PIH. PIH generally occurs in patients with Fitzpatrick 
skin types III and IV. Topical therapy with retinoids and hydroquinone is often effective, 
but at times it is necessary to treat with lasers. Generally, spot treatment is done with 
Q-switched alexandrite or ruby lasers or IPL. It is best to treat at low fluences as too 
aggressive an approach is likely to result in the recurrence of PIH. Therefore, two to 
four sessions are planned at 2- to 4-week intervals.

a b

Figure 7.9 • Sharply defined ice-pick and small crater scars are visible (a) prior to treatment.  
(b) Improvement in scars was achieved in a step-wise fashion using punch excision followed by AFR over 
the full cheeks and then NAFR using Fraxel Re:Store 50 mJ, 35% density in multiple sessions confi ned to 
the visible scars.
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When the patient has red macules that are secondary to the healing phase of 
inflammatory acne, there is usually some active acne as well. The PDL and the IPL 
have both been used in managing this condition. The mechanism of action is thought 
to be absorption of light energy by porphyrins produced by Propionibacterium acnes, 
which induces bacterial death.

There are conflicting reports in the literature regarding efficacy. One controlled study 
of 40 patients treated with one or two sessions of subpurpuric dosing using 585-nm 
PDL showed no benefit. However, a very similar study of 41 patients by a different 
group found significant improvement.

A study performed in 2006 demonstrated a significant increase in TGF-β1 messenger 
RNA levels induced by 585-nm PDL treatment. This may be significant as far as    
promoting collagen synthesis. Prevention and treatment of various types of scars 
have been reported with the PDL.

Most practitioners have found elimination of unwanted erythema and vessels is more 
efficient with purpuric settings, but subpurpuric settings will work with additional 
treatment sessions. Treatment of acne as well as macular erythema has three 
potential benefits: improvement in the acne, elimination of postinflammatory erythema, 
and stimulation of new collagen that enhances wound healing and minimizes scarring.

NONABLATIVE FRACTIONAL PHOTOTHERMOLYSIS FOR ACNE SCARRING

Resurfacing procedures such as dermabrasion, medium-to-deep chemical peels, 
and ablative laser resurfacing have been traditionally used to treat patients with 
extensive, widespread acne scarring. These techniques remove the epidermis and 
upper dermis without affecting the skin appendages (sebaceous glands, hair follicles, 
and sweat ducts), which allow the regeneration of the skin and collagen production 
through skin’s healing process. Particularly the CO2 laser, which has been recognized 
as the gold standard resurfacing procedure, also heats the nonablated dermis, 
resulting in immediate thermally induced skin tightening.

Despite the dramatic results achieved with the CO2 laser for the treatment of 
photoaged skin, wrinkle removal, skin tightening, and acne scars, it has been 
associated with prolonged erythema, extended recovery periods, hyper and 
hypopigmentation, and in rare cases scarring. Because of these potential risks and 
significant downtime for healing (2–4 weeks), nonablative lasers using long-pulsed 
infrared wavelengths (1320, 1440, 1450, and 1540 nm) were developed as a safe 
alternative. These nonablative, nonfractional lasers create a controlled thermal injury 
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to the dermis that initiates a cascade of wound healing and remodeling events, 
resulting in neocollagenesis. However, a series of treatments are often required, and 
the improvement in photodamage and acne scars, particularly atrophic or ice-pick 
scars, was significantly less noticeable than that achieved with the ablative CO2 and 
Er:YAG devices. The reduced efficacy has been partially attributed to the lack of 
epidermal contribution to the wound healing process as well as the use of epidermal 
cooling. The degree of improvement correlates to some extent to the aggressiveness 
of treatment. In order to keep the treatments safe and without significant downtime, 
the treatments are delivered in a conservative manner because the devices deliver 
energy throughout the dermis. As a consequence, multiple treatment sessions are 
needed and results are generally subtle.

NAFR developed by Anderson and Manstein resulted in a rather predictable 
improvement of photoaged skin, color, texture, and scars of all types compared with 
nonablative lasers with better side effect profiles and less downtime than with 
traditional ablative resurfacing devices.

NAFR has known effects on tissue tightening with clinical improvement of fine lines 
and rhytides, likely due to stimulation of collagen production. The mechanism of 
action of NAFR for improving acne scarring is thought to be analogous to its effects 
on tissue shrinkage; that these columns of thermally damaged tissue initiate a 
cascade of wound healing and remodeling events, resulting in neocollagenesis. In 
addition, the deep penetration of the MTZs (>1300 μm) and the fractional approach 
allow greater efficacy and much greater safety.

In 2006, Geronemus first reported the use of NAFR (original prototype Fraxel laser) 
for the treatment of acne scarring. Seventeen patients with ice-pick, boxcar, and 
rolling scars received a series of five treatments at 1- to 3-week intervals. Mean 
improvement levels evaluated by digital photography, high-resolution typographic 
imaging, and patient-completed questionnaires were in the range of 25–50%,  
22–62%, and 29–67%, respectively. Posttreatment erythema, mild facial edema,  
and moisturizer-responsive xerosis were observed. No scarring or unwanted 
pigmentary changes were seen. Favorable results were seen in patients with darker 
skin phototypes and acne scars treated with NAFR.

Weinstein reported one of the largest series with 357 patients, Fitzpatrick skin types 
I–VI, with acne scarring treated with the Fraxel SR750. One to five treatments with 
pulse energies of 25–35 mJ according to scar severity and depth and density skin’s 
healing process. Particularly the CO2 laser, of 125 MTZ/cm2, 4–10 passes. At 3 
months after last treatment, which has been recognized as the gold standard 
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resurfacing procedure, also heats the nonablated dermis, resulting in immediate 
thermally induced skin tightening. 12% achieved excellent improvement (>75%), 73% 
had good improvement (50–75%), and 15% achieved fair improvement (25–50%). One 
patient developed transitory PIH and one subject had localized scarring that resolved 
with IL 5-fluorouracil (5-FU).

A study by Alster and colleagues found that the mean clinical improvement scores for 
atrophic acne scars after three monthly treatments with Fraxel SR750 were higher 
than those reported for facial rhytides in a study with similar design. Fifty-three 
patients with mild-to-moderate atrophic facial acne scars were treated with pulse 
energies of 8–16 J and densities of 125 and 250 MTZ/cm2 for 8–10 passes. Thirty- 
eight patients (71%) received two or more treatments. In total, 48 patients (91%) had 
at least 25–50% improvement after a single treatment, whereas 87% of those 
receiving three treatments achieved greater than 50% improvement. Transient 
acneiform eruptions occurred after 5% of treatment sessions. One patient with skin 
phototype V developed transient PIH at a setting of 250 MTZ but not after subsequent 
treatment at 125 MTZ.

Weiss and colleagues reported their experience in over 500 treatment sessions for 
acne scarring using the Lux1540 (Palomar). Three treatments were given at 4-week 
intervals using a fluence of 50–70 mJ/mb with a minimum of 3 passes for each 
treatment site. At 3 months after last treat- ment, blinded physician photographic 
analysis indicated a median improvement of 50–75%, whereas 85% of patients rated 
their skin as improved. Side effects were minimal and included mild posttreatment 
erythema and edema that resolved within 24 hours (Figures 7.10 and 7.11).

Many reports and studies have shown the efficacy of NAFR in the treatment of acne 
scars. Weinstein and col- leagues reported greater than 50% improvement in acne 
scars in 15 of 16 patients treated with two to four treatments with Fraxel at 2- to 
4-week intervals using a pulse energy of 12–20 mJ and 125 MTZ/cm2. A final total 
density of 2500–2750 MTZ/cm2 was achieved in each treatment.

Individuals with darker skin types and acne scarring, in whom previous ablative laser 
treatments carry the risk of permanent PIH, were successfully and safely treated with 
NAFR as reported by several authors. Hasegawa and colleagues treated 10 Asian 
patients with acne scars using the Fraxel SR laser at 6 mJ of pulse energy and 
1000–1500 MTZ/cm2 of final density. The results after up to three treatments at 2- to 
3-week intervals revealed that good-to-excellent improvement was reported in seven 
patients and fair improvement in three patients as assessed by physicians. No 
patients showed scarring or hyperpigmentation as a result of the treatment.
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a

b

Figure 7.10 • (a) Temples before and after seven treatments of resistant scars using Lux 1540-nm 
stamped NAFR using 50% overlap, 70 mJ/dot, 15 ms pulse. (b) Cheeks, excoriated acne, before and after 
three treatments using Lux 1540-nm stamped NAFR using 50% overlap, 60 mJ/dot, 15 ms pulse. Source: 
Photo courtesy of Robert Weiss, MD.

Figure 7.11 • (a) Before and (B) after fi ve treatments with LUX 1540-nm stamped NAFR using 50% 
overlap, 70 mJ/dot, 15 ms pulse: signifi cant smoothing of acne scars is seen. Source: Photo courtesy of 
Robert Weiss, MD.

a b
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Lee and colleagues treated 27 Korean patients with moderate- to-severe atrophic 
acne scars, including ice-pick, boxcar, and rolling scars with the Fraxel SR750. Three 
to five sessions were performed at 3- to 4-week intervals using 12–20 mJ and 
densities of 750–1500 MTZ/cm2 (35–70%). At 3 months after last treatment, 8 patients 
(30%) reported excellent improvement, 16 patients (59%) significant improvement, 
and 3 patients (11%) moderate improvement in the appearance of acne scars. 
Adverse events were transient pain, erythema, and edema with no incidence of PIH  
or scarring. 

Chrastil and colleagues used the second-generation Fraxel SR1500 that allowed 
higher fluence to achieve deeper penetration into the dermis to treat 29 patients with 
Fitzpatrick skin types I–V and facial and back acne scarring of all types (ice-pick, 
boxcar, and rolling). Two to six treatments at 1-month intervals were performed with 
pulse energies from 35 to 40 mJ and densities from 20% to 35%. At 1 month after last 
treatment, at least 50–75% improvement was seen in 23 of 29 patients. Five patients 
had greater than 75% improvement, five patients had 25–50% improvement, and one 
patient had less than a 25% response to treatment.

Cho and colleagues used the Mosaic 1550-μm Er:Glass laser (Lutronic Corporation, 
Gyeonggi, Korea) to treat 12 patients with mild-to-moderate acne scars and enlarged 
facial pores. Three sessions were performed at monthly intervals using pulse 
energies of 20–28 mJ and 400–900 spots/cm2 in dynamic mode with a 10-mm 
handpiece. Results at 4 months after last treatment revealed that for acne scars, 5 of 
the 12 patients demonstrated clinical improvements of 51–75% and 3 had 76–100% 
improvement. Two patients had moderate improvements of 26–50% and two showed 
minimal to no improvements (<25%). As for enlarged facial pores, 5 of the 12 patients 
demonstrated 26–50% improvement, 3 had 76–100% improvement, 3 showed 51–75% 
improvement, and 1 showed minimal to no improvement (<25%).

Kim and colleagues compared the Mosaic laser to chemical reconstruction of skin 
scars (CROSS) using 100% trichloroacetic acid to ice-pick and rolling hills scars in a 
split-face study involving 20 patients. One side was treated with the 1550-nm Er:Glass 
fractional laser three times with a 6-week interval using a pulse energy of 30–32 mJ 
and density of 300–350 spots/cm2 with a 6 mm × 6 mm handpiece. The other side was 
treated with CROSS method two times every 12 weeks. The fractional laser was found 
to be superior for treatment of rolling scars and equal to CROSS method for ice-pick 
scars. Although pain scores were significantly higher in the laser sides (4.49 vs. 3.33 
on a 10-point scale), downtime (3.17 vs. 9.72 days), and lasting days of erythema (3.30 
vs. 12.13 days) were significantly longer in the sides treated with the CROSS method.
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Hu and colleagues reported similar improvement in 45 patients treated with a single 
treatment of Fraxel SR750 (first generation) or Fraxel SR1500 (second generation) for 
moderate-to-severe atrophic acne scars. Thirty-two patients received 15–20 mJ and 
densities of 1000–2000 MTZ/cm2 with the first-generation laser and 13 received 
30–40 mJ and densities of 392–520 MTZ/cm2 with the second generation. There was 
no significant difference between the two groups. Physician evaluations revealed 
excellent results in 18%, good results in 31%, and fair results in 51%. Six patients 
(13%) developed PIH that lasted about 1 week.

Mahmoud and colleagues were the first to report the use of nonablative erbium 
1550-nm fractional laser in the treatment of facial acne scars in patients with 
Fitzpatrick skin types IV–VI. Fifteen patients were randomized for treatment in two 
groups: one was treated with 10 mJ and the other with 40 mJ. Treatment level 6  
(17% density) was used for both groups. Five monthly treatments were completed. 
Although there was significant improvement in acne scarring and overall appearance 
(p<0.001), there was no statistically significant difference between results of 10 and 
40 mJ regarding acne scarring or overall appearance. Six patients developed 
moderate PIH even though patients had received the triple combination cream 
(fluocinolone 0.01%, hydroquinone 4%, and tretinoin 0.05%) before and after laser 
treatment. No significant difference was found in PIH induced by 10 mJ from that 
induced by 40 mJ, although the authors highlighted that the small number of 
subjects in the study may not have had enough power to conclude that the results 
from the two groups were the same. Overall patients were satisfied with the results, 
with 11 of 13 subjects rating 50% or greater improvement in their acne scars.

Glaich and colleagues reported marked improvement in postinflammatory erythema 
resulting from acne vulgaris in two patients who received a single treatment session 
with Fraxel laser. Pulse energies of 18 or 6 mJ with 125 (7–14% densities) or 250 
MTZ/cm2 and final densities of 1250 or 2000 MTZ/cm2 were used for each of the 
patients, respectively. Moderate to marked clinical improvement in atrophic and 
ice-pick acne scars was noted 3 months after a series of five to six Fraxel treatments. 
The authors speculated that by targeting water, a major element of blood vessels, the 
1550-nm wavelength may lead to photothermal destruction of dermal blood vessels, 
resulting in the improvement of erythema. Previous reports have shown histological 
evidence of damage to dermal vasculature in patients undergoing FP; therefore, 
blood vessels located at various skin depths could be targeted for treatment by 
adjusting the pulse energy.

The use of the Affirm Laser (Cynosure) has shown to be effective for acne scars 
according to Kim and Lloyd. Kim and colleagues used the Affirm laser, which emits 
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1320- and 1440-nm wavelengths, for treatment of acne scars in 37 Korean patients. 
Three or four treatments were per- formed at monthly intervals with fluences of  
3–4 J/cm2 and 2 passes per treatment. Six of 18 patients and 13 of 19 patients had 
51–75% improvement after three and four treatments, respectively (Figure 7.12).

Lloyd and Tanghetti compared two treatment modalities with the Affirm laser for 
treatment of acne scars in 21 patients. The 1320-nm wavelength at 10 J/cm2 was 
compared with the combination 1320 nm at 10 J/cm2 plus 1440 nm at 2 J/cm2 (Multiplex) 
after five treatments at 3-week intervals. All patients showed improvement in their scars, 
but both physicians and patients considered the Multiplex modality superior.

Skin tightening in 12 Asian patients with acne scarring after treatment with NAFR  
was reported by Dainichi and colleagues. A random half of the face was irradiated  
twice at 4-week intervals using a fractional 1540-nm Er:Glass (Lux 1540), 45 mJ/mb, 
and 3 passes. Statistical analysis of the facial images showed significant skin tightening 
effect 4 weeks after the first and second irradiation (p<0.001 after both treatments).

In 2010, consensus recommendations from experienced physicians on the use of 
Fraxel Re:Store were reported by Sherling and colleagues. The panel contended that 
NAFR improved the appearance of acne scars by as much as 50% after a series of 
four to five treatments, each spaced 1 month apart. Acne scarring associated with 
PIH also showed significant improvement with FP. The recommended treatments 
settings for acne scars depend on the skin type. For skin types I–III, pulse energies 
from 30 to 70 mJ and treatment levels of 7–11 (20–32% densities) for 8–12 passes 

Figure 7.12 • Acne scarring on chin (a) before and (b) after two treatments 2 months apart with 1440-nm 
Cynosure Affirm. Source: Photo courtesy of Robert Weiss, MD.

a b
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were used. For skin types IV and V, pulse energies from 30 to 70 mJ and treatment 
levels of 4 to 5 (11–14% densities) for 8 passes were used. Some in the consensus 
group recommend treatment levels up to 10 in all skin types. Densities should be 
increased with caution in subjects with darker skin phototypes due to a greater risk 
of PIH. For posttreatment care, semiocclusive dressings or noncomedogenic 
moisturizers were recommended. Occlusive ointments such as petroleum jelly 
should be avoided in order to reduce acne flares. In addition, daily sunscreen 
(minimum sun protection factor 30 with helioplex or mexoryl) and posttreatment 
bleaching agents may help to decrease the risk of PIH (Figures 7.13 and 7.14).

Figure 7.13 • (a) Acne scars, primarily atrophic as well as hypertrophic, present for more than 20 
years. (b) Signifi cant improvement is seen 2 months following a single treatment with Fraxel 
Re:Store using 40 mJ and 32% density.

Figure 7.14  > 
(a) Irregular atrophic acne scars that 
had been excoriated. (B) Six months 
following two spot treatments with 
Fraxel Re:Store using 30 mJ and 
26% density at 2-month intervals.

a b
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b
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ABLATIVE FRACTIONAL RESURFACING FOR ACNE SCARRING

Although mid-infrared NAFR has been useful in the treatment of acne scarring without 
all of the side effects associated with pan-surface ablation, several treatments are 
needed, and the clinical efficacy of these treatments has not yet reached that of full 
ablative procedures, especially with regard to deeper rhytides and scarring. Acne 
scarring would be expected to have significantly more clinical response to AFR, 
particularly with a high-pulse energy that penetrates with tissue ablation over 1.5 mm 
in depth into the dermis. With the greater degree of injury with the AFR, whereby a 
confluent array of ablation and coagulation extends through the stratum corneum, 
epidermis, and dermis, Deng and colleagues observed a greater and prolonged effect 
on induction of new collagen and remodeling of dermal collagen.

Several authors have supported the use of AFR as a safe and effective treatment 
modality of acne scarring. Initially, clinical studies using a prototype CO2 fractional 
device from Reliant showed successful treatment of moderate-to-severe acne scars. 
Walgrave and colleagues treated 25 patients with mean pulse energies of 30–40 mJ 
and mean densities of 688–963 MTZ/cm2. Up to three treatments were performed at 
4- to 12-week intervals. Moderate (26–50%) improvement in overall appearance of 
acne scarring was noted by subjects at 3 months after the last treatment. Ten 
patients (32.1%) developed PIH that resolved on its own or with topical hydroquinone. 
Additionally, tightening of lax skin was seen in several subjects in the study. Transient 
erythema was observed in all patients and resolved within 1–3 months. No serious 
complications were reported.

Chapas and colleagues reported 13 subjects with moderate- to-severe acne scarring 
treated with two or three sessions with the Fraxel Re:Pair prototype at intervals of 
1–2 months. Pulse energies ranged from 70 to 100 mJ in acne scars regions and 
20–30 mJ elsewhere, with densities up to 1200 MTZ/cm2. Objective measurement  
of skin texture was obtained with a 3D optical profilometry system (Primos imaging) 
for the 10 most pronounced scars of 10 patients at baseline and at 3 months after  
the last treatment. Grading scores correlating with 26–50% improvement in texture, 
atrophy, and overall appearance of acne scarring were seen in all patients. Primos 
topographic analysis showed a mean improvement level in the depths of atrophic 
scars to be 66.8%. The authors noted that patients who received higher energy levels 
(70–100 mJ) for deeper scars on the cheeks on the second and third treatments had 
the highest improvement scores (51–75% range). The authors attribute the improved 
efficacy to deeper dermal penetration achieved with the fractionated CO2 laser that 
correlates to ex vivo studies with this device showing tissue ablation and thermal 
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effects as deep as 1 mm into the skin. No incidence of dyspigmentation or permanent 
scarring was noted during the 3 months of follow-up.

Ortiz and colleagues also used the prototype fractional CO2 laser from Reliant Corp. 
to treat 15 patients with moderate-to- severe acne scarring. Patients with Fitzpatrick 
skin types I–V underwent up to three treatments using pulse energies that ranged 
from 20 to 100 mJ with 600–1200 MTZ/cm2. In total, 87% of patients sustained 
significant improvement in the appearance of acne scarring at 3-month follow-up.  
No complications of short- or long-term dyspigmentation were reported. Hale and 
colleagues also found similar results after treating 15 patients with the same laser 
for acne scarring. Three treatments were performed over a 16-month period, using 
20–70 mJ per pulse at 200 MTZ/cm2. Side effects were minimal and transient. 

Kim evaluated the use of a technique using a standard CO2 laser with a small beam 
diameter to focus exclusively on the acne scars themselves, mimicking the approach 
of the fractionated lasers but with less downtime compared with standard CO2 
resurfacing and without the cost of purchasing a fractionated CO2 device. Significant 
improvement was seen in all 35 patients treated, with significantly less erythema, 
edema, and crusting than with standard CO2 laser resurfacing.

Kim and Cho have combined the use of ablative fractional laser (CoScan-5000®, 
Stratek, Inc., Anyang, South Korea) with a nonablative laser (1064 Nd:YAG CoolGlide 
Vantage®, Cutera) in order to reduce complications and improve the efficacy. Twenty 
Asian subjects were divided into two groups that received three monthly treatments 
with an AFR using high energy (Group A) and low energy (Group B) on one half of  
the face and an AFR with low energy plus a nonablative laser on the other half. At  
3 months after last treatment, the low-energy (15–35 mJ, 20% density) fractional  
CO2 plus Nd:YAG (30 ms, 5-mm spot, and 40–50 J/cm2) group yielded slightly better 
results than the high-energy low-density fractional CO2 group (50–70 mJ and 20% 
density). The average downtime decreased by 50% (3.6 vs. 7.5 days) with the dual 
treatment compared with the high-energy fractional CO2. The average duration of 
erythema (2 vs. 6 days) and hyperpigmentation (1 vs. 3 weeks) was clearly reduced in 
the dual treatment group.

Cho and colleagues reported the use of combining two treatment modes of an 
ablative 10,600-nm CO2 fractional laser system (UltraPulse Encore laser, Lumenis 
Inc., Santa Clara, California, USA) for the treatment of acne scars in Korean patients. 
Twenty patients with atrophic acne scars of all types received a single session of a 
CO2 fractionated laser using the Deep FX mode to the scars (10–20 mJ, density 2, and 
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300 Hz) and the Active FX mode (50–100 mJ, 68% coverage, 75 Hz) over the entire 
face. At 3 months after the treatment, one patient had 76–100% improvement, nine 
had 51–75% improvement, seven had 26–50% improvement, and three had 25% 
improvement or less. One patient developed PIH that spontaneously resolved within  
1 month. The authors advocated for the short-term use of systemic prednisolone to 
reduce the risk of post-therapy inflammatory reactions and subsequent pigmentary 
changes, particularly in Asian patients. 

Shek and colleagues used the Active FX to evaluate the efficacy and the risk of PIH after 
the treatment of acne scars in Asian skin. Ten Chinese patients underwent a single 
treatment session using 100 mJ, 50 Hz, pattern 3, size 5, and density 2. At 3 months 
after treatment, 70% of patients reported moderate to significantimprovement. Few 
instances of mild PIH were noted.

Cassuto and colleagues treated 30 patients with acne scarring, wrinkling, and tissue 
laxity with a microfractional CO2 laser system (Mixto Sx Slim Evolution®, Lasering, 
Modena, Italy). Subjects were divided into three groups to compare the use of higher 
energies with short pulse duration versus lower energies with longer pulse duration 
versus average energies and pulse duration. The settings were as follows: spot size 
300 μm, energy 8–13 W, pulse duration 2.5–5 ms, and density 20% or 40%. The 
average improvement (71–85%) was similar in all three groups.

In 2010, Wang and colleagues confirmed the safety and efficacy of fractionated CO2 
laser (MiXto SX®; Lasering) in Asian skin. Five patients with moderate-to-severe 
atrophic acne scarring underwent two sessions, 6–8 weeks apart, with 28 J/cm2,  
2.5 ms, 300-μm spot size, 20% skin coverage, and single pass. At 2 months after last 
treatment, four patients had mild improvement and one had moderate improvement. 
No complications, including PIH, were observed. The authors attribute the modest 
results found in their patients to the conservative parameters used.

Cho and colleagues conducted a split-face study with blinded response evaluation to 
compare the efficacy of single-session treatments of nonablative 1550-nm Er:Glass 
and ablative 10,600-nm CO2 fractional lasers for acne scars. Eight patients, 
Fitzpatrick skin type IV, with mild-to-severe atrophic acne scars had one side of the 
face treated with the Fraxel SR 1500 using 40 mJ and treatment level 6 (17% 
coverage). The other side of the face received the Deep FX mode on acne scars with 
10–20 mJ, density 2 (10% coverage), and 300 Hz followed by the Active FX mode with 
50–100 mJ, density 2 (68% coverage), 75 Hz. Three months after treatment, the mean 
grade of clinical improvement based on clinical assessment was 2.0 ± 0.5 for NAFL 
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and 2.5 ± 0.8 for AFR (p = 0.158) on a 4-point scale. On each side treated using NAFR 
and AFR, the mean duration of post-therapy crusting and scaling was 2.3 ± 2.9 and 
7.4 ± 2.4 days, respectively, and that of post-therapy erythema was 7.5 ± 5.7 and  
11.5 ± 5.2 days, respectively. The mean visual analog scale pain score was 3.9 ± 2.0 
for NAFR and 7.0 ± 2.0 for AFR. Only one patient developed PIH that spontaneously 
resolved within 2 weeks. The authors concluded that both NAFR and AFR were 
effective after a single session for acne scarring in Asian patients, but the AFR 
showed slightly greater efficacy while it caused more pain and more adverse effects.

Hedelund et al. performed a single-blinded randomized controlled trial of treatment 
of moderate-to-severe atrophic acne scars using CO2 AFR. Two facial areas of similar 
size representing similar scar morphology were compared at three and six monthly 
treatment sessions, using very conservative treatment parameters (topical anesthetic 
only and 2–3 days for healing). Statistically significant (p<0.0001) mild-to-moderate 
improvement in atrophy and texture were seen on the treated side.

Manuskiatti and colleagues reported higher incidence of PIH (92% of the subjects) 
noted after fractionated CO2 laser for treatment of acne scars in Asian skin. Thirteen 
patients with mild-to-moderate atrophic facial acne scars underwent three sessions 
with a 15-W CO2 laser (Ellipse Juvia, Ellipse A/S, Hørsholm, Denmark) on an average 
of 7-week interval. A single pass treatment was performed with pulse energies 
ranging from 75 to 105 mJ depending on the severity of the scars and density of  
49 MTZ/cm2 (9.6% coverage).  At the 6-month follow-up, 85% of patients were rated 
as having at least 25–50% improvement of scars. At 1-month follow-up, image 
analysis evaluated by a UVA-light video camera (Visioscan VC 98, Courage-Khazaka, 
Köln, Germany) revealed that both surface smoothness (p = 0.03) and scar volume 
(p<0.001) had significant improvement compared with baseline measurements. 
Mild-to-moderate PIH was experienced by 12 of 13 subjects treated and lasted  
2–16 weeks (average 5 weeks). All patients were successfully treated with 
hydroquinone 4% cream. The authors concluded that CO2 AFR is an effective and 
well-tolerated treatment for dark-skinned patients with acne scarring that showed 
improved efficacy over nonablative dermal remodeling devices. 

Fractionated resurfacing, including nonablative fractionated lasers and ablative 
fractionated lasers, represents a new treatment paradigm for acne scarring as well 
as scars overall as it combines the lesser risks of side effects such as delayed-onset 
hypopigmentation, PIH, scarring, and prolonged erythema compared with traditional 
ablative laser resurfacing with a more predictable clinical response compared with 
nonablative lasers. Another major advantage of fractional resurfacing is the 
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Figure 7.16 • (a) Severe acne scarring with numerous atrophic and boxcar scars. (b) One year after a single treatment with the Fraxel Re:Pair 
using 70 mJ and 50% density. (c) One year after second treatment with Fraxel Re:Pair using 70 mJ and 50% density.

ba c

Figure 7.15 • (a) Atrophic acne scars following a severe fl are of nodular/cystic acne. (b) One year 
following a single treatment with Fraxel Re:Pair using 60 mJ and 50% density.

a b

C R C  P R E S S C R C P R E S S . C O M



146

7 :: TREATMENT OF SCARS
RICHARD E. FITZPATRICK 

possibility to treat off-face. In the senior author’s experience, NAFR has a greater 
range in its spectrum of response than that of AFR and usually requires multiple 
treatment sessions (three to six) compared with one or two with AFR. However, the 
lack of downtime for healing and the potential of combining the two approaches 
make NAFR an interesting option. AFR has much greater ability to tighten the skin 
than NAFR devices, which correlates directly with the volume of tissue heated, or the 
depth and density of treatment. Therefore, deep tissue vaporization and coagulation 
associated with significant density of treatment correlate to better clinical outcome. 
However, it should be noted that the risk of adverse reactions with AFR is not absent, 
with a few reports of postoperative infection and scarring after AFL related to 
anatomical location as well as appropriate densities (Figures 7.15 and 7.16).

Finally, the use of this promising technology to prevent scarring postoperatively, 
particularly for cosmetic surgical procedures, should become a major area of 
concentration and success. Future studies with a longer follow-up and comparative 
efficacy of treatment parameters will result in an even greater margin of safety with 
better clinical outcomes (Figures 7.17, 7.18, 7.19).

Figure 7.17 • (a) Two weeks following suture removal after breast augmentation. (b) One month 
after two treatments at monthly intervals starting 2 weeks after suture removal. Fraxel Re:Store 
was used at 20 mJ and 20% density.

a b

C R C  P R E S S C R C P R E S S . C O M



147

7 :: TREATMENT OF SCARS
RICHARD E. FITZPATRICK 

Figure 7.18 • (a) Scar from breast augmentation 2 weeks after suture removal. (b) Fraxel Re:Store 
treatments were started 2 weeks after suture removal and repeated at 4-week intervals for four 
treatments using 30 mJ and 26% density.

Figure 7.19 • (a) Laceration secondary to fall; 3 days following injury. (b) Six months after six 
treatments with Fraxel Re:Store 20 mJ and 32% density at 2-week intervals starting 2 weeks 
after suture removal.

a
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INTRALESIONAL CORTICOSTEROIDS

IL corticosteroid injections have been the primary treatment for keloids and 
hypertrophic scars for the past 50 years. These steroids are thought to decrease 
fibroblast proliferation, decrease collagen synthesis as well as glycosaminoglycan 
synthesis and to suppress proinflammatory mediators. Corticosteroids inhibit 
collagenase by inhibiting α2-macroglobulin. If this pathway is blocked, collagenase  
is elaborated, resulting in collagen breakdown.

TAC is the corticosteroid most commonly used and was first reported in 1960. It is 
generally used in concentrations of 10–20 mg/mL, but occasionally as high as 40 mg/
mL. Injections are typically done at 3- to 4-week intervals. It is important to inject 
right into the center of the scar. Injecting too superficially can result in epidermal 
atrophy, and injecting too deep, especially subcutaneously, can result in long-lasting 
dermal/fat atrophy.

Various authors still affirm that IL corticosteroids are the treatment of choice for 
hypertrophic scars and keloids. Acknowledged side effects are pain with injection, 
atrophy, telangiectasia, and hypopigmentation at the injection site. Cushing’s 
syndrome has been reported as a complication in pediatric patients. IL triamcinolone 
is generally successful in reducing the volume of a scar. Recurrence rates of 9–50% 
have been reported with the use of IL triamcinolone. A study using 3D imaging found 
mean scar volume to reduce from 0.73 ± 0.701 mL at baseline to 0.14 ± 0.302 mL 
following monthly IL triamcinolone.

However, success has not been uniform. Muneuchi et al. (179) reported the long-term 
outcome of 94 patients with keloids treated with 1–10 mg of TAC intralesionally at 4 
weeks or longer intervals. Patients received 20–30 injections over 3–5 years. Thirty-one 
patients (33%) discontinued because of pain and lack of response. Fair or better results 
in decreasing the size of the keloid were seen in 40 patients (43%), but good or better 
results were seen in only 25 of this group of 40 responders (27%). This type of response 
is much more in line with the experience of the senior author (REF), not to mention the 
high rate of atrophy, telangiectasia, and hypopigmentation.  The rate of adverse 
reactions such as this has been around 40% as reported in two studies.

INTRALESIONAL 5-FU

Of all the various antimetabolites that have been studied for use as IL agents to treat 
keloids and hypertrophic scars, 5-FU stands out as a uniquely effective agent.

C R C  P R E S S C R C P R E S S . C O M



149

7 :: TREATMENT OF SCARS
RICHARD E. FITZPATRICK 

In 1989, the senior author (REF) began a clinical investigation of the use of IL 5-FU in 
the management of hypertrophic scars and keloids. Patients were initially treated 
with IL injections of 5-FU (50 mg/cc) in the range of 2–50 mg per treatment. Monthly 
treatment intervals were used at the onset, but this was found to be ineffective. 
Gradually, the intervals were decreased to as frequently as three times weekly until 
there was a clinical response. Once a significant response was seen, the treatment 
interval was gradually tapered to twice a week, once per week, and then once every  
2 weeks. Follow-up treatments were resumed at the first signs of an inflammatory 
response. Generally an injection interval of once weekly was successful for most 
patients, but in general the more inflamed and indurated the scar is, the more 
frequent the injection interval needed to be. Through trial and error, it was found that 
the addition of 0.1 cc Kenalog 10 mg/cc alleviated some of the pain of injection as 
well as increased the clinical efficacy. A standard treatment protocol is to combine 
0.1 cc of Kenalog 10 mg (1 mg Kenalog) with 0.9 cc 5-FU (45 mg) in the same syringe, 
making sure that the Kenalog is well dispersed in the 5-FU. The author’s initial 
9-year experience involving as many as 5000 injections in approximately 1000 scars 
was reported in 1999.

Systemic administration of 5-FU can cause anemia, leucopenia, and thrombocytopenia. 
No systemic side effects have been reported even with doses of 90 mg 5-FU or higher 
per treatment session.

In the early 1980s, 5-FU was investigated as an adjunct to glaucoma filtering surgery 
to inhibit scarring after the surgical procedure (190–193) and has become a routine 
adjuvant as the safety and efficacy were demonstrated in a long-term multicenter 
study of 5-FU in trabeculectomy surgery.

It has an inhibitory effect on TGF-β-induced type I collagen gene expression in human 
fibroblasts and subsequent collagen deposition. De Waard et al. have shown 
inhibition of fibroblast proliferation and collagen synthesis by 5-FU. In vitro studies 
have shown a dose-related reduction by 5-FU in both keloid fibroblast proliferation 
and fibroblast-populated collagen lattice. It also inhibits proliferation and 
myofibroblast differentiation in dupuytren fibroblasts in vitro. 

5-FU is an antimetabolite drug in the pyrimidine class. It interrupts both DNA and RNA 
synthesis at several levels, including the inhibition of thymidylate synthetase. This 
blocks the change of uridine to thymidine, which affects the biosynthesis of fibroblast 
DNA, which results in the inhibition of cell proliferation. 5-FU relies on thymidylate 
synthase activity to initiate apoptosis. Studies have shown pathologically low rates of 
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apoptosis among keloid scars. Bulstrode et al. have demonstrated that 5-FU selectively 
inhibits collagen synthesis. In animal studies, 5-FU has been shown to inhibit fibro-
blast proliferation and accelerate degradation of hypertrophic scar collagen.

Occleston et al. have shown that type I collagen, fibronectin, and cell migration were 
inhibited by 5-FU for 48 days. A similar time interval of the effects of a single dose of 
5-FU was demonstrated in an in vivo study by Uppal et al., which showed suppression 
of fibroblasts 4 weeks after 5-FU treatment. These studies suggest a treatment 
interval of 1 month might be appropriate. However, that has not been an effective 
treatment protocol in the author’s experience. In fact, much more frequent injections 
(1–3 times per week) have proven to be much more successful.

Based on pharmacokinetic studies, Haurani et al. report that 5-FU remains in the 
soft tissue for less than 10 days and in the bloodstream for less than 20 minutes. 
Perhaps these dynamics are more significant than the time of suppression of 
fibroblasts. It is metabolized and excreted by the kidney.

Uppal et al. conducted a study of 11 patients with keloids using a single application  
of 5-FU (25 mg/cc) for 5 minutes to the open wound following excision of keloid.  
The wound was then flushed with saline prior to suturing with 5-0 nylon sutures.  
The patient served as its own control with a second keloid excision being soaked  
with saline for 5 minutes before suturing. Clinical assessment of the scars using a 
numerical scoring system showed 50% improvement at 6 months compared with  
the control scars. Biopsies of scars at 1 month showed significant reduction (p<0.01) 
in cellular markers for cell proliferation, inflammation, and TGF-β1.

In vivo studies have shown 5-FU to have a dose-dependent toxicity to fibroblasts. A 
dose of 25 mg/cc as used in this study was considered subtoxic, but an average loss 
of 5% of cells was found in tissue culture in this study. 5-FU has been shown to halt 
cell growth at any stage of the cell, but no general toxicity was seen as wounds 
healed normally. Macrophage numbers were not altered. 

Costa et al. (208) reported 50% improvement in 85% of patients at 1 year after 
treatment with 5-FU. A recurrence rate of 4.7% was seen at 1 year.

Davison et al. performed a retrospective review of patient charts having 102 keloids 
treated from 1999 to 2006. There were 52 patients who were treated with 5-FU (37 
mg) combined with TAC (2.5 or 10 mg) in the same syringe without excision and 
4-week intervals. This group had an average of 81% reduction in lesion volume. 
Those treated using the same regimen without excision averaged 92% improvement 
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and those treated with excision followed by TAC averaged 73% improvement. 
Symptoms resolved in 93% of patients treated with 5-FU.

Apikian and Goodman demonstrated improvement in keloids in two patients treated 
with IL 5-FU.

Gupta and Kalra have shown safety and efficacy in using 5-FU as an individual agent in 
the treatment of small symptomatic keloids in 24 patients. Weekly treatments of 
50–150 mg of 5-FU were used. Symptoms resolved completely in over 70% of their 
patients and one-third had greater than 75% flattening of the treated keloid. Keloids  
≤5 years in duration had a greater tendency to flatten (55%). Kontochristopoulos et al.  
also studied 5-FU as monotherapy in 20 patients having more than 75 keloids. 
Injections of 5-FU (50 mg/cc) were performed at weekly intervals for an average of 
seven treatments. Maximum volume was 2.0 cc and average was 0.3 cc. A reduction in 
keloid volume was seen in 95% of patients, with 8 having more than 50% reduction and 
8 having greater than 75% reduction and 1 having 100%.  Recurrences were seen in 
nine patients (47%), 1–6 months after the last treatment. Keloids present for >2 years 
were more likely to recur. Biopsies before and after treatment (6 months) documented 
a diminution or elimination of collagenous fiber whorls and of thick hyalinized collagen 
bands. Ki-67, a cell proliferation marker, showed marked reduction (p = 0.0001). Liver 
function tests, renal function tests, and CBC were normal before and after treatment.

Manuskiatti and Fitzpatrick studied the response of hypertrophic sternotomy scars to 
IL corticosteroids, IL 5-FU, and flashlamp-pumped PDL treatments. They found all 
three treatments to be roughly equivalent in efficacy, but that corticosteroids had a 
much higher incidence of long-term sequelae (atrophy, telangiectasia, and 
hypopigmentation), that is, 40% versus 0%. The combined use of 5-FU with the 
V-beam Per- fecta and the Fraxel Re:Store has become standard therapy for scars in 
the practice of the senior author (Figure 7.20).

Nanda and Reddy reported a prospective uncontrolled trial of IL  5-FU (50 mg/cc) given 
at weekly intervals for 12 weeks (0.5–2 cc per treatment) and then having follow-up 
after an additional 24 weeks.  Twenty-eight patients having 1–6 keloids were treated. 
Lesions ranged from 2 to 15 cm in size and 6 months to 15 years in duration. Eight 
patients had previously failed to respond to IL TAC 40 mg/cc every 3 weeks. All patients 
responded to treatment, with 71% having good response (>50% improvement) and 7% 
having excellent response (>75% improvement). Flattening of the keloid and peripheral 
regression were noted in all lesions. They noted no difference in response of older 
keloids (15 years) and younger lesions (6 months). Total and differential leukocyte 
counts were normal at baseline, 12 weeks, and 24 weeks.

Figure 7.20 
(a) Hypertrophic scar following breast 
augmentation. (b) Complete fl attening and 
softening of the scar has been achieved by 
the simultaneous use of intralesional 5-FU, 
the V-beam Perfecta, and the Fraxel 
Re:Store.

a

b
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Asilian et al. performed a 12-week single-blinded clinical trial in which 69 patients 
with hypertrophic scars or keloids were assigned to one of three groups. A single 
lesion >10 mm in length was treated in each patient. All patients had CBC, liver, and 
renal function tests at baseline and 12 weeks—these were all normal. In Group 1,  
IL TAC (10 mg/cc) was injected at weekly intervals for 8 weeks. In Group 2, TAC plus 
5-FU (0.1 cc of 40 mg/cc TAC added to 0.9 cc of 5-FU 50 mg/cc) was injected weekly 
for 8 weeks. Group 3 had TAC plus 5-FU as in Group 2, but also added 585-nm pulsed 
dye laser (5–7.5 J/cm2) at weeks 1, 4, and 8. Improvement was evaluated regarding 
length, width, height of scars, erythema (visual scale), pliability (5-point scale 
regarding induration), itching (4-point scale), and patient self-assessment and overall 
improvement graded by photos. Improvement in all areas was seen in each Group, 
but TAC + 5-FU as well as TAC + 5-FU + PDL showed greater improvement than TAC 
alone (p<0.05). Patient self-assessment regarding >50% improvement was 20% in 
Group 1, 55% in Group 2, and 75% in Group 3. Blinded observers rated >50% 
improvement as 15% in Group 1, 40% in Group 2, 70% in Group 3. Atrophy and 
telangiectasia were seen in 37% of those treated with TAC alone, that is, Group 1. 

Darougheh et al. studied 40 patients with keloids in a randomized double-blind 
clinical trial. Group 1 received TAC 10 mg/cc intralesionally, weekly for 8 weeks. 
Group 2 received 0.1 cc of TAC 4 mg mixed with 0.9 cc 5-FU 45 mg weekly for 8 
weeks. Greater than 50% improvement at 12 weeks was reported in 20% of Group 1 
and 55% of Group 2, while trained graders scored 15% in Group 1 and 40% of Group 2 
as having >50% improvement. Liver and renal function tests as well as CBC were 
normal before and after 12 weeks.

Goldan et al. reported successful treatment of hypertrophic scars occurring after 
facial dermabrasion in a 67-year-old woman. The scars were very painful and pruritic 
and involved the nasolabial folds and chin. Treatment with IL steroids was not 
successful. She received six treatments of IL 5-FU (50 mg/cc) at 2-week intervals. 
There was marked improvement in size, color, and texture of the scars as well as 
total elimination of her symptoms of pain and itching. Seven months after treatment 
all scars remained stable.

Mutalik and Patwardhan reported a series of 24 patients with keloids that were 
treated with IL 5-FU (50 mg/cc) at 4-week intervals. Sixteen patients (67%) showed 
complete flattening of their keloids after an average of four treatment sessions. 
Twelve of these patients (75%) had no recurrence after 1 year. Some patients also had 
additional injections of triamcinolone 40 mg/cc, but no further information is provided 
except that two patients developed post-steroid hypopigmentation.
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A prospective study of treatment of keloids and hyper- trophic scars with IL 5-FU 
following excision of keloids and hypertrophic scars without excision revealed a  
19% recurrence rate of keloids and a 50% median decrease in scar volume in 
hypertrophic scars.

Haurani et al. performed a prospective case series study of 32 patients with keloids 
and 21 patients with hypertrophic scars, all of whom had failed to respond to IL 
steroid therapy. Those with keloids were treated with excision followed 2 weeks later 
with IL 5-FU (50 mg/cc). This was repeated at monthly intervals for 10 treatments 
with a follow-up of 1 year after the 10th treatment. Hypertrophic scars were treated 
with IL 5-FU (50 mg/cc) at monthly intervals without excision. A maximum dose of 50 
mg per treatment was used. In the keloid group, the measured volume of the lesion 
after excision remained stable with only a 0.06 cm3 increase in volume at the 1-year 
follow-up. Six patients were noted to have recurrence of scar growth (19%). In 
addition, 90% of patients had partial or complete relief of symptoms of pruritus or 
pain. In the hypertrophic scar group 86% had improvement in symptoms and a 40% 
reduction in scar volume after the 1-year follow-up.

A double-blind randomized clinical study of 50 patients with keloids (2–6 cm in size 
and 2–5 years in duration) involved two groups of 25 patients. In each group, keloids 
were excised, followed by application of silicon sheets for 6–12 months. The study 
group also received IL 5-FU (50 mg/cc) at days 7, 14, and 28 and at 2 and 3 months 
postoperatively. At 1 year, the study group showed 18 (75%) were keloid free and five 
(21%) had improvement in size, thickness, and texture. In the control group, 10 (43%) 
were keloid free, 8 (35%) had improvement, and 7 (22%) failed to respond.

Katz et al. report a successful treatment of perioral scarring following phenol peel in a 
75-year-old woman, using 595-nm PDL, 1450-nm diode laser in combination with 5-FU 
(45 mg/cc), and triamcinolone (0.1 cc of Kenalog 10 mg/cc) mixed in the same syringe. 
Treatments were performed at 1- to 2-month intervals with a total of 10 treatments over 
1 year. After 1 month, greater than 25% improvement was noted; after five treatments, 
90% improvement was noted; and after 2.5 years, the noted improvement persisted.

In a review of medical evidence levels, A, B, and C, Gupta and Sharma conclude  
that IL 5-FU is considered a safe and effective treatment of keloids and hypertrophic 
scars when used alone or in combination with IL steroids and surgical excision 
(Figures 7.21 and 7.22).

Three publications from China reported the clinical success of low-dose (<10 mg/cc) 
IL 5-FU. Two publications were published in the Chinese literature.  The first article 
reported 35 patients with 51 keloids treated with 5-FU (2–5 mg/cc) biweekly followed 

Figure 7.21 
(a) Hypertrophic scar of deltoid area.  
(b) Flattening of scar is seen after 
treatment with intralesional 5-FU (45 mg/
cc) and triamcinolone (1 mg/cc) performed 
at 1- to 4-week intervals. Average volume 
injected was 0.2 cc and there were a total of 
10 treatment sessions.

a

b
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after 3–6 injections with IL steroid. After 6 months, 45.7% had complete remission, 
48.6 had a great remission, and 2.9% had partial remission—a 97% response rate.

The second article reported 83 patients with bilateral ear keloids. The keloids were 
excised and then treated with IL low-dose 5-FU (not defined) and corticosteroid (not 
defined) every 3–4 weeks. The mean treatment time was 7 months and the mean 
follow-up after treatment was 9 months. There was a 100% response rate, with 47% 
having complete resolution and 53% having “effective” response.

The third study is a case report of a 53-year-old woman with a 28-year history of a 
chest keloid having 4+ pain, 4+ itching, 4+ erythema, and 2+ induration and 
measuring 10 cm × 7 cm × 0.3 cm thickness. The lesion had failed steroid therapy 
and cryotherapy. IL 5-FU was used in dosages of 3.45–1.42 mg/cc given at 2-week 
intervals. TAC was also used intralesionally at doses of 8.3–3.77 mg/cc. Fourteen 
months after treatment, there was dramatic improvement in the scar that had 
regressed to normal looking skin and was asymptomatic.

As a consequence of the success of these low-dose studies and publications in the 
Chinese literature, Huang et al. from Hong Kong proposed to alter the focus from cell 
destruction to the promotion of apoptosis and inhibition of fibroblast proliferation 
with 5-FU. They studied the cellular response of keloid fibroblasts at a range of doses 
as low as 1 mg/cc. At a dose of 25 mg/cc, there was complete inhibition of cell 
proliferation and 80% cell mortality. In contrast, lower doses (1–10 mg/cc) induced 

Figure 7.22 • (a) Hypertrophic scarring developed following dermabrasion of the upper lip. 
(b) Complete resolution of hypertrophic scarring was seen after treatment with 
intralesional 5-FU (45 mg/cc) and triamcinolone (1 mg/cc) in conjunction with treatment 
of wrinkling with Fraxel Re:Pair.

a b
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significant inhibition of proliferation and cell apoptosis in a dose-dependent fashion 
but did not cause immediate cell death. They found that 5-FU causes G2/M cell cycle 
arrest and induces dramatic p53 and p21 accumulation together with a decrease in 
cyclin B1 and Bcl-2 levels. Both p53 and p21 are associated with cellular apoptosis.

After reading these studies, the senior author has treated a small number of scars 
with low dose 5-FU (5 mg/cc) successfully (Figure 7.23).

CONCLUSION

The treatment of scarring is very complex and cannot be accomplished successfully by the 
use of a single modality. It is a constant reality that each case must be analyzed carefully 
and a specific approach is developed for that individual and for each scar treated.

The availability of various vascular lasers, such as the V-beam Perfecta, has definitely 
enhanced our ability to successfully treat scars, particularly those with significant 
erythema. In a similar fashion, the advent of fractional lasers, such as the Fraxel lasers, 
has added a new dimension to the treatment of scars using both NAFR and AFR.

As far as dyspigmentation is concerned, the use of pigment lasers such as the 
alexandrite laser to remove excessive pigment and the use of the bimatoprost to 
stimulate pigment in areas of hypopigmentation give us greater control over these issues.

There are numerous studies documenting the superiority of IL 5-FU over 

Figure 7.23 • (a) Hypertrophic scarring of the left cheek following dermabrasion.  
(b) Flattening of the hypertrophic scars is seen after 12 treatments with intralesional 5-FU 
(5 mg/cc) performed at 1- to 4-week intervals.

a b
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corticosteroids in the treatment of hypertrophic scarring and keloids. Greater efficacy 
and dramatically lower incidence of side effects have been seen. It is hoped that the use 
of this drug in both prevention and treatment of scars becomes more widespread.

By combining these modalities for use simultaneously, we can achieve tremendous 
success (Figures 7.24 and 7.25).

Early intervention has also been found to be critical and has the potential to prevent 
scarring when done properly. The optimum time for treatment has not been firmly 
established, but various studies as well as the clinical experience of the senior author are 
convincing that the earlier the better. It appears clear that treatment at the first signs of 
potential hypertrophic scarring is critical in preventing and minimizing scarring.

Figure 7.24 • (a) Widespread disfi guring hypertrophic scars developed following a Portrait 
plasma procedure during which the skin was overheated. (b) Complete resolution of the 
hypertrophic nature of the scars has been achieved through the use of intralesional 5-FU, 
the V-beam Perfecta and Fraxel Re:Store.

Figure 7.25  > 
(a) Full-thickness ulceration and deep erosions are seen following trichloroacetic acid 
peeling that penetrated too deeply. (b) Treatment was initially begun with oral antibiotics 
and ultrathin Duoderm. Once the ulcerations had healed, intralesional 5-FU (45 mg/cc) 
and triamcinolone (1 mg/cc) were used to control hypertrophic scars that developed. The 
V-beam Perfecta and Fraxel Re:Store were used to normalize the scar tissue.

a b
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