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1
Classification of Acne Scars: Clinical 
and Instrumental Evaluation

Giuseppe Micali, Francesco Lacarrubba, and Aurora Tedeschi

Introduction

Scar is de�ned as “the �brous tissue that replaces normal tissue destroyed by injury or disease” [1]. 
Causes of acne scar formation can be broadly categorized as the result of increased tissue formation or, 
more commonly, loss or damage of local tissue [2]. Clinical manifestations of acne scars and severity of 
scarring are generally related to the degree of in�ammatory reaction, to tissue damage, and to time lapsed 
since the onset of tissue in�ammation [3,4].

Clinical Classifications of Acne Scars

There have been several attempts to classify acne scars in order to standardize severity assessments and 
treatment modalities [3,4]. However, consensus concerning acne scar nomenclature and classi�cation is 
still lacking, even among acne experts [3,5].

In 1987, Ellis and Mitchell proposed an acne scar classi�cation system and �rst utilized the descriptive 
terms ice pick, crater, undulation, tunnel, shallow-type, and hypertrophic scars [6]. Langdon, in 1999, 
distinguished three types of acne scars: type 1—shallow scars that are small in diameter; type 2—ice 
pick scars; type 3—distensible scars [7]. Lately, in 2000, Goodman proposed that atrophic acne scars 
may be divided into super�cial macular, deeper dermal, perifollicular scarring, and fat atrophy based on 
pathophysiologic features [8].

According to the grading system proposed by Jacob et al., acne scars may be clinically classi�ed as 
atrophic or hypertrophic [9]. Atrophic scars are subclassi�ed into three basic types depending on width, 
depth, and three-dimensional architecture:

•	 Ice pick scars: Narrow (diameter <2 mm), deep, sharply marginated, and depressed tracks that 
extend vertically to the deep dermis or subcutaneous tissue.

•	 Boxcar scars: Round to oval depressions with sharply demarcated vertical edges. They are wider at 
the surface than ice pick scars and do not taper to a point at the base. These scars may be shallow 
(0.1–0.5 mm) or deep (≥0.5 mm) and the diameter may vary from 1.5 to 4.0 mm.

KEY FEATURES

•	 Several classi�cations of acne scars have been proposed but a consensus is still lacking.
•	 A standard method for evaluation of scar depth represents an unmet need and is essential 

for therapeutic and prognostic purposes.
•	 Non-invasive instrumental techniques such as high-frequency ultrasound and three-

dimensional digital photography may help for a more accurate and reproducible evaluation 
and classi�cation of acne scars.
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•	 Rolling scars: Occur from dermal tethering of otherwise relatively normal-appearing skin and 
are usually wider than 4–5 mm in diameter. An abnormal �brous anchoring of the dermis to 
the subcutis leads to super�cial shadowing and to a rolling or undulating appearance of the 
overlying skin.

Other clinical entities included in this classi�cation are hypertrophic scars, keloidal scars, and sinus 
tracts [9]. Both hypertrophic and keloidal scars result from an abnormal excessive tissue repair: clinically, 
hypertrophic scars are raised within the limits of primary lesion, whereas keloidal scars transgress this 
boundary and may show prolonged and continuous growth [10]. Sinus tracts may appear as grouped open 
comedones histologically showing a number of interconnecting keratinized channels [8].

Another classi�cation is that proposed by Kadunc and de Almeida in 2003 [3]. Acne scars in this system 
are classi�ed as elevated, dystrophic, or depressed. Other parameters include shape, consistency, color, 
and distensibility. This classi�cation system may also serve to assess the ef�cacy of various therapeutic 
options based on acne scar types [3]. Kadunc’s classi�cation is summarized in Table 1.1.

In 2006, Goodman and Baron proposed a qualitative grading system that differentiates four grades 
according to scar severity (Table 1.2): grade I corresponds to macular involvement (including erythematous, 
hyperpigmented or hypopigmented scars), while grades II, III, and IV correspond, respectively, to mild, 
moderate, and severe atrophic, and hypertrophic lesions [11]. Interestingly, the authors consider lesion 
severity also according to visibility at a social distance (≥50 cm). Moreover, since patients may present 
various types of acne scars at numerous anatomic sites (i.e., one cheek, the neck, the chest, etc; these single 
areas are de�ned by the authors as “cosmetic units”), scars are further subdivided into four grades of 
severity by anatomic sites involved: localized disease (up to three involved areas) is classi�ed as A (focal, 
one cosmetic unit involvement) or B (discrete, two to three cosmetic units), whereas the involvement of 
more cosmetic units is classi�ed as generalized disease, previously described in Table 1.2. The same 
authors also suggested a quantitative numeric grading system based on lesion counting (1–10, 11–20, 
>20), scar type (atrophic, macular, boxcar, hypertrophic, keloidal), and severity (mild, moderate, severe). 
Final scoring depended on the addition of points assigned to each respective category and re�ected 
disease severity, ranging from a minimum of 0 to a maximum of 84 (Table 1.3) [12].

TABLE 1.1

Kadunc and de Almeida’s Morphologic Classi�cation of Acne Scars

Scars Types Clinical Description

1. Elevated

  1a. Hypertrophic Hypertrophic lesions raised above the skin surface and limited to the original 
injured area

  1b. Keloidal Usually found in patients with genetic predisposition; their dimensions 
exceed the initial injured tissue

  1c. Papular Soft elevations, like anetodermas, frequently observed on the trunk and chin 
area

  1d. Bridges Fibrous strings over healthy skin

2. Dystrophic Irregular or star-like scar shapes with a white and atrophic �oor

3. Depressed

  3a.1. Distensible retractions Scars attached only by their central area after skin distension

  3a.2. Distensible undulations (valleys) Lesion that does not completely disappear after skin distension

  3b.1. Nondistensible super�cial Shallow, dish-like defects

  3b.2. Nondistensible medium Crater-like, with a scar base that is relatively smooth, has normal color and 
texture, and has a wide diameter

  3b.3. Nondistensible deep Narrow and �brotic scars, ice pick or pitted scars with sharp shoulders 
perpendicular to the skin surface that may appear as epithelial invaginations 
sometimes reaching the subcutaneous layer

  3b.4. Tunnels Two or more ice pick scars connected by epithelialized tracts

Source:	 Data from Kadunc BV and Trindade de Almeida AD. Dermatol Surg. 2003;29:1200–9.
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TABLE 1.2

Goodman and Baron’s Qualitative Global Scarring Grading System

Grade Level of Disease Clinical Features Examples of Scars

1 Macular •	 Erythematous, hyper- or hypopigmented �at 
marks

•	 Visible to patient or observer irrespective of 
distance

•	 Erythematous �at marks
•	 Hyperpigmented �at marks
•	 Hypopigmented �at marks

2 Mild •	 Mild atrophy or hypertrophy
•	 May not be obvious at social distances of 

50 cm or greater
•	 May be covered adequately by make-up; the 

normal shadow of shaved beard hair in males, 
or normal body hair if extrafacial

•	 Rolling
•	 Small soft papular

3 Moderate •	 Moderate atrophy or hypertrophy
•	 Obvious at social distances of 50 cm or 

greater
•	 Not covered easily by make-up, the normal 

shadow of shaved beard hair in males, or 
body hair if extrafacial

•	 Able to be �attened by manual stretching of 
the skin

•	 More signi�cant rolling
•	 Shallow boxcar
•	 Mild-to-moderate hypertrophic or 

papular scars

4 Severe •	 Severe atrophic or hypertrophic scarring
•	 Obvious at social distances of 50 cm or 

greater
•	 Not covered easily by make-up, the normal 

shadow of shaved beard hair in males, or 
body hair if extrafacial

•	 Not able to be �attened by manual stretching 
of the skin

•	 Punched out atrophic (deep boxcar)
•	 Ice-pick
•	 Bridges and tunnels
•	 Gross atrophy
•	 Dystrophic scars
•	 Signi�cant hypertrophy
•	 Keloid

Source:	 From Goodman GJ and Baron JA. Dermatol Surg. 2006;32:1458–66, with permission.

TABLE 1.3

Goodman and Baron’s Quantitative Global Acne Scarring Grading System

Grade/Type
Grade 1 

(1–10 lesions)
Grade 2 

(11–20 lesions)
Grade 3 

(>20 lesions)

A) Milder scarring (1 point each) 1 point 2 points 3 points

Macular erythematous or pigmented
Mildly atrophic dish-like

B) �Moderate scarring (2 points each) 2 points 4 points 6 points

Moderately atrophic dish-like
Punched out with shallow bases, small scars (<5 mm)
Shallow but broad atrophic areas

C) Severe scarring (3 points each) 3 points 6 points 9 points

Punched out with deep but normal bases, small scars (<5 mm)
Punched out with deep abnormal bases, small scars (<5 mm)
Linear or troughed dermal scarring
Deep, broad atrophic areas

D) Hyperplastic

Papular scars
Keloidal/hypertrophic scars

2 points
Area <5 cm2

6 points

4 points
Area 5–20 cm2

12 points

6 points
Area >20 cm2

18 points

Source:	 From Goodman GJ and Baron JA. J Cosmet Dermatol. 2006;5:48–52, with permission.
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According to the ECCA (échelle d’évaluation clinique des cicatrices d’acné) grading scale of Dreno  
et al. in 2007, morphological aspects of lesions de�ne the type of scars as follows: atrophic scars (V-shaped, 
U-shaped, and M-shaped), super�cial elastolysis, hypertrophic in�ammatory scars (<2 years since onset), 
and keloid and hypertrophic scars (>2 years since onset). Each scar type is associated with a quantitative 
score (0, 1, 2, or 3 depending on the number of lesions) multiplied by a weighting factor that varies 
according to severity, evolution, and morphological aspect. The �nal global score is directly correlated with 
clinical severity and ranges from 0 to 540, depending on the type and number of acne scars [4].

In 2010, another acne scar severity score (SCAR-S) was proposed (Table 1.4). It was based on a six-point 
scale: 0 = clear (no visible scars from acne); 1 = almost clear (hardly visible scars from 2.5 m away); 
2 = mild (easily recognizable, less than half the affected area [e.g., face, back, or chest] is involved); 
3 = moderate (more than half the affected area [e.g., face, back, or chest] is involved); 4 = severe (entire area 
involved); 5 = very severe (entire area with prominent atrophic or hypertrophic scars) [13]. This scale was 
independently applied to the face, chest, and back, and �nally a composite scar score (overall SCAR-S) was 
computed for each patient by summation of the three regional scar scores (range 0–15). Similar to previous 
scales, it is inclusive of both atrophic and hypertrophic scar, but it does not involve acne scar counting [13].

A recent study evaluating classi�cation of atrophic acne scars by shape, size, and location that aimed 
to establish reliability in assessments by different dermatologists, has shown that shape-based evaluations 
of acne scars are subjective and do not readily yield strong agreement [14]. For this reason, the authors 
suggested a new, simpler classi�cation system of atrophic acne scars based only on their size: <2, 2–4, 
and >4 mm, affecting diagnostic and therapeutic choices [14].

Finally, some authors have proposed adding an additional type of acne scar to the existing classi�cation 
schemes: the papular scar [15,16]. They are 2–4-mm wide soft, skin-colored papules affecting most 
commonly the chin and nose, which can be misdiagnosed as closed comedones, in�ammatory acne, and 
granulomas, thus leading to a delay in the appropriate treatment [15,16].

Instrumental Evaluation of Acne Scars

An accurate evaluation and classi�cation of acne scars is crucial for the selection of the optimal therapeutic 
approach. Histopathologic examination, which may most precisely depict scar morphology, is not feasible 
in routine clinical practice, and non-invasive instrumental techniques could be useful for this purpose.

High-frequency ultrasound (≥20 MHz) represents a technique long used in clinical and experimental 
dermatology [17]. In a study aimed at assessing and correlating clinical and ultrasound morphologic 
features of acne scars, 81 lesions (atrophic and/or hypertrophic scars, according to the classi�cation of 
Jacob et al. [9]) from 41 patients were evaluated [18]. Digital clinical images of each patient’s face (full 
front, left, and right views) were obtained by VISIA-CR Complexion Analysis System (Can�eld Imaging 
Systems, Fair�eld, NJ, USA). Cross-sectional B-mode scans were obtained using a 22-MHz ultrasound 
system (maximal axial resolution: 72 µm, depth of penetration: 8 mm, scan width: 12.8 mm linear).

At the end of the study, scarring lesions were clinically classi�ed as boxcar (n = 32), rolling (n = 24), 
ice pick (n = 16), keloidal (n = 6), and hypertrophic (n = 3).

TABLE 1.4

Acne Scar Severity Score (SCAR-S), to be Independently Applied to the Face, Chest, and Back;  
the Overall Scar Score is the Sum of Scores from Each of these Three Sites

Category Score Description

Clear 0 No visible scars from acne
Almost clear 1 Hardly visible scars from 2.5 m away
Mild 2 Easily recognizable; less than half the affected area (e.g., face, back, or chest) is involved
Moderate 3 More than half the affected area (e.g., face, back, or chest) is involved
Severe 4 Entire area is involved
Very severe 5 Entire area with prominent atrophic or hypertrophic scars

Source:	 From Tan JK et al. J Cutan Med Surg. 2010;14:156–60, with permission.
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Ultrasound examination allowed a more precise evaluation of scar morphology. In particular:

•	 Atrophic scars: Appeared as invaginations of the skin in which all skin layers were normally 
represented:

	 a.	 Ice pick scars: Uniformly had a sharp, demarcated, V-shaped appearance; they were 
characterized by a narrow diameter at the surface (usually <2 mm) and a vertical extension 
that reached a depth corresponding to the deep dermis (Figure 1.1). 

	 b.	 Boxcar scars: Uniformly presented with a sharp, demarcated, U-shaped aspect; they were 
characterized by a super�cial diameter usually ranging from 2 to 4 mm and a vertical 
extension that reached a depth corresponding to the super�cial or deep dermis (Figure 1.2). 

	 c.	 Rolling scars: Appeared as poorly demarcated depressions of the skin or “waves” of the 
epidermal layer that were dif�cult to evaluate due to the ultrasound probe-induced spread 
compression, which hampers sample size measurement. (Figure 1.3). 

•	 Hypertrophic and keloidal scars: Uniformly appeared as dome-shaped areas of increased skin 
thickness (Figures 1.4 and 1.5); the dermis usually was less echogenic than normal skin. In 
most cases, with the 22-MHz probe, keloidal scars were not entirely visualized with the probe 
due to their large size.

In general, ultrasound results correlated well with clinical features, as expected. However, half of 
clinically designated ice pick lesions (eight out of 16) were more precisely categorized as boxcar lesions 
upon ultrasound examination. Moreover, this technique allowed precise width and depth measurements 
that were useful for therapeutic purposes [18].

Another promising non-invasive technique that could be used for the objective evaluation of acne 
scars is represented by the three-dimensional digital photography (Figure 1.6). In a recent study, the 
results obtained with a facial modelling device allowing quantitative computer-generated volumetric 
measurements (Clarity 3D Research Ti System, BrighTex Bio-Photonics, San Jose, CA, USA) [19] have 

(a) (b)

(c)

(d)

FIGURE 1.1  Ice pick scar: (a,b) clinical and (c) ultrasound appearance; (d) cross-sectional pro�le.
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(a) (b)

(c)

(d)

FIGURE 1.2  Boxcar scar: (a,b) clinical and (c) ultrasound appearance; (d) cross-sectional pro�le.

(a) (b)

(d)

(c)

FIGURE 1.3  Rolling scar: (a,b) clinical and (c) ultrasound appearance; (d) cross-sectional pro�le.
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(a) (b)

FIGURE 1.4  Hypertrophic scar: (a) clinical and (b) ultrasound appearance.

(a) (b)

FIGURE 1.5  Keloidal scar: (a) clinical and (b) ultrasound appearance.

(a) (b)

FIGURE 1.6  (a) Three-dimensional capture of an area of the face presenting with several atrophic scars. (b) The same area 
after digital processing showing colored zones corresponding to different scars depth from red (super�cial) to blue (deep).
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been compared with direct evaluation of Goodman and Baron scores by board-certi�ed dermatologists, 
resulting in a statistically signi�cant linear correlation, suggesting that facial imaging may help quantify 
post-acne scarring [19]. However, these preliminary results should be further con�rmed by other studies.

Conclusions

There is still a lack of consensus in the literature regarding acne scar nomenclature and classi�cation. 
A major problem is represented by the pleomorphic appearance of these lesions that may cause variable 
interpretation at clinical examination. A standard method for evaluation of scar depth represents an unmet 
need and is essential for therapeutic and prognostic purposes. The use of new technologies for objective 
and reproducible analysis of acne scars, such as ultrasound and digital photography, may help for a more 
accurate evaluation and classi�cation and for high-quality research.
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2
Pathophysiology of Acne Scars

Enzo Berardesca, Maria Mariano, and Norma Cameli

Introduction

Acne is a very common skin disease affecting 90% of 16–17-year-old boys and 80% of 16–17-year-old 
girls. Acne recovers in the majority of cases after 25 years of age but in approximately 1% of males and 
5% of females it persists until the age of 40 [1–4]. Acne is neither a primary disease of the sebaceous 
gland or a bacterial infection. It is instead best viewed as an abnormal hyperkeratinization of the follicular 
epithelium [5,6] with secondary effects on the sebaceous glands due to the effects of Propionibacterium 
acnes and the cellular immunity of the host.

Scarring occurs early in acne and may affect some 95% of patients with this disease. It relates to both 
its severity and delay before treatment. All types of acne, from papulopustular through to nodulocystic 
disease may scar and adequate treatment must be started early.

The Role of Inflammation

Scarring indeed occurs as a consequence of deep in�ammation. In�ammation in acne is a two-stage process, 
with lymphocytes and neutrophils affecting the attenuated follicular wall of the closed comedone and, if 
this wall is breached, the extravasation of irritating follicular contents into the dermis leads to a variety 
of lesions [7]. The search for the cause of the breach of the follicular wall has been a long one. Initially it 
was blamed on the free fatty acids from hydrolysis of sebaceous gland triglycerides courtesy of the lipases 
liberated by P. acnes. These irritating substances are hypothesized to allow penetration of the follicular 
wall. It is, however, doubtful that physiologically there is enough production of free fatty acids to exert this 
in�ammatory effect [8,9]. Moreover, P. acnes is important in generating in�ammation, with the ability 
to chemoattract polymorphonuclear leukocytes by the liberation of a low molecular weight chemotactic 
substance [10] that can diffuse through intact follicular walls and be responsible for the intrafollicular 
location of leucocytes. The neutrophils neutralize the P. acnes with the release of intracellular hydrolytic 
enzymes, but do not appear to kill the bacteria [11]. There have also been antibodies found to P. acnes in 
microcomedones and interaction with these antibodies may liberate hydrolytic proteases that weaken the 
follicular wall and allow extrusion of irritating intrafollicular contents into the dermis [7].

Hairs, lipids, keratin, and bacteria induce a foreign body in�ammation as they enter the dermis from 
the disrupted follicle. Degradation of bacteria and other structures occur but with incomplete intracellular 
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digestion and destruction. As a consequence, neutrophils release enzymes and pro-in�ammatory factors 
into the extracellular dermal environment. The released substances activate both classic and alternative 
complement pathways, including when C5a neutrophil chemotactic factor recruits more neutrophils to 
amplify the in�ammatory response [13]. The severity of in�ammation in acne has been correlated to the 
level of P. acnes antibodies [14]. Those unfortunate patients with severe in�ammatory acne appear to 
have elevated indices of lymphocyte transformation to P. acnes antigens, abnormal neutrophil chemotaxis 
and phagocytosis, and excess activation of macrophages. There is considerable evidence against P. acnes 
causing actual dermal infection, as they tend to perish rapidly in human tissue. It also seems to be 
unimportant whether the organisms are alive or dead in terms of their ability to incite an in�ammatory 
response. Thus, the role of P. acnes is to incite the breach in the follicular wall and to be part of the 
chemotactic and pro-in�ammatory cascade that follows [7].

Innate Immunity and Inflammation

Innate immunity seems to play a role in acne scars. In a recent study [15], two different pro�les of innate 
immunity of the epidermis between acne patients prone to scars or not have been identi�ed. The absence 
of the development of scars is associated (both in normal and in�ammatory skin) with a low expression in 
epidermis/super�cial dermis of pro-in�ammatory markers (toll-like receptor 4 [TLR4], IL-2), remodeling 
markers (TIMP-2, cJUN), and the immunosuppressive cytokine (IL-10). The expression of IL-2 (a pro-
in�ammatory cytokine), two remodeling factors (TIMP-2, cJUN), and IL-10 was higher in the acne 
in�ammatory lesions evolving towards atrophic scars than in acne in�ammatory lesions not developing 
scars. Identi�cation of these different levels of expression of in�ammatory markers implicated in the early 
phase of development of healing in patients prone to scars con�rms the data that shows that excessive 
in�ammation in healing tissue of the dermis leads to scarring [16].

The activation of keratinocytes is also an early event in the cascade of in�ammation that precedes 
dermal in�ammation. The keratinocytes in acne are activated as soon as the microbiome is modi�ed 
by P. acnes [17]. In particular, toll-like receptors trigger the production of in�ammatory cytokines such 
as IL-8, TNF-α, and IL-12 that diffuse from the epidermis to follicles in the dermis, increasing local 
in�ammation in the deep dermis with a rupture of follicle [18].

In addition, expression of the in�ammatory cytokine IL-2, which characterizes a Th1 (CD4) immune 
response, is signi�cantly overexpressed in both the epidermis/super�cial dermis of apparently normal 
skin and in acne papules of patients prone to scars compared with patients not prone to scars [15]. 
Furthermore, IL-2 expression is signi�cantly higher both in clinically normal skin and in the in�ammatory 
skin of patients developing scars. This cytokine helps persistent chronic activation of innate immunity 
by maintaining the activation and proliferation of CD4+ T lymphocytes around the follicle and in the 
epidermis [19]. CD4 T-cell in�ltration is greater around the follicle in acne patients with scars than without 
scars [16]. High IL-10 levels in the apparently normal skin of acne patients prone to scars compared with 
patients not prone to scars have also been reported [15]. A high expression of IL-10 could encourage 
the development of chronic in�ammation maintained by the presence of P. acnes, speci�cally resistant 
P. acnes strains [20].

Concerning the remodeling markers, cJUN and AP-1 expression is weaker both in clinically normal 
skin and in papules of patients not prone to scars as con�rmed in different studies [15,21]. These results 
con�rm that, even in the epidermis, AP-1 activation is higher in prone to scars (PS) patients.

Metalloproteinases (MMPs) and their inhibitors (TIMPs) determine the architecture of the extracellular 
matrix. Modulation of the TIMP/MMP ratio is strictly important in healing by controlling collagen 
production and metabolism. MMP-9 has been reported to be increased in papules compared with 
apparently normal skin in patients prone to scars [15]. In conclusion, clinically normal epidermis of acne 
patients prone to scars is associated with a pro�le of activation of innate immunity that is different from 
patients not prone to scars. This pro�le is characterized by an increase in TLR2, IL-2, cJUN, TIMP-2, 
MMP-9, and IL-10 expressions. Interestingly, this protein pro�le affected two crucial ratios involved in 
scar development: one was control of in�ammation duration (IL-10/IL-2) and the other one was healing 
remodeling (MMP-9/TIMP-2).
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Other factors such as platelets may play an important role. Platelets have primary importance in wound 
healing and activated platelets can also interact with microbes and immune cells. Human platelets express 
a range of bacterial recognition receptors such as TLR4. Activation of TLR4 on a platelet’s surface leads 
to the production of cytokines and chemokines, recruitment of neutrophils, bacterial degradation as well 
as adaptive immunity activation and stimulation of immune-mediated in�ammatory reaction [22,23]. 
P. acnes infection may lead to the activation of platelets. The activated platelets recruit MMPs to the site 
of acne lesion initiation and lead to wound healing accompanied with scarring. Increased level of platelet 
activation marker PF4 in patients with severe acne suggests the importance of platelets in abnormal 
healing and scar formation [24].

Scar Formation

Collagen and other tissue damage from the in�ammation of acne leads to permanent skin texture changes 
and �brosis. The type of immune response of patients predisposed to scar may be different from those 
who do not scar [15,16]. It has been reported that in in�amed lesions of known duration the number 
of CD4+ T cells present in lesions from scarrers was approximately half those found in lesions of 
non-scarrers [24]. However, a high percentage of these cells were skin homing memory/effector cells, 
suggesting that patients who scar were sensitive to the causative antigen(s). In lesions of >6 hours to 
48 hours the numbers of macrophages, blood vessels, and vascular adhesion molecules were high and 
comparable in scarrers and non-scarrers, while the numbers of Langerhans cells and the level of cellular 
activation was low in lesions from scarrers, indicative of an ineffective response to the causal antigen(s). 
However, in resolving lesions from scarrers there was an upregulation of the response with greater cellular 
activation and a further in�ux of macrophages and skin homing memory/effector cells [25].

Scars normally proceed through the speci�c phases of the wound-healing cascade: in�ammation, 
granulation, and remodeling. Dermal damage results in either an increase or decrease of tissue and often 
worsens in appearance with age as a result of normal skin changes. In contrast, damage limited to the 
epidermis or papillary dermis can heal without scar formation.

From an histopathological point of view, scars demonstrate thicker, abundant collagen that is stretched 
and aligned in the same plane as the epidermis. More speci�cally, hypertrophic scars have islands of dermal 
collagen �bers, small vasculature, and �broblasts throughout [26]. Scars have an incidence 5–15 times 
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FIGURE 2.1  Appearance of acne scars. (From Sánchez Viera M. Br J Dermatol. 2015;172:47–51, with permission [12].)
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higher in African Americans and 3–5 times higher in Asians compared with Caucasians. It is estimated that 
they affect between 4.5% and 16% of both the African American and Hispanic populations [27].

Acne scars can be classi�ed as: ice pick, rolling, and boxcar [12,28]. The ice pick scars are usually 
smaller in diameter (<2 mm) and deep, with the possibility of tracts to the dermis or subcutaneous 
tissue. Although the ori�ce is smaller and steep-sided, there may be a wide base that could evolve into a 
depressed, boxcar scar. Commonly these are seen on the cheeks. Depressed or boxcar scars are described 
as shallow (<0.5 mm) or deep (>0.5 mm) and are often 1.5–4 mm in diameter. They have sharply de�ned 
edges with steep, almost vertical walls. Soft rolling scars can be circular or linear, are often greater than 
4 mm in diameter, and have gently sloped edges that merge with normal-appearing skin (Figure 2.1).
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3
Topical Drugs for Prevention and 
Treatment of Acne Scars

Jonette Keri

Introduction

Acne scarring is a major concern of most acne patients. Patients come to the dermatologist looking 
for a topical medication to help with the acne scarring. Although there are many topical treatments 
for acne, there is little information about how these medications can prevent and treat acne scars, and 
scarring occurs in patients with acne about 95% of the time [1]. Atrophic acne scars represent the 
majority of acne scarring with hypertrophic and keloidal scars being much less. Evidence supports 
the topical use of retinoids, glycolic acid, and benzoyl peroxide when combined with adapalene for 
the treatment of acne scarring. Surprisingly, there are very few published reports on the use of topical 
agents for acne scarring.

In this chapter we will review the data that is available to date so that practitioners are aware of what 
is available.

Scar Formation and Mechanism of Action of Topical Agents

The scar starts with in�ammation, followed by granulation tissue formation, and then matrix remodeling 
[2]. The matrix remodeling stage is characterized by the interplay between various mediators. An imbalance 
between the ratio of matrix metalloproteinases (MMPs) to tissue inhibitors of matrix metalloproteinases 
(TIMPs), can lead to either atrophic or hypertrophic scarring [2]. Gene array analysis of acne lesions 
shows a number of upregulated genes that are involved in in�ammation and matrix remodeling including 
matrix MMPs 1 and 3, IL-8, human beta-defensin 4, and granzyme B [3]. Interest in topical treatments 
that target points along the above pathways represent possible therapeutic options. For example, it is 
known that topical retinoids can stimulate the production of procollagen by �broblasts as well as decrease 
the amount of matrix MMP 1 [4,5]. Glycolic acid is known to be keratolytic [6] and benzoyl peroxide is 
known to decrease in�ammation and thus decrease scar formation.

KEY FEATURES
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Prevention of Acne Scars

The best bet for prevention of acne scarring is to quickly and effectively treat early in�ammatory lesions. 
Topical agents are a mainstay in the treatment of in�ammatory lesions. Surprisingly, there are only a few 
references where prevention of scarring by the use of topical agents was discussed. These will be noted.

Topical Treatments for Acne Scarring

An early review of the uses of topical vitamin A suggested that keloidal or hypertrophic scars could be 
treated with some success with topical vitamin A acid [7]. However, it was years later when the �rst 
reported case of atrophic acne scarring was treated successfully with topical tretinoin cream. In this 
case report, a 25-year-old female was given tretinoin 0.05% cream to use nightly and after 4 months had 
signi�cant improvement in her acne scarring [8]. Glycolic acid cream at 15% was compared with glycolic 
acid peeling and was found not to be as effective as the peeling but did give some patients a statistically 
signi�cant partial response compared with placebo [9]. After this time, there were few papers concerning 
the use of topicals to treat acne scarring. There was some use of iontophoresis with tretinoin. In this 
setting, the tretinoin is applied and then an iontophoresis mask is placed on the face to facilitate the 
tretinoin going deeper into the skin. This procedure was done in physicians’ of�ces [10,11]. More recent 
literature uses retinoids in combination with other agents. These remaining studies will be reviewed in 
the following sections.

Retinaldehyde and Glycolic Acid

The �rst report is a double-blind, vehicle-controlled trial of 145 patients treated with 0.1% retinaldehyde/6% 
glycolic acid cream for patients with moderate acne from three European nations: France, Italy, and 
Greece [12]. The patients were treated for 3 months and were assessed for a number of factors including 
a global acne scarring score. Although there was improvement in both the vehicle group and the active 
ingredient group, there was a trend towards a greater improvement with the retinaldehyde/glycolic acid 
treatment group. The authors concluded that by treating the in�ammatory lesions this helped to prevent 
scarring. The scars which already existed were treated through effects of retinaldehyde on keratinocytes 
by affecting differentiation and proliferation. The scars were also treated by the keratolytic effect of the 
glycolic acid. Speci�cally, the patients did better with respect to the erythema and hyperpigmentation 
of their scars.

Retinoic Acid and Glycolic Acid Combination

A study involving 35 patients using topical retinoic acid 0.025% and glycolic acid 12%, evaluated for the 
presence of acne scarring after 12 weeks of use [13]. The patients gradually increased use from a half hour 
to a few hours to overnight over the 12-week period. The patients were not on any other treatment. The 
patients were evaluated by two methods: one for atrophic acne scarring and the other for what was labeled 
as macular erythematous pigmented lesions. This was used to help determine the difference between the 
atrophic scars and the pigmented macular lesions. For the patients evaluated for scarring the Goodman 
and Baron quantitative global scarring grading system was used before and at the end of the 12-week 
period. Numerical scoring was de�ned by the appearance and number of scars. The numerical values 
were then tallied and divided into no improvement, mild, moderate, good, and very good improvement. 
Three out of 35 showed no improvement, 16 showed mild improvement, 13 had moderate improvement, 
two had good improvement, and one had very good improvement.

For the pigmentary change, of the macular lesions, improvement was categorized as no improvement, 
or mild, moderate, or good improvement. The results of this section of the study showed �ve out of 35 
having no improvement, two having mild improvement, eight having moderate improvement, and 20 
having good improvement.
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The study makes a valid observation that many (mainly patients) perceive scars as pigmentary changes, 
thus complimentary evaluation of this physical �nding was prudent by the authors.

Adapalene/Benzoyl Peroxide

The most recent assessment of acne scars with a topical medication is a split-face randomized controlled 
trial using adapalene 0.1%/benzoyl peroxide 2.5% gel in adult patients with moderate acne who were 
followed for 6 months [14]. Very importantly, this study addressed the development of new scars. Fewer 
new atrophic scars were noted in the treated group, with an average of two fewer atrophic scars over 6 
months. In addition, assessment of scarring showed the percentage of patients that were almost clear 
improved from 9.7% to 45.2% after treatment, where as in the vehicle group that percentage remained 
stable (9.7%–6.5%). The authors suggest a dual effect of adapalene/benzoyl peroxide by improving the 
overall severity of the atrophic acne scars and reducing the occurrence of new scars, thus prevention of 
acne scarring.

Acne Fulminans, Special Case

Potent topical steroids applied on all ulcerated nodules may have some bene�cial effect to decrease 
in�ammation in the �rst 7–10 days [15]. Theoretically, the decrease in in�ammation may help with 
scarring.

Conclusion

There is evidence that retinoids, glycolic acid, and benzoyl peroxide in combination with adapalene can 
treat acne scarring (Table 3.1). There isn’t evidence to support scar prevention except for limited data 
from the aforementioned three topicals. In preparation for this review, other topical acne treatments and 
their effect on acne scarring was searched in the medical literature and there were no published reports 
to support the use of topical azelaic acid, sulfur, sulfacetamide, and dapsone. Finally, there are anecdotal 
reports of potent topical steroids helping with acne fulminans lesions.
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Superficial Peeling

Jessica Cervantes, Maria Pia De Padova, and Antonella Tosti

Introduction

Super�cial chemical peeling (SCP) is the process of applying a chemical agent to the skin with the 
intention of destroying the outermost damaged skin layers and ultimately accelerating the restoration 
process for regeneration of epidermal and dermal tissues [1,2]. Speci�cally, the utilization of chemical 
peels induces damage in the epidermis and papillary dermis, leading to epidermal regeneration and 
post-in�ammatory collagen neoformation [3]. For a chemical peel to be classi�ed as super�cial, it must 
exfoliate the epidermal layers without penetrating beyond the basal layer [4]. This treatment modality 
has many applications in dermatology including facial rejuvenation, photoaging, dyschromias, 
melasma, mild acne, acne scars (Figure 4.1), oily skin with enlarged pores, and rosacea [3]. For acne 
scars, the choice of chemical agent depends on the skin type and type of scar, among other factors 
[5,6] (Figure 4.2). Trichloroacetic acid (TCA) is the most utilized agent for mild acne scars, whereas 
active acne lesions are more commonly treated with pyruvic acid (PA) or TCA in combination with 
salicylic acid (SA).

The level of expected improvement is extremely variable and depends on the patient, type of scar, and 
potency of treatment. As super�cial chemical peels are typically of mild potency, repeated treatments 
are necessary to obtain desired results. Among the different classi�cations of acne scars, macular and 
boxcar scars have been documented to be most responsive to chemical treatment [1]. The best treatment 
results are achieved in macular scars [1].

Super�cial chemical peels are widely utilized worldwide in both men and women of all Fitzpatrick skin 
types and is relatively safe in light and dark phototypes [3,7]. Individuals of all ages can bene�t from the 
improved appearance and quality of the epidermis after undergoing repeated peels [7].

History

As early as 1550 bc, caustic preparations for peeling procedures were described in Egyptian medicine 
[4]. In the nineteenth century, dermatologists began to show interest in peeling procedures. In 1882, Unna 
described the keratolytic properties of SA, resorcinol, TCA, and phenol [25]. At that time, treatment of 
acne scars had been approached only with medium-deep or deep peelings. More recently, acne scars have 
been treated with repeated sessions of super�cial peels [4,7].

KEY FEATURES

•	 Very useful for treating pigmented macular scars.
•	 Useful for improving boxcar scars.
•	 Improve active acne lesions.
•	 Can be utilized in dark skin.
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Advantages and Disadvantages

Advantages

SCP can be universally used on all Fitzpatrick skin types without any major risks. During the procedure, 
there is minimal discomfort that generally persists for no more than 30 minutes and is well tolerated by 
most patients. Sedation is not needed for the procedure. The post-peel recovering period is short, lasting 
only a few days. The desquamation that takes place is well accepted and can be avoided by using glycolic 
acid invisible peeling of the skin. Nonetheless, some patients prefer Jessner’s exfoliation or the thin brown 
sheets of post-TCA peeling. Complications are rare and when present are of mild severity [3].

Disadvantages

Although clinically proven to work, not all patients achieve desirable results with SCP. The level of 
improvement is extremely variable and depends on factors such as skin type, type of scar, and intrinsic 
patient characteristics [1,5]. Every patient’s expectation is different, and it is important to state that 
multiple peels may be necessary [3,5]. Speci�c drawbacks of each peeling agent are described under the 
respective section of “Peeling Agents.”

Contraindications

Although generally limited, contraindications to super�cial peelings exist. These include [3,4]:

•	 Connective tissue disorders

•	 Dermatitis

•	 Infection

•	 Immunosuppression

•	 Keloidal tendency or delayed/abnormal wound healing

•	 Isotretinoin or any systemic retinoid use within 6 months of treatment

•	 Oral anticoagulants, oral contraceptives, or tetracycline use

•	 Pregnant or nursing patients

•	 Active skin disorders or in�ammation on the treatment site

•	 Active herpes simplex virus

•	 Glycolate hypersensitivity (glycolic acid contraindicated)

FIGURE 4.1  Patient with multiple types of scars: retracting, ice pick, and boxcar scars.
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Peeling Agents

Trichloroacetic Acid

For many decades, TCA has been the gold standard in chemical peeling. With proper application, TCA is 
considered to be one of the most satisfying procedures for acne scars. Treatment regimens with 10%–20% 
TCA, mixed with 100 mL of distilled water, is generally recommended for super�cial peels as it produces 
controlled coagulation and denaturation of skin proteins (keratocagulation) above the stratum granulosum 
[1,3]. The resultant effect is the visible white frost, which varies depending on the concentration and depth 
of penetration of the solution [8]. Following this induced damage, epidermal and dermal rejuvenation take 
place with new collagen deposition and normalization of elastic tissue [3]. It is not usually necessary to 
neutralize TCA, but neutralization with cold water can be done.

If TCA concentrations between 25% and 35% are used, the solution penetrates below the stratum 
granulosum to diffuse throughout the full thickness of the epidermis and provide a medium-depth peel. 
TCA (25%–30%) is indicated for boxcar scars without active lesions, rolling scars, and scars of different 
depths (Figure 4.2a,b). Concentrations beyond 35% are not recommended for general super�cial peels 
as they can lead to undesirable scarring. However, TCA (35%) is the preferred strength for the treatment 
of isolated ice pick scars [1]. At 40%–50%, injury to the papillary dermis results, and at concentrations 
greater than 50%, injury extends into the reticular dermis [1]. Chemical reconstruction of skin scars 
(CROSS), a newer treatment technique, relies on the localized application of pressure to atrophic acne 
scars via manually pressing on the depressed areas with a TCA-containing wooden applicator. This 
method results in focal application of higher TCA concentrations of 65%–100% without signi�cant 
complications as it avoids damage to adjacent skin [9].

Advantages of TCA include low cost, ease of treatment monitoring (via visualization of frost color), and 
homogeneity of application (Figures 4.2b and 4.3a). A stinging and burning sensation during application 
and the potential for hypo/hyper pigmentation are notable disadvantages [8]. Other expected skin changes 
include mild edema, erythema, and transient hyperpigmentation. No allergic reactions or systemic toxicity 
is expected [7]. In general, high concentrations of TCA are not indicated for dark skin (Fitzpatrick V-VI) 
due to the high risk of hyperpigmentation.

Glycolic Acid

α-hydroxy acids (AHAs) is a family of carboxylic acids consisting of glycolic, lactic, malic, oxalic, tartaric, 
and citric acid. Glycolic acid is the most popular AHA that is used as a peeling agent [8]. Super�cial 
glycolic acid peels provide an overall improvement in the appearance of the skin with minimal post-peel 
recovery. The chemical effect of topical AHAs is to diminish corneocyte cohesion above the granular 
layer and diminish the quantity of desmosomes and tono�lament aggregates. This results in detachment 

(a) (b)

FIGURE 4.2  Boxcar scars (a) at �rst session and (b) after third session with 25% trichloroacetic acid peeling.
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of the stratum corneum with subsequent desquamation within 24 hours post-treatment [3]. In summary, 
AHAs such as glycolic acid result in thinning of the stratum corneum, promotion of epidermolysis, and 
dispersion of basal layer melanin [8]. Furthermore, increased secretion of interleukin-6 causes increases 
in dermal hyaluronic acid and collagen gene expression [1].

Erythema, blanching, stinging, and spotted-like frosting are signs of intended epidermolysis. Glycolic 
acids are generally nontoxic and systematically safe. Hyperpigmentation, especially in dark skin, and 
allergic reactions have been reported as possible side effects [2,3]. Other undesirable reactions include 
erythema, desquamation, and a sensation of the facial skin being pulled [2]. Residual macular or atrophic 
scars may also result due to glycolic acid’s fast and heterogeneous penetration.

Glycolic acid (30%–70%) is indicated for macular scars, especially in patients without active acne 
lesions. For best results, �ve sequential sessions applied for a variable time (2–20 minutes) every 2 weeks 
with 70% glycolic acid should be administered [1,8,10]. Neutralization with 8%–15% sodium bicarbonate 
solution is administered after the peel. Of special interest, glycolic acid has been documented to be 
ef�cacious in Asian skin, with minimal side effects [11].

Pyruvic Acid

PA is an alpha-ketoacid that physiologically coverts to lactic acid. With its keratolytic, antimicrobial, and 
sebostatic properties, PA is a very potent peeling agent that can be used in all skin types [8]. Additionally, 
PA may stimulate new collagen production and elastic �ber formation [1,8]. Neutralization is achieved 
with 10% sodium bicarbonate solution. After 5–7 days, healing is complete [3]. PA (40%–70%) is mostly 
indicated for patients with active acne, moderate macular scars, and very super�cial boxcar scars [12] 
(Figure 4.4a–c). This regimen results in very rapid effects and provides a very homogenous peel with vast 
improvement in skin texture [12]. Advantages of PA peels include minimal desquamation, homogenous 
penetration, and short recovery periods.

Due to its high risk of scarring and respiratory side effects, PA peels are typically not the �rst choice. 
The stinging and irritating vapors released by PA have been reported to injure the upper respiratory 

(a) (b) (c)

FIGURE 4.3  White frost after application of (a,b) 25% and (c) 30% trichloroacetic acid peel.

(a) (b) (c)

FIGURE 4.4  Active acne with boxcar and ice pick scars (a) before and (b) after two sessions with 60% pyruvic acid peeling, 
and (c) after two sessions with 25% trichloroacetic acid peeling.
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mucosa. For this reason, adequate ventilation during the procedure is advised [1]. Furthermore, PA peels 
are commonly associated with intense pain and erythema.

Salicylic Acid

SA is a lipophilic, β-hydroxy acid that results in the activation of basal cells and �broblasts and 
desquamation of the upper layers of the stratum corneum by removing intercellular lipids covalently 
linked to the surrounding envelope of keratinized cells [1,8].

For super�cial peeling purposes, a hydroethanolic or polyethanol glycol vehicle is used with a 20%–30% 
SA concentration. For best results, a 25% SA concentrate should be applied three to �ve times, every 3–4 
weeks [1,8] (Figure 4.5a,b). Upon administration, a progressively increasing stinging or burning sensation 
may be experienced. This rapidly decreases as SA’s super�cial anesthesia takes effect. Other side effects 
include erythema and dryness. A white precipitate, which correlates to evaporation of the vehicle, may 
be seen on the skin surface. Neutralization is generally not needed. Desquamation lasts for up to 7 days, 
usually appearing in the �rst 2–3 days, and results in a very homogenous peel.

Application can be repeated every 4 weeks if needed [3]. SA (25%) is safe for dark skin as it rarely 
causes post-in�ammatory hyperpigmentation or scarring [1]. It is also indicated for active acne and 
macular scars, producing very rapid effects. SA (25%–30%) followed by TCA (30%) is indicated for 
patients with active acne, especially comedonic acne, and boxcar scars. SA (25%) followed by TCA 
(25%) is a less aggressive regimen indicated for active acne, super�cial boxcar scars and macular scars. 
This combination leads to a shorter post-peeling healing phase [13]. Although rare, if SA toxicity 
should occur, adverse effects such as rapid breathing, tinnitus, hearing loss, dizziness, abdominal 
cramps, and central nervous system symptoms can appear. Overall, SA is considered one of the best 
peeling agents [1].

Resorcinol

Resorcinol is a potent reducing agent that is used in paste formulations of 10%–50% concentration. It is 
applied daily for three consecutive days, at which time water and topical creams should be avoided for 
at least 4–7 days to allow for potent desiccation. Each treatment should be applied for ∼25 minutes and 
then wiped off. This peeling modality is time consuming and accounts of thyroid side effects have been 
reported [3].

Jessner’s Solution

Jessner’s solution (JS) is a peeling agent composed of resorcinol (14 g), lactic acid (85%, 14 g) and SA 
(14 g) in an alcohol base (ethanol 95%, 100 mL) [8]. The chemical effect is disruption of weak hydrogen 
bonds in keratin and separation of the stratum corneum, with intercellular and epidermal intraepithelial 

(a) (b)

FIGURE 4.5  Active acne (a) before and (b) after four sessions with 25% salicilyc acid peeling.
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edema [1,3]. JS can be applied alone for light peels, or it can be applied in preparation for a TCA peel 
[8]. JS followed by TCA (25%–30%) is indicated for active acne and boxcar scars. In general, an intense 
burning sensation may occur during application. After application, mild erythema and powdery whitening 
of the skin is frequently seen. The whitening of the skin is due to precipitation of the chemical onto the 
skin. Peelings can be repeated monthly if needed.

Multiple coats of solution can be applied depending on the depth of peel desired. Level 1 peel is created 
with one to three coats of JS and results in mild �aking of the skin after 1–2 days. Level 2 is created 
with four to ten coats of JS and presents with erythema and pinpoints of white frosting. Mild red-brown 
discoloration and skin tightening occur 1–3 days after, followed by exfoliation and moderate �aking 
2–4 days later. Additional coats of JS create a level 3 peel, resulting in moderate stinging and noticeable 
erythema and frosting.

Peel Procedure

Treatment Regimen

Regardless of the peeling agent used, treatment of acne scars requires an average of four to seven sessions 
at an interval of 30–40 days. The choice of super�cial peeling agent depends on the type of scar, skin 
type, and skin thickness. These factors are in�uenced by previous topical treatments and environmental 
factors, such as cold weather, which enhances the penetration of chemical agents.

Medical History

It is critical to take a complete history prior to the SCP procedure to uncover any factors that may interfere 
with optimal results. Important features to look for include past issues with wound healing and propensity 
for scar formation. Rosacea, seborrheic or atopic dermatitis, and psoriasis are among the dermatological 
conditions that may increase the risk for post-operative complications. One should also inquire about 
previous resurfacing procedures or surgeries [14].

Priming/Pre-Treatment

Two to three weeks before the SCP procedure, several pre-peeling preparation tasks must take 
place. These steps are essential to obtain uniform penetration of the peeling agent, reduce healing 
time, prevent post-in�ammatory hyperpigmentation (PIH), and determine personal skin tolerance 
to chemicals. Commonly used priming agents include retinoic acid (tretinoin 0.05%), SA (1%–2%), 
PA (2%–3%), glycolic acid (8%–12%), hydroquinone (2%), kojic acid with glycolic acid (5%–10%), 
and modi�ed Kligman’s formula [3]. Most topical products should be applied three times a week for 
1 month, and should be interrupted 4 days before the SCP procedure to avoid excessive penetration of 
the peeling agent [3,4]. In patients of dark phototype, supplementary treatment with a hydroquinone-
based preparation may be used to decrease the risk of PIH [4,14]. In patients with a history of recurrent 
herpes simplex infections, treatment with oral antivirals (e.g. Acyclovir) should be administered 
starting 2 days before the SCP and lasting 7–10  days after the SCP as exacerbations have been 
documented to occur [3,14].

Consent

Before the procedure, a detailed informed consent should be given to the patient to offer him/her the 
opportunity to understand the procedure and appreciate potential consequences. This also provides 
the patient a moment in time to ask possible questions and express any concerns. It is important to 
always provide written information about the procedure (Table 4.1). To avoid disappointments or �awed 
expectations, it is important to clearly explain to the patient that super�cial peels can improve but not 
completely resolve acne scars [5].
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Photographic Documentation

It is essential to obtain good quality pictures before starting the procedure. This provides a means of 
documentation that is useful for follow up and before/after comparisons [15] (Figure 4.6a–c).

Choice of Agent, Concentration, and Formulation

When choosing a chemical peeling agent, it is vital to tailor the peeling regimen to the individual needs 
of the patient [14]. The most commonly used SCP agents are glycolic acid, TCA, and JS. Concentrations 
depend on skin type and thickness, type of scar, and location being treated, as, for example, the periocular 
and perioral regions require lower concentrations or milder application of the peel.

Suggestions for choice of peeling agent include:

•	 Trichloroacetic acid: Boxcar scars, especially in patients without active acne lesions

•	 Glycolic acid: Macular scars, especially in patients without active acne lesions

•	 Pyruvic acid: Active acne lesions, macular lesions, and/or very super�cial boxcar scars

•	 Salicylic acid: Active acne lesions and/or macular scars

•	 Jessner’s solution followed by trichloroacetic acid: Active acne lesions, super�cial boxcar scars, 
and/or macular scars

In general, most chemicals utilized for super�cial peelings are available as solutions. Select agents are 
available in gels and pads, which are preferred formulations as they provide slower penetration and are 
easier to control.

TABLE 4.1

Patient Information about Chemical Peeling

•	 Super�cial peeling is a cosmetic procedure that exfoliates the skin through application of chemicals that induce skin 
irritation and ultimately improve skin texture and appearance.

•	 Expect severe burning during the procedure. This will usually last for 3–4 minutes.
•	 Expect skin redness for 2–3 days.
•	 Two to 3 days after the peeling, the skin will turn reddish brown and start to peel. Rarely, blisters and crusts may 

appear.
•	 The procedure can cause pigmented or white spots that are usually temporary and resolve in 1–3 months. In some 

skin types, these pigmentary changes may persist and require speci�c treatments.
•	 For the �rst week after the procedure, apply a moisturizer three to four times a day.
•	 Don’t scratch or remove the scales as it may result in scarring.
•	 Avoid sun exposure as it can lead to development of pigmentary spots. Wear a high protection sunscreen at all times 

for at least 2 months after the procedure.
•	 Super�cial peels improve, but do not completely eliminate acne scars.
•	 You may need to repeat the procedure three to six times for optimal results.

(a) (b) (c)

FIGURE 4.6  Patient active acne with macular scars (a) before, (b) during procedure, and (c) after 4 sessions of pyruvic 
acid peeling. The presence of homogeneous erythema indicates a need for neutralization with 10% sodium bicarbonate 
solution (see b).
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Peeling Tray

Common materials present on the tray include the peeling agent(s), neutralizing solution, alcohol, 
acetone, cold water, gauze, cotton-tipped applicators, disposable fan brushes, disposable hair caps, 
zinc oxide cream, and sunscreen. It is imperative to take special precautions and clearly label the 
peeling agent container to avoid possible confusion with the neutralizing solution or water. Also 
of importance, always keep the peel agent contained on the side of the patient to avoid inadvertent 
droppings.

Application

Instruct the patient to wear a disposable hair cap and maintain their eyes closed for the remainder of the 
SCP procedure. Before the peeling procedure, the skin should be cleaned with an antiseptic cleanser 
and alcohol or acetone to remove the hydrolipidic �lm on the skin’s surface, as well as any remnants 
of makeup, sebum, and/or debris [3]. This will allow for optimal penetration of the peeling agent in a 
homogenous fashion [4]. Apply zinc oxide pads over the lip and eyelid commissures.

The modality of application depends on the formulation. Liquid solutions are best applied using a fan 
brush, while gel products require cotton tipped applicators or gloved �nger application. The contact time 
varies with the causative agent used and the desired depth of penetration [4].

Initiate peeling agent application starting in areas of thicker skin. Apply the peeling agent on the 
forehead �rst, from side to side, two or three times, and then do the same on the cheeks, nose, and 
chin. The periocular and perioral regions should be treated last. Wrinkles are commonly stretched 
to allow the acid to penetrate into the folds. To acquire a homogenous peel, repeat the application 
in regions that do not show erythema or frosting. For best results, apply strong pressure to the skin 
around the scar during treatment to enhance penetration of the peeling agent in the surrounding skin. 
This produces uplifting of the atrophic area. For deep boxcar scars, it is important to compress the 
central region of the scar with a cotton tip [9]. After application of the peeling agent, rinse off or 
neutralize the treated area with water or sodium bicarbonate [4]. For anti-in�ammatory purposes, 
many dermatologists apply a mild steroid or an emollient cream after rinsing off the peeling agent 
with cold water. A hand-held fan can be used to reduce patient discomfort at any stage during the 
treatment [3].

Specific Peel Agent Application Practices

•	 Trichloroacetic acid peel: Apply the TCA in solution or gel until frosting. Use cold water to 
neutralize the peel [9,16,17] (Figure 4.7a–c).

•	 Glycolic acid: Apply the glycolic acid solution or gel and leave on for 2–3 minutes until diffuse 
erythema develops. Next, neutralize with 10% sodium carbonate. Avoid development of frosting, 
as it may be a cause of post-peeling complications [11].

•	 Pyruvic acid: Apply the PA solution or gel and leave on for 3–4 minutes (or until frosting for 
boxcar scars). Use 10% sodium carbonate solution to neutralize the peeling [18,19].

(a) (b) (c)

FIGURE 4.7  Boxcar scars and ice pick scars of the glabella (a) before, (b) during, and (c) after four sessions of 30% 
trichloroacetic acid peeling. The white frosting in (b) indicates that the agent has reached the reticular dermis.
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•	 Salicylic acid: Apply the SA and leave on for 2–3 minutes until evaporation of the alcoholic 
vehicle occurs. Remove the residual SA white power from the treated area with a moisturizing 
cream. This improves penetration of SA in the skin [20].

•	 Combined salicylic acid with trichloroacetic acid peel: Apply the SA solution �rst, and leave 
on for 2–3 minutes until evaporation of the alcoholic vehicle occurs. Remove the residual SA 
from the treated area with water or with a moisturizing cream. Next, apply the TCA in solution 
or gel until frosting occurs. The optimal frost is white-pink for macular scars and white-gray 
for other scars. Use cold water to neutralize the peel (Figure 4.8a,b).

•	 Combined Jessner’s solution with trichloroacetic acid peel: Apply the JS �rst and then follow 
the same modalities as for the combined salicylic–trichloroacetic peel [21,22] (Figure 4.9a,b).

Immediate Post-Peel Care

The post-peel care regimen consists of 1–2 days of soothing the skin with cooling compresses, 7 days 
of healing care and hydration, 7 days of avoidance of in�ammatory agents and 1 month of careful sun 
protection. To relieve the burning sensation commonly encountered on the �rst day, cooling with 1/4 
acetic acid compresses is recommended [3].

The patient should be instructed to apply a moisturizing cream three to four times a day for the 
immediate post-peeling period. Most importantly, inform the patient to avoid sun exposure and use 
sunblock during and for up to 6 months after the last peeling session. Scratching or intentional removal 
of scales or crust should be strongly advocated against as it can lead to prolonged erythema and possible 
inhomogeneous skin pigmentation. A mild skin cleanser can be utilized without rubbing. In case of 
intense erythema, a low potency topical steroid for 2–3 days can be prescribed.

After 7–10 days, when reepithelization is typically complete, the patient can reassume application of 
topical products containing 1%–2% SA, 2%–3% PA or 0.05% retinoic acid and 4% topical hydroquinone 

(a) (b)

FIGURE 4.8  Active acne with rolling scars (a) before and (b) after three sessions of 25% salicylic acid and three sessions 
of 25% trichloroacetic acid peel.

(a) (b)

FIGURE 4.9  (a,b) Active acne after combined peeling with Jessner’s solution and 25% trichloroacetic acid.
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to prepare the skin for the next procedure. Super�cial peels typically require four to six applications, 
generally 2–4 weeks apart [4]. Patients with active acne lesions can use topical antibiotics and/or benzoyl 
peroxide.

Key Points for Post-Peel Care

•	 The patient may complain of burning a few seconds after beginning the procedure.

•	 The development of diffuse homogeneous erythema indicates epidermal penetration.

•	 Development of white frost indicates coagulative necrosis of the papillary dermis.

•	 Development of gray-white frost indicates coagulative necrosis of the reticular dermis.

•	 The patient will develop diffuse erythema and edema about 1 hour post-procedure.

•	 Skin desquamation usually develops 3–4 days after peeling.

Side Effects and Complications

Minor Side Effects

Minor side effects are common, yet transitory. These include temporary swelling, burning, itching, 
dryness, skin hypersensitivity, and transient hypo or hyperpigmentation. Swelling, itching and burning 
usually do not require treatment and resolve spontaneously in 1 week [14]. In severe cases, a mild topical 
steroid can be given for 1–2 days. Skin dryness and hypersensitivity may last for 2 weeks and requires 
frequent application of moisturizing creams. Pigmentary changes may last 3–4 weeks. In these patients, 
it is very important to completely avoid sun exposure. For hyperpigmented spots, bleaching agents such 
as 4% hydroquinone and 0.05% retinoic acid can be prescribed.

Super�cial peelings may temporarily worsen papulopustular acne. Some patients may even develop 
active papules and pustules in the immediate post-peeling period. These patients can be treated with 
systemic antibiotics as in the management of active acne [23,24]. Of note, exacerbation of pre-existing 
conditions, such as warts, seborrheic or atopic dermatitis and psoriasis may occur [3].

Complications

Complications from SCP are rare, yet possible. Possible complications of SCPs include pigmentary 
changes, infections, prolonged erythema, allergic reactions, and technical errors [3]. Meticulous care is 
needed to avoid physician and technical errors, such as dripping acid into the eyes or applying excessively 
concentrated or inadequate solutions of peeling agent thereby resulting in inhomogeneous penetration. 
If prophylaxis is not prescribed, reactivation of herpes simplex may occur thereby requiring immediate 
treatment with systemic antivirals [14].

Permanent complications include corneal damage, atrophic or hypertrophic scars, diffuse or spotted 
hypo or hyperpigmentation, and patchy inhomogeneous areas of different skin colors. Atrophic scars can be 
treated with �llers, while hypertrophic scars can be addressed with steroid injections and silicone dressing. 
Pigmentary changes can be treated with prescription bleaching agents. In patients with inhomogeneous 
skin pigmentation, a few sessions of 40% PA peeling or 5% retinoic acid peeling can be of help.

Patients must also follow instructions to avoid self-induced complications. Common patient 
noncompliant behaviors include not using sunblock or intentionally peeling off the scales or crust with 
hopes of accelerating healing.

Future Directions

Super�cial chemical peeling is a safe and effective procedure to improve the appearance and the quality 
of the epidermis [3]. Wide use of peeling combinations with other treatment modalities for acne scars, 
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such as needling, lasers and �llers, should be explored. Evidence-based studies to evaluate the ef�cacy 
of different super�cial peelings in active acne and acne scars is strongly desired.
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5
Medium-Depth and Deep Peeling

Marina Landau

Introduction

Chemical peelings are a procedure used for cosmetic improvement of the skin or for treatment of some 
skin disorders. Although a few years ago some predicted the disappearance of chemical peels in favor of 
lasers, quite the opposite has occurred [1]. According to the of�cial website of the American Society of 
Plastic Surgeons (ASPS), chemical peeling is still the third most popular minimally invasive procedure 
with an increase of 4% between 2015 and 2016 (similar to Botulinum toxin injections) and an 18% 
reported increase from 2000 to 2016 (http://www.plasticsurgery.org). To note, in 2012 following the 
demand for education on chemical peels among professionals, the International Peeling Society was 
established (http://www.peelingsociety.com).

The popularity of chemical peels is related to their versatility and relative simplicity. During the peeling 
procedure, a chemical exfoliating agent is applied to the skin to destruct portions of epidermis and/or 
dermis with subsequent regeneration and rejuvenation of the tissues. The peels are classi�ed as super�cial, 
medium, and deep according to the depth of penetration of the peeling solution. The depth of the peel 
determines the �nal outcome, together with the patient’s inconvenience during and after the procedure, 
healing time, and the rate of the potential side effects [2].

Acne is a common disease that affects almost 100% of youngsters [3,4]. Acne settles in the vast of 
age [5]. Scarring occurs early in the course of acne and may affect to some degree a signi�cant number 
of patients from both sexes [6]. Minor acne scarring may occur in up to 95% of patients, and signi�cant 
scarring in 22% [7]. Differences in the cell-mediated immune response are involved in the personal 
tendency to develop post-acne scarring [8].

Acne scars are socially disabling for the individual, with a signi�cant negative effect to the quality-
of-life index [9]. Healthy normal skin is essential for a person’s well-being. A recently published study 
demonstrated that the self-esteem of the patients who underwent chemical peelings for both cosmetic and 
therapeutic reasons improved signi�cantly after the procedure [10]. This can be possibly explained by the 

KEY FEATURES

•	 Differentiation between post-acne sequels and real scars is essential for choosing the 
right treatment tool.

•	 Post-acne sequelae can be addressed by super�cial and medium-depth peels, while scars 
require deeper approach or combination modalities.

•	 Best satisfaction from chemical peels is observed in older patients with scars, since deeper 
peels address facial aging issues as well.

•	 The degree of the frosting in a TCA peel correlates with the depth of solution penetration.
•	 Full-face deep peels are carried out under full cardiopulmonary monitoring and 

intravenous hydration.

http://www.plasticsurgery.org
http://www.peelingsociety.com
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fact that skin lesions treated with chemical peelings have a signi�cant impact on patients’ emotions by 
in�uencing their perceived body image, making them feeling embarrassed and unworthy [11].

Acne scars are classified into three categories based on their clinical features: macular, atrophic, and 
hypertrophic. Macular scars are mainly erythematous or hyper- or hypopigmented macules, without any 
textural changes [12]. For the purposes of treatment choice, macular scars can be related as super�cial 
post-acne sequels. Due to their super�cial character, they are relatively easily addressed by super�cial 
treatments, including super�cial peels [13,14].

Hypertrophic scars are linked to uncontrolled proliferation of abnormally arranged collagen 
�bers in the dermis and are treated by therapies that address these issues, such as corticosteroids or 
5-�uorouracil [15–18].

Atrophic scars involve both super�cial and deeper layers of the skin. They are the most common type 
of facial post-acne scars. According to their speci�c morphology, they can be further subdivided to ice 
pick, boxcar, and rolling scars [19] (Figure 5.1).

There is no doubt that the treatment of atrophic acne scars presents a challenge for a physician. 
Combination procedures are often required. Some of them are associated with signi�cant morbidity 
and longer healing periods. Therefore, proper physician–patient communication is essential for success. 
Although a wide range of interventions have been proposed to treat atrophic facial scars, a recently 
published Cochrane Database systematic review on interventions for acne scars failed to �nd the most 
effective and safe methods of managing this condition [20]. In this chapter I discuss the role of chemical 
peels in the treatment of atrophic facial post-acne scarring.

History of Using Chemical Peels for Post-Acne Scarring

As far back as 1905, surgical methods have been used to improve skin that has been scarred by facial 
acne. One hundred years ago two New York dermatologists, George MacKee and Florentine Karp, began 
using phenol peels for post-acne scarring [21]. Thereafter, following the development of new medical 
technologies, other methods have been introduced to treat acne scars [22–38].

Chemical peels, relevant for the treatment of facial atrophic post-acne scarring, include medium and 
deep peels, their combinations, and the chemical reconstruction of skin scars (CROSS) technique based 
on in-scar application of a high percentage of trichloroacetic acid (TCA) [21,39–52].

Basic Chemistry

TCA is the most common chemical used in medium-depth peels. TCA (C[Cl]3COOH) is found as 
anhydrous hygroscopic crystals. TCA is a strong acid with a pKa of 0.26. Its destructive activity is related 
to the acidity of the solution; therefore, more concentrated solutions of TCA have a more destructive 
effect on the skin.

The solutions for deep peeling are based on a combination of phenol and Croton oil. Phenol 
(C5H5OH), or carbolic acid, is an aromatic hydrocarbon derived originally from coal tar, but prepared 
synthetically in a process that utilizes monochlorobenzene as a starting point; 98% phenol appears as 
transparent crystals, whereas lique�ed phenol consists of 88% United States Pharmacopeia solution 
of phenol in water.

Rolling scarIce pick scar Boxcar scar

Skin surface

FIGURE 5.1  Atrophic acne scars subtypes.
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Croton oil is an extract of the seed of the plant Croton tiglium and has been commercially prepared 
as Croton resin since 1932. Its activity on the skin is related to free hydroxyl groups that cause skin 
vesiculation even in low doses.

Other chemicals in use in deep chemical peel formulas include septisol, water, and vegetable oils 
(glycerin, olive, sesame).

All the modern phenol formulas are based and modi�ed from a few lay peelers’ formulations. Names 
such as Grade, Coopersmith, Kelsen, and Maschek are the origins of Baker-Gordon’s, Brown’s, Hetter’s, 
Stone’s, Litton’s, Exoderm, and other formulas. All of them are based on the aforementioned chemical 
components in different concentrations. The concentration of phenol ranges from 45% to 80%, whereas 
the concentration of Croton oil ranges from 0.16% to 2.05%. It is generally accepted that the role of liquid 
soap is to reduce the skin–surface tension and to improve solution penetration [47–51]. In spite of this, 
septisol is not included in all of the formulas [52]. Some of the formulas contain oils [47–49]. The role of 
the oils in the formula has not been clari�ed yet. Our personal experience shows that oily phenol solution 
penetrates the skin in a slower and controllable fashion.

Techniques

Medium-Depth Peels

TCA is the most common chemical used in medium-depth peels. Whereas 10%–20% TCA creates 
super�cial skin exfoliation, 35% concentration peels the skin down to the upper dermal layers. 
Concentrations higher than 35% are not recommended because the results are less predictable and the 
potential for scarring increases signi�cantly. In order to increase the depth and ef�cacy of a TCA peel 
without increasing the concentration of the acid, it has been suggested to combine this chemical with 
Jessner’s solution, 70% glycolic acid or solid carbon dioxide (CO2). Sandpaper dermabrasion of the 
scarred areas can be combined with a TCA peel to further improve the outcomes of the peel.

The TCA solution is compounded in a weight-to-volume preparation. Thirty-�ve grams of TCA crystals 
are dissolved in water to make a total volume of 100 mL. TCA is stable at room temperature and not 
light sensitive.

Skin preparation is important before a TCA peel performance. Retinoid (0.25%–0.1%) cream, glycolic 
acid-based moisturizer, or a hydroquinone-containing preparation is used, starting 2–6 weeks before the 
procedure. Systemic antiherpertic agent is initiated a day before the peel in patients with herpes simplex 
history, being continued for 10 days. Before starting the procedure, all patients are photographed and 
sign a consent form.

Prior to the peeling solution application, a thorough cleaning of the skin is performed with a detergent 
solution; thereafter, defatting is done using acetone. A TCA peel is usually well tolerated by patients. However, 
in some cases it can be performed under intravenous sedation, but in most cases a combination of oral sedative 
such as lorazepam, zolpiderm, alprazolam, or diazepam and an analgesic, such as tramadol, is suf�cient.

For a TCA application, cotton Q-Tips or gauzes are dipped in a small container that contains the peeling 
solution and squeezed properly to avoid dripping the solution onto undesired areas. Using a gauze, a 
more aggressive abrasive effect is achieved. If TCA is painted by a Q-Tip, a more super�cial effect is 
created. Ready-to-use Q-Tip applicators are usually too compact and do not absorb enough of the peeling 
solution. My practice is to add a layer of soft cotton on top of ready-to-use Q-Tips. In the treatment of 
scarred facial skin, we use both tools alternatively during a single treatment according to the damage 
severity in each area. Whichever tool is used, TCA solution is applied systematically according to the 
cosmetic units until white frost appears. It should be noted that frost does not immediately appear after 
the solution application. Patient observation of the skin by the treating physician is required for a properly 
performed TCA peel. The degree of the �nal frosting correlates with the depth of solution penetration. 
Level I has a speckled white frosting with mild erythema and corresponds to super�cial penetration. Level 
II is characterized by an even white-coated frost with background erythema (Figure 5.2). This degree 
of frosting is usually desirable for medium-depth peels. If level II frosting is not achieved by 2 minutes 
after a thorough application of the peeling solution, additional layering of TCA should be performed after 
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re-dipping the applicator or a gauze. Level III has a solid white opaque frost with little or no background 
erythema, usually characterizing deep peels, and is not desirable in TCA procedure.

Frosting appearance correlates with an intense burning sensation experienced by a patient. If a patient 
is not sedated, as frosting develops, cooling of the area using wet, cold compresses provides symptomatic 
relief and does not neutralize TCA. A patient usually becomes completely comfortable 15–20 minutes 
after the procedure when the frosting subsides.

After-peel care includes continuous wetting of the skin. During the next few days patients may expect to 
feel tightening and swelling of the skin together with gradual darkening of the skin color, related to crust 
development. On day 3 or 5, the crust starts to crack and desquamation begins. At this stage, moisturizing 
cream can be applied. Full reepithelialization is completed after 5–7 days. At this stage, the patient is 
advised to wear camou�age makeup and resume normal daily activities. Blunt moisturizer and high-level 
sun protection are recommended for the next 2–3 weeks. In case post-in�ammatory hyperpigmentation is 
expected, a bleaching preparation based on a combination of retinoic acid and hydroquinone is initiated.

The mechanism of action of medium-depth peels includes the restoration of keratinocyte polarity and 
an increase in collagen type I content [53].

Ice pick atrophic scars were always considered extremely challenging with no visible improvement 
being achieved with almost any treatment modality. Focal application of high-concentration TCA has 
been reported as ef�cient to treat these speci�c scars and labeled as CROSS [44–46]. In this technique, 
80%–100% weight-to-volume TCA solution is applied by a sharp applicator (wooden tooth stick is 
optional) directly into the ice pick acne scar without affecting adjacent areas. White frosting appears 
inside the ice pick scar shortly after application of peeling solution. This procedure can be combined with 
full-face medium-depth peeling. CROSS treatments can be repeated every 6 weeks until a desirable level 
of correction is achieved. Histological changes following CROSS techniques have been documented [54].

Combination Peels

Combination peels are performed when a deeper effect on the skin is required yet deep peeling is not 
considered an option.

	 a.	 Monheit’s combination [55] of Jessner’s solution with 35% TCA: Classical Jessner’s solution is 
composed of resorcinol (14%), lactic acid (14%), and salicylic acid (14%) in alcoholic solution, 
and modi�ed Jessner’s solution contains lactic acid (17%), salicylic acid (17%), and citric 
acid (8%) in ethanol. After washing the face, a peeling solution is applied using wet gauze by 
systematically covering facial cosmetic units. Repeated coats are usually needed until erythema 
and patchy frost develops. At this stage TCA is applied using Q-Tips or gauzes. Some authors 
recommend waiting 5 minutes between the Jessner’s solution and application of TCA. The after-
peel course and care are similar to that of a TCA peel.

FIGURE 5.2  Level II frosting achieved during 35% peel.
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	 b.	 Brody’s combination [56]: Icing the skin with solid CO2 deepens the penetration of TCA and 
improves the clinical effect. The main indications that this combination should be used are 
�attened edges of depressed acne scars, actinic and seborrheic keratosis, and �ne wrinkles. 
The depth of the skin icing is determined by the exposure time of the skin to CO2. Usually the 
skin is rubbed for 5 (mild exposure) to 15 (hard exposure) seconds. The application of TCA is 
performed in a normal fashion.

	 c.	 Coleman’s combination [57]: Glycolic acid at 70% is applied usually for 2 minutes and 
neutralized before further application of TCA. This combination is least likely to produce 
pigmentation complications.

	 d.	 Combination with dermabrasion: To improve ef�cacy of the procedure, the peel can be combined 
with mechanical dermabrasion [58]. Ready-to-use tip polisher, which is sterile surgical equipment 
designed originally for cleaning cautery tips during operations, or pre-sterilized sandpaper are 
used for this purpose. If using the tip polisher, it can be attached to a 10 mL syringe to ease 
the abrasion process. The abrasion is performed in the most scarred areas, usually being the 
cheeks. Before the abrasion, local in�ltration of the area with adrenaline–lidocaine-containing 
anesthetic is advised, unless a speci�c contraindication exists. The abrasion is performed until 
pinpoint bleeding is induced. Antibiotic ointment is applied in the abraded area immediately 
after the bleeding stops.

Deep Peels

All patients are required to complete an electrocardiogram and complete a blood count prior to the 
procedure. Any heart disease requires special precautions, and it is always recommended to work in 
cooperation with the patient’s cardiologist.

Prophylactic systemic antiherpetics is given to patients with history of recurrent herpes simplex, starting 
a day before the procedure and continuing for 10 days until full reepithelialization is achieved. It is still 
debatable whether preparation of the skin is required for deep chemical peeling. Standard photography 
and a consent form are always obtained before the procedure.

Full-face deep peels should be carried out under full cardiopulmonary monitoring with intravenous 
hydration throughout the procedure. Intravenous sedation or regional blocks make the procedure pain free. 
A combination of oral sedative such as lorazepam, zolpiderm, alprazolam, or diazepam and analgesic, 
such as tramadol, can be also considered as optional. Before the peeling, meticulous degreasing of the 
skin is performed using oil-free acetone-soaked gauze sponges. This step is imperative to obtain even 
penetration of the solution into the skin.

For application of the peeling solution hand-made cotton-tipped applicators are employed (same as 
for the TCA peel). The application of phenol solution is accomplished with a semidry applicator. The 
usual end point is an ivory–white to grey–white color to the skin (Figure 5.3). All the cosmetic units 

FIGURE 5.3  The application of phenol solution creates an ivory–white to gray–white color to the skin.
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are gradually covered. While others perform mechanical abrasion of the skin the next day [47,48,51], 
I perform it immediately after the application of the peeling solution. Sterile Tipolishers or sterilized 
gentle sandpaper (Figure 5.4) are used to abrade the scarred skin until pinpoint bleeding is observed. 
Reapplication of the peeling solution coagulates most of the bleeding. The face is covered with 
impermeable tape mask for 24 hours (Figure 5.5). After 24 hours, the tape mask is removed and the 
exudate is cleansed with sterile saline. A regional reapplication of peeling solution and re-taping of the 
scarred areas can be performed again and the tape is left for an additional 4–6 hours and then removed 
by the patient. The face is covered with bismuth subgallate antiseptic powder for 7 days (Figure 5.6). 
On day 8, wet soaking with tap water while standing in the shower is used to soften the powder mask 
and to remove it. The erythema gradually subsides over 2 months. During this time, the use of makeup 
with a green foundation is encouraged in order to assist the patient in resuming all the daily activities. 
The third phase of the treatment is regional re-peeling, being performed 6–8 weeks after the original 
treatment [47–49,51].

Comparison between TCA and Phenol Peels

There is a single study comparing the results of a phenol-based solution with TCA 20% preceded by 
percutaneous collagen induction (PCI) on atrophic acne scars [42]. While a deep peel was performed 
once, a TCA–PCI procedure was repeated in four cycles, and therefore was associated with a signi�cantly 
longer accumulative downtime. Despite an overall similar improvement achieved in both groups, in the 
TCA–PCI group, a higher degree of improvement was achieved for the rolling scars.

(a) (b)

FIGURE 5.4  (a) Tipolisher is sterile surgical equipment designed originally for cleaning cauthery tips during operations. 
(b) Tipolisher is attached to a standard 10-mL syringe to perform skin abrasion.

FIGURE 5.5  Bleeding is observed following skin abrasion using Tipolisher.
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Complications

The list of potential complications of chemical peels includes pigmentary changes, infections, milia, an 
acneiform eruption, scarring, and cardiotoxicity [59].

	 1.	 Pigmentary changes: Reactive hyperpigmentation can occur after any depth of chemical peels. 
Usually lighter complexions have a lower risk of hyperpigmentation, but genetic factors play 
an important role, and sometimes light-skinned patients hyperpigment unexpectedly. Skin 
priming using a combination of hydroquinone and tretinoin cream (Kligman’s formulation) 
before the medium-depth peels, and early introduction of this preparation after deep peels, 
reduces the rate of this complication. Demarcation lines can be avoided if the boundaries of the 
peeling area are hidden under the mandibular line and feathered gradually to the normal skin. 
Hypopigmentation after phenol peels is proportional to the depth of the peel, amount of the 
solution used, number of drops of Croton oil in the solution, inherent skin color, and post-peel 
sun-related behavior. Hypopigmentation is a major drawback for performing medium and deep 
peels focally. Intradermal nevi can hyperpigment after deep peels.

	 2.	 Infection: Bacterial and fungal complications in chemical peels are rare. Patients with a positive 
history of herpes simplex infection are treated prophylactically with acyclovir or valacyclovir 
during medium and deep peels until full reepithelialization is achieved. Toxic-shock syndrome 
has been reported after chemical peels [60].

	 3.	Milia/epidermal cysts: Milia or epidermal cysts appear in up to 20% of patients after chemical 
peels, usually 8–16 weeks after the procedure. Electrosurgery is simple and effective to treat 
this post-peel complication.

	 4.	 Acneiform dermatitis: Acneiform eruption after chemical peels is not rare and usually appears 
immediately after reepithelialization. Its etiology is multifactorial and is related to either 
exacerbation of previously existing acne, or is due to the over-greasing of newly formed skin. 
This complication is not uncommon when treating thick sebaceous skin complexions, which is 
frequently the case in acne-scarred patients. Short-term systemic antibiotics together with the 
discontinuation of any oily preparations will usually provide satisfactory results. If not effective 
enough, a short course of oral isotretinoin will be usually satisfactory.

	 5.	Scarring: Scarring remains to be the most dreadful complication of chemical peels. The 
contributing factors are not well understood yet. The most common location of the scars is 

FIGURE 5.6  The face is covered with an impermeable tape mask for 24 hours.
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in the lower part of the face, probably due to more aggressive treatment in this area, or due 
to greater tissue movement, or due to eating and speaking during the healing process. Delayed 
healing and persistent redness are important alarming signs for forthcoming scarring. Topical 
antibiotics and potent steroid preparations should be introduced as soon as this diagnosis 
is made.

	 6.	 The most important potential complication exclusive to phenol-based peels is cardiotoxicity. 
Phenol is directly toxic to myocardium. Studies in rats showed a decrease in myocardial 
contraction and in electrical activity following systemic exposure to phenol [61]. Since fatal 
doses ranged widely in these studies it seems that individual sensitivity of myocardium to 
this chemical exists. In humans, sex, age, previous cardiac history, or blood phenol levels are 
not accurate predictors for cardiac arrhythmia susceptibility. Cardiac arrhythmias have been 
recorded in up to 23% of patients when a full-face peel was performed in less than 30 minutes. 
Adequate patient management reduces this complication to less than 7% [62]. No hepatorenal 
or central nervous system toxicities have been reported in the literature when chemical peels 
were properly performed.

Outlook and Future Developments

In spite of the high level of improvement achieved using chemical peels, acne scars are still challenging, 
especially in young individuals. In most cases, a complete smoothening of the skin is impossible, 
especially on tight skin areas, such the forehead and temples. This is an essential message to be clearly 
conveyed to a patient before the intervention to build up an appropriate level of expectations. Patients have 
to be shown pre- and post-treatment photographs and be asked about their expectations (Figures 5.7 and 
5.8). All exaggerated expectations should be discouraged. A need for repeating peeling sessions, limited 
to the most scarred areas, is also discussed.

In general, best results are achieved in older female rather than in young male patients (Figures 5.9 and 
5.10). Atrophic scars respond better than ice pick and hypertrophic ones, unless combination with CROSS 

FIGURE 5.7  The face is covered with bismuth subgallate antiseptic powder for 7 days.
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technique is combined. The deeper the procedure, the more signi�cant the result. Therefore, while with 
a phenol-based peel, a single or double treatment is required, TCA-treated patients are expected to have 
multiple sessions.

Nonfacial skin is a special challenge. Since the healing process is less effective on this skin, only milder 
peels are possible. Therefore, the results are usually less adequate.

In my opinion, future developments will include a combination of chemical abrasion of the facial skin 
with topical application of fractional ablative or non-ablative light technologies. Although promising, 
these technologies per se have not yet provided comparable results to chemical peels. With time, the 
appropriate combination will be found.

(a) (b)

FIGURE 5.8  A 32-year-old woman: (a) before and (b) 4 weeks after a deep peel (Exoderm method) combined with 
mechanical dermabrasion.

(a) (b)

FIGURE 5.9  A 56-year-old fair-skinned woman: (a) before and (b) 2 weeks after a deep peel combined with dermabrasion.
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Microdermabrasion and Dermabrasion

Annie Chiu, Deirdre Hooper, and Katherine O. Brag

Introduction

Mechanical skin resurfacing, which includes dermabrasion and microdermabrasion, involves using a 
handheld abrading instrument to remove layers of epidermis. The physical exfoliation process injures 
the skin, thereby triggering the stages of wound healing. By abrading atrophic or hypertrophic skin 
and inducing in�ammation, re-epithelialization, �broplasia, and collagen remodeling, the appearance of 
acne scars may improve. Dermabrasion, a more invasive and technically dif�cult procedure, involves the 
removal of skin down to the level of the papillary dermis. Microdermabrasion, a less aggressive technique, 
involves abrasion of the super�cial epidermis only.

Dermabrasion

History

Human interest in skin resurfacing has existed for centuries and continues to undergo both innovative and 
somewhat cyclical modi�cation. In 1500 bc, Ancient Egyptian physicians used sandpaper to �atten scars 
and sour milk baths to smooth dry, rough skin [1–3]. In 1905, Dr. Kromayer, a German dermatologist, 
�rst published an article describing his method of employing skin-planing instruments to improve the 
appearance of scars [4]. He described pre-treating the skin with local anesthetic and carbon dioxide 
“snow” to create a more turgid surface upon which to work. He used rotating handheld steel burs to 
smoothen smallpox and other traumatic scars [4,5]. His technique was expanded upon by Dr. Iverson, an 
American plastic surgeon, in 1947 when he reported successful removal of a traumatic facial tattoo using 
carpenter’s sandpaper wrapped around a piece of gauze [6]. In 1948, Dr. McEvitt described signi�cant 

KEY FEATURES

•	 Dermabrasion and Microdermabrasion can be utilized to alone or in combination to 
improve acne scarring.

•	 Mechanical skin resurfacing involves using a handheld abrading instrument to remove 
layers of the epidermis, triggering wound healing and collagen remodeling to improve 
the appearance of acne scars.

•	 Dermabrasion, a more invasive and technically dif�cult procedure, involves the removal 
of skin down to the level of the papillary dermis and is very effective but associated with 
a higher risk of complications.

•	 Microdermabrasion, a less aggressive technique, involves abrasion of the super�cial 
epidermis only and can improve milder scarring, especially when combined with 
simultaneous solution infusion. Most acne scar patients will require multiple treatments 
in combination with other modalities such as chemical peels and lasers.
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improvement in the appearance of acne scars using mechanical abrasion [7]. However, it was Dr. Kurtin, 
a dermatologist in New York City, who dramatically innovated and modernized dermabrasion starting in 
1953 [8]. Dr. Kurtin and Noel Robbins worked together to modify a dental device for use in dermabrasion 
[1,8]. Dr. Kurtin’s method involved pre-treating with ethyl chloride, an anesthetic and skin-hardener, then 
abrading with a motorized steel brush [8]. Robbins later went on to create the diamond fraise, a device 
still in use today [1]. Figure 6.1 illustrates some commonly used dermabrasion end-pieces.

In 1956, Dr. Burks, another American dermatologist, published Wire Brush Surgery in which he 
described his novel technique of employing a rotating wire brush to treat numerous conditions including 
rhytides, lentigines, acne keloidalis, and acne scars [9] (Figure 6.2). Then in 1957, he published a study 

FIGURE 6.1  Commonly used dermabrasion end-pieces. From left to right: wire brush, diamond fraise, cone-shaped 
diamond fraise. (From Harmon CB, Thiele JJ. In: Acne Scars. Tosti A, De Padova MP, Beer K, eds. London: Informa, 
2009, with permission [44].)

Counter-clockwise
rotation

Clockwise
rotation

FIGURE 6.2  Demonstration of dermabrasion technique using a wire brush. The instrument is moved in strokes 
perpendicular to the direction of wire brush rotation. Top right insert: counterclockwise wire brush rotation for a more 
aggressive approach, and clockwise wire brush rotation for a less aggressive approach. (From Harmon CB, Thiele JJ. 
In: Acne Scars. Tosti A, De Padova MP, Beer K, eds. London: Informa, 2009, with permission [44].)
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assessing wound healing after dermabrasion in approximately 1500 patients treated at the Tulane Medical 
Center in New Orleans [10]. Serial biopsies revealed epidermal regeneration from adnexal structures 
and remodeled connective tissue [10]. He subsequently reported on the use of microdermabrasion for 
solar damage [9,10]. Over time, studies further investigated the use and type of refrigerant coolants, 
applications of dermabrasion ranging from scar to traumatic tattoo treatment, anti-viral prophylaxis 
in patients with history of herpes labialis, pre-treating the skin with topical retinoid, and exercising 
caution in patients recently on oral isotretinoin [1]. To this point, dermabrasion was being used to reduce 
the appearance of scars that had often already achieved maturity at 6–12 months after scar formation. 
However, in 1988, Dr. Yarborough proposed dermabrading scars in the early post-injury period [11,12]. 
By treating young and still-evolving scars with dermabrasion, he found that scars could be essentially 
completely visibly effaced [12].

Pathophysiology

Dermabrasion removes skin layers until pinpoint bleeding is seen, indicating entry into the papillary 
dermis. By removing the entire epidermis, a partial thickness fresh wound is created and allowed to 
heal by secondary intention. Cell growth occurs from the wound bed upward, and from the lateral 
wound edges inward, with skin appendages being a main source of regenerative skin cells during the 
re-epithelialization process, hence the importance of abrading no deeper than the papillary dermis.

By creating a wound and inducing the three stages of wound healing (in�ammation, proliferation, 
and remodeling), the skin is forced to renew itself, with an end goal of improved texture and coloration 
[3]. In the in�ammation phase, platelets and extracellular matrix molecules form a �brin clot, which by 
releasing chemoattractants, draws neutrophils to the wound [13]. Leucocytes adhere to the wound bed and 
release proin�ammatory cytokines and angiogenic growth factors, attracting proliferative cells such as 
�broblasts and endothelial cells, to the site [13]. Additionally, early in the healing process, keratinocytes 
at the wound edge lose cohesivity as they are induced to migrate over the wound bed [13]. Keratinocyte 
proliferation is stimulated by epidermal and dermal release of keratinocyte growth factor and hepatocyte 
growth factor [13]. During the proliferative phase, activated macrophages and �broblasts converge to 
create granulation tissue [13]. Presence of macrophages and neutrophils also serves a key role in �ghting 
infection at the wound site [13]. In the �nal remodeling phase, transforming growth factor-β stimulates 
�broblasts to become myo�broblasts [3,13]. Myo�broblasts produce more collagen types I and III and 
over weeks to months, granulation tissue is converted to scar tissue, in�ammation subsides, and vascular 
structures may regress [13–15].

Dermabrasion has been shown, on a histologic level, to increase the density of collagen bundles, 
increase the amounts of collagen types I and III, promote regular collagen arrangement parallel to the 
epidermis, and homogenize and organize elastic �bers. These changes underlie the improved skin texture 
and �rmness noted after dermabrasion [14,15].

Indications

Despite the increase in popularity of laser resurfacing and chemical peels, dermabrasion remains the most 
effective treatment of acne scarring. Both atrophic and hypertrophic scars can be effectively dermabraded 
(Figure 6.3). For atrophic scars, the indentation itself and the adjacent normal tissue are abraded in order 
to blend and smooth the skin, creating a more even texture [16]. For hypertrophic scars, the excess scar 
tissue is abraded and an even plane is restored. Ice pick and boxcar acne scars are more likely to improve 
with dermabrasion than rolling scars [3,14]. Rolling scars are elongated, wide, ill-de�ned, and undulating 
due to scar tissue tethering the dermis to the subcutis [3]. Rolling scars may be better addressed with 
combination therapy such as subscision or punch excision followed by dermabrasion. Surgical or traumatic 
scars, burns, tattoos unresponsive to laser, rhinophyma, rhytides, benign adnexal neoplasms, lentigines, 
and actinic damage can also be treated with dermabrasion [17].

Surgical scars should be treated 6–8 weeks following the inciting operation, as shown by Yarborough 
and colleagues [11,12]. Numerous studies have con�rmed this, particularly as it applies to treatment 
of Mohs surgery scars [18]. One split-scar model study showed the best outcomes when surgical scars 
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were treated at the eighth post-operative week [19]. Interestingly, Emsen found that treatment of burns 
with manual dermasanding should be done soon after burn injury and reported impressive results after 
dermasanding facial second degree super�cial and partial deep burns in a child one day after the burn 
had occurred [20]. Hence, when to perform dermabrasion for scars varies by cause—for surgical scars, 
treatment at 6–8 weeks post-operative produces impressive results, and for burns, earlier is better.

Patient Selection and Pre-Operative Considerations

Before performing dermabrasion, certain measures can be taken to optimize outcomes and promote 
patient and provider safety. At the initial consultation visit, physicians must clearly explain the details 

(a) (d)

(b)

(c)

(e)

FIGURE 6.3  Dermabrasion for acne scars (a–e). Severe acne scarring in an African American man before dermabrasion 
(a), immediately after dermabrasion (b) and 4 weeks after dermabrasion (c). Moderately severe acne scarring in a Caucasian 
woman before dermabrasion (d) and 12 weeks after dermabrasion (e). (From Harmon CB, Thiele JJ. In: Acne Scars. Tosti A, 
De Padova MP, Beer K, eds. London: Informa, 2009, with permission [44].)
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of the procedure as well as the intensity of post-operative wound care. If a patient has a history of poor 
medical adherence, appointment attendance, or sun protection practices, dermabrasion should not be 
performed.

Dermabrasion should not be performed in patients with a history of any of the following: 
dyspigmentation,  keloid formation, a bleeding disorder, active Koebnerizing skin disease, active 
severe rosacea or acne, or isotretinoin use in the last 6–12 months. Exercise caution when considering 
dermabrasion in patients with a history of immune suppression or chronic illness that may predispose to 
wound infection or impaired wound healing. In these instances, the decision to proceed must be made 
on a case-by-case basis. If there is an active infection or open wound in the intended treatment area, 
dermabrasion should be postponed. Re-treatment of a previously dermabraded area should be done no 
earlier than 12 months after the prior treatment [3,16].

Physicians may consider placing patients on a topical retinoid for 2–3 weeks before treatment to 
stimulate faster keratinocyte turnover. If the patient has a history of herpes labialis, anti-viral medication 
can be prescribed for 2–3 days before dermabrasion as outbreak prophylaxis. Anxious patients may 
bene�t from oral or intramuscular sedation on the day of the procedure [3].

Equipment and Technique

Dermabrasion can be manual or motorized. Manual dermabrasion, also known as dermasanding, uses 
silicon carbide sandpaper of varying degrees of coarseness to resurface the skin. The paper can be 
purchased at the hardware store and sterilized in-of�ce, or bought already sterilized and sealed [21]. 
An equally inexpensive alternative is a cautery-tip scratch pad—scratch pads, given their use in sterile 
operating room settings, come sterilized and sealed [22,23]. The scratch pad surface abrasiveness is 
between that of 100- and 60-grit sandpaper [22,23]. However, there is no difference in outcome or ability 
to reach ideal histologic depth when using the scratch pad versus sandpaper [21,24].

The paper or pad can be held in the physician’s hand directly, or wrapped around a syringe barrel or 
piece of gauze for ease of use [23,25]. The paper or pad is moistened with saline before being applied to 
the skin. Sandpaper varies in coarseness: �ne (#400), medium (#220–320), or coarse grade (#180) [16]. 
Coarser-grade paper is made of larger grit particles and is better suited to the initial debulking passes 
over the skin [16]. Finer grade paper is made of smaller grit particles and is better suited to smoothing 
and feathering after the more aggressive passes have been made [16].

There are many bene�ts of manual dermasanding. First, the technique is thought to provide better 
textural blending, especially around the eyes and mouth [16,18,21]. Additionally, there is no blood 
splattering or aerosolization of particles with manual dermasanding. Sensitive areas, such as eyelids, the 
vermilion border, and lobules cannot get caught in the device as can happen with mechanized instruments 
[16,18,21]. Finally, the equipment is inexpensive, easy to set up and operate, and requires no maintenance 
as it is disposed of with each use [16,18].

Despite resurgence in popularity of manual dermasanding, the development of motorized dermabrasion 
revolutionized the technique, allowing for faster and less physically demanding resurfacing of larger skin 
areas. This process requires both a motorized unit and an attachable abrasive tip. The more common power-
driven units are the Bell Handengine (Bell International), the AEV-12 hand engine (Ellis International), 
and the Osada Surgical Handpiece (Osada, Inc.). The most common abrasive tips are the diamond fraise 
and the wire brush. The fraise is a metal cylinder of varying heights and circumferences encrusted 
with industrial-grade diamond fragments. The wire brush is a cylinder with protruding circumferential 
thin metal wires angled in the same direction. The brush is considered the more aggressive modality, 
achieving deeper abrasion with each pass than the fraise. For this reason, however, caution must be used 
with a wire brush to maintain an appropriate and consistent level of injury [3,16].

On the day of treatment, patients should present without makeup or jewelry on the intended treatment 
area. The patient should lie in the supine position. The treatment area should be cleansed, and then 
degreased using rubbing alcohol to remove any oil, residual makeup, or sunscreen from the skin. Both 
the patient and provider should wear eye protection. Anesthesia can be achieved with nerve block, local 
injection, tumescent anesthesia, or cryoanesthesia techniques. The skin should then be sterilized with 
chlorhexidine, being sure to avoid contact with the eyes and ears. Finally, the area can be covered with 
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sterile drapes. With the motorized technique, pre-treatment of the area with a refrigerant spray provides 
a hard, consistent surface upon which to work [3,26].

To treat an area, the skin should be stretched between two �ngers of the provider’s non-dominant 
hand. The abrasive instrument, held in the provider’s dominant hand, should be contacted with the skin 
and then moved linearly back and forth or in small circular motions over the treatment area. If using 
a diamond fraise motorized device, the tip should be run over the treatment area perpendicular to the 
direction of tip rotation. If using a wire brush, the wires protrude at an angle and are all pointing in the 
same direction. Less aggressive abrasion occurs when the rotation of the tip is in the same direction 
of the angulation of the wires. More aggressive abrasion occurs when the rotation of the tip is in the 
opposite direction of the angulation of the wires. Just as with the diamond fraise, the brush should be 
run over the skin perpendicular to the direction of the brush rotation. With all abrading instruments, the 
abrasive material should be passed over an area only until pinpoint bleeding is seen, indicating entry 
into papillary dermis. Areas with pinpoint bleeding should be abraded no further to prevent removal 
of adnexal structures and scar formation. If �brous debris is seen, this indicates injury at the level of 
the reticular dermis. Throughout the procedure, blood and debris should be continuously wiped from 
the skin with wet cotton towels to keep the surgical site clean and visible. When using sandpaper, 
any residual silicon carbide particles remaining on the skin must be cleaned off to prevent formation 
of a pigmented tattoo. The face should be treated by cosmetic subunit with the central face being 
treated last [3].

Post-Operative Considerations

After the abrasion is complete, the entire surface should be gently wiped with a cotton towel. Then, 
gauze soaked in lidocaine/epinephrine can be applied to the skin to mitigate any post-operative stinging. 
Firm pressure should be held to more heavily bleeding areas for at least 10 minutes. A petrolatum-based 
ointment should then be applied to the treated area and a semipermeable dressing or full-face mask should 
be put in place. For the �rst 2–3 days, patients should present to the clinic daily to have the dressing 
changed. This can be quite painful and may require local anesthesia. Initial close in-of�ce follow-up is 
essential for infection monitoring, dressing changes, wound-care discussions, and progress evaluation. 
After the third or fourth post-operative day, patients can start open wound care at home. The area should 
be soaked in 0.25% acetic acid four to six times daily with gentle debridement using a moistened cotton 
swab if needed. The acetic acid solution is used for both its antimicrobial and mild debridant properties. 
After each soak, ointment must be re-applied and a non-occlusive gauze dressing put in place. Patients 
should be warned that erythema and edema can be very pronounced in the �rst few hours to days 
following dermabrasion; nonsteroidal anti-in�ammatory drugs and ice packs may alleviate the swelling 
and discomfort. As healing begins, pruritus may occur and should be treated with an anti-histamine 
medication to prevent scratching. At approximately the seventh post-operative day, re-epithelialization 
is nearly complete and the ointment can be exchanged for a thick moisturizer impregnated with SPF30+ 
sunscreen or physical sunblock [3].

Patients should be informed that erythema in the area may last for 2–4 months as tissue remodeling 
occurs. Disproportionate erythema or �rm, �brotic induration may indicate hypertrophic scar formation. 
Strict sun avoidance for 3–6 months after dermabrasion is essential [3].

Complications

Potential complications of dermabrasion include infection, scar formation, dyspigmentation, acne �are, 
and milia formation. Of these, acne �are and milia formation are the most likely but also the most 
treatable. Milia formation is a common complication of dermabrasion and typically occurs 3–4 weeks 
after the procedure. Extraction is an easy and effective means of treatment. Acne can be treated with 
appropriate medications but irritating or exfoliating topical treatments should be avoided until full 
re-epithelialization has occurred [3].

Infection and scar formation are the more concerning potential complications. Close post-operative 
follow-up allows for early detection and treatment of these conditions. Signs of infection include 
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purulence, malodor, ulcerations, and frank abscess. If suspected, empiric antibiotics should be started 
with appropriate de-escalation depending on bacterial sensitivity if a culture swab is performed. At 
the earliest signs of scar formation, such as skin hardening or disproportionate erythema in the �rst 
2–3 weeks, the area should be treated with super potent topical steroids. If there is persistent erythema 
or �rm induration at 2–4 months, this may herald hypertrophic scar or keloid formation and demands 
immediate treatment with intralesional triamcinolone injections. If hyperpigmentation is noted, patients 
may begin combination treatment with hydroquinone and a topical retinoid as soon as 3–4 weeks after 
dermabrasion and continue for 4–8 weeks. In patients with darker Fitzpatrick types, hypopigmentation 
may occur and can be treated with a 305 nm excimer laser (Harmon). This should not be confused 
with pseudohypopigmentation in which the treated skin appears lighter than adjacent, untreated, sun 
damaged skin. Again, sun protection is of the utmost importance in minimizing long-term discoloration 
following dermabrasion. Camou�age makeup can be worn on patients with persistent post-operative 
dyschromia [3].

Results

If a well-trained dermatologic surgeon performs dermabrasion on the appropriate patient, the outcomes 
are excellent. Dermabrasion remains the gold standard for treatment of facial acne scarring. The clinical 
and histologic impact of dermabrasion is well-established. Pre- and post-dermabrasion biopsies revealed 
that after dermabrasion, there is an increase in dermal collagen bundle density and collagen bundles are 
arranged parallel to the skin surface [3]. Additional studies have con�rmed that dermabrasion leads to 
increased deposition of collagen types I and III and homogenization of elastic �bers in the dermis [15]. 
Dermabrasion has been found to be superior to trichloroacetic acid (TCA) peels on a histopathological 
level [15]. While some argue that fractional ablative laser treatment is safer and produces less erythema 
than dermabrasion, both modalities have been shown to be equally as effective in treating post-surgical 
scars [27]. Studies have shown that manual dermasanding and motorized dermabrasion are equally as 
effective in reducing the appearance of surgical scars but that manual dermabrasion may be better in 
more sensitive areas, such as around the eyes and mouth, and that motorized dermabrasion may be better 
for larger surface areas, such as the entire face or an extremity [28,29].

Dermabrasion is a technically dif�cult procedure with the potential to produce suboptimal results if 
done too super�cially and scarring if done too aggressively. Today, primarily dermatologic and plastic 
surgeons perform dermabrasion. Physicians should undergo intensive training with a skilled mentor 
before employing this technique independently as results vary greatly with provider experience and 
technical ability.

Microdermabrasion

Background

Microdermabrasion is a commonly performed super�cial skin resurfacing treatment. In 2002, over one 
million patients underwent microdermabrasion in the United States [30]. Despite the steady increase in 
laser therapy resurfacing modalities and availability, microdermabrasion remains a popular aesthetic 
procedure, with an estimated average of at least 500,000 patients being treated annually [2]. Compared 
with dermabrasion, ablative laser therapy, and deeper chemical peels, microdermabrasion is relatively 
quick, inexpensive, non-invasive, and low-risk, all of which contribute to its persistent popularity among 
patients and providers.

In 1985, the Italian company, Molimed Engineering, created the first negative-pressure 
microdermabrasion unit. In 1988, Monteleone described using this new technique to treat facial scarring. 
By the early 1990s, the United States Food and Drug Association granted microdermabrasion devices 
an exempt status, leading to a surge in device manufacturing and usage. Microdermabrasion devices are 
now commonly found both in physicians’ of�ces and non-medical aesthetic spas and microdermabrasion 
remains one of the frequently performed cosmetic procedures in the United States [30].
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Pathophysiology

Microdermabrasion is intended to remove super�cial layers of the epidermis. Treatment involves direct 
exfoliation with an abrasive instrument and aspiration of debris with a vacuum instrument. In theory, 
minor skin injury is being induced by both the abrasion and suction elements of treatment [2,16].

With the appropriate device settings, the stratum corneum, stratum granulosum, and partial stratum 
spinosum may be exfoliated. With each pass of the abrasive device across the skin surface, approximately 
10–15 µm of epidermis are removed [2]. Two passes removes the stratum corneum, and four passes 
penetrates and partially abrades the stratum granulosum [2]. Microdermabrasion is neither designed nor 
intended for full-epidermal abrasion, as is the case for dermabrasion. However, the two modalities both 
seek to trigger the phases of skin healing to produce a more consistent, smooth, evenly pigmented skin 
surface. Given the super�ciality of microdermabrasion, the “wound” created by treatment is thin and 
relatively bloodless, hence wound repair response is minimal compared with that of dermabrasion [2].

Biochemical and histological impact of microdermabrasion remains controversial. While studies 
have consistently shown transient changes in biochemical levels and epidermal architecture following 
microdermabrasion, permanence and depth of these changes appears limited [31–37]. In the days 
immediately following treatment, a more compacted stratum corneum with improved barrier function 
develops [2,31]. This is likely why patients and clinicians note improved skin smoothness and �rmness 
in the immediate post-treatment period. These changes, however, appear to last only 1–2 weeks after 
treatment [30]. Karimipour and colleagues argue there is no change in epidermal barrier function 
indicated by stable levels of acetyl-conenzyme A (CoA) carboxylase and β-Hydroxy β-methylglutaryl-
CoA reductase before and after treatment [32]. Investigations by Tsai et al. and Shim et al. analyzing 
skin biopsies on post-treatment sites noted super�cial dermal edema and increased elastin, respectively 
[36,37]. Some researchers attribute this to the negative-pressure component of treatment rather than the 
abrasive component, but this has not yet been proven.

Changes in collagen types, density, and morphology following microdermabrasion have also been 
reported. Hernandez-Perez and Ibiett reported increased dermal �brillar collagen, elastin, and rete 
formation after microdermabrasion in a small patient group [38]. Conversely, others have found 
increased levels of mediators of collagen production and remodeling but no change in dermal structure 
following treatment [34,35]. Karimipour and colleagues investigated the biochemical changes induced 
by microdermabrasion, and found that there were increased levels of wound healing factors including 
activator protein 1 and nuclear factor kappa B after a single microdermabrasion treatment [32,33]. They 
also reported increased levels of matrix metalloproteinases, mediators of collagen and extracellular 
matrix remodeling. However, they did not �nd an increase in collagen types I or III [32,33].

Patient Selection and Pre-Operative Considerations

Microdermabrasion is most commonly used to treat the following conditions: dry or rough skin, �ne lines 
and wrinkles, solar damage, hyperpigmentation, and acne scarring [2,16,33,39]. Given the super�ciality of 
abrasion with this modality, very shallow acne scars are more likely to improve with microdermabrasion 
than are rolling or hypertrophic scars. Additionally, acne scar patients considering treated with 
microdermabrasion should be counseled on variability outcomes and likely need for multiple regularly 
spaced treatments [2]. Acne scars may be better treated with any combination of microdermabrasion, 
chemical peels, and laser treatment, or with microdermabrasion with solution infusion [2,16,40–43] 
(Figures 6.4 and 6.5).

Patients of all Fitzpatrick types can undergo microdermabrasion, as the risk of hyperpigmentation after 
treatment is low [2]. However, caution is advised when treating patients with Fitzpatrick types IV–VI 
as hyperpigmentation is more likely in these patients [30]. Patients with an active skin infection at the 
potential treatment site, a history of keloids, isotretinoin use within the last 6–12 months, a history of a 
bleeding disorder, active koebnerizing skin disease, active severe rosacea or pustular acne, or poor sun 
protection practices should not undergo microdermabrasion [2].

Patients with a history of herpes labialis may receive a course of prophylactic anti-viral medication for 
2–3 days before microdermabrasion. Patients must be advised to wear sunscreen judiciously throughout 
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the treatment course and should avoid any chemical peels, depilatory treatments, or direct sun exposure 
to the treatment area starting at least 2 weeks before microdermabrasion [2].

Equipment

There are two essential functions of a microdermabrasion device: negative pressure and exfoliation. 
The negative pressure component of the device draws the treated skin into the abrasive component, 
providing �rm contact between the skin and abrasive element and also aspirating loose particles and 
skin debris off of the skin surface. These contents are emptied into a waste container within the device. 
There are two main types of abrasive elements that are used: �owing crystals or diamond-tipped pads. 
The most commonly used crystals are aluminum oxide, measuring 100 µm wide (Tan). These very hard 
and insoluble particles have multifaceted sharp edges, making them effective abrasive elements (Tan). 
Crystals are blown across the skin and then aspirated back into the device along with cellular debris via 
negative pressure. Some such devices are the UltraPeel Crystal and UltraPeel II (Mattioli Engineering), 
MegaPeel Gold (DermaMed International) and ParisianPeel (Aesthetic Technologies). Crystal �ow and 

FIGURE 6.4  Results of microdermabrasion with solution infusion. Improvement in the appearance of acne and acne 
scarring after multiple treatments with microdermabrasion and Dermalinfusion using the SilkPeel device. (Photographs 
courtesy of Envy Medical.)

FIGURE 6.5  Results of microdermabrasion with solution infusion. Improvement in the appearance of acne and acne 
scarring after multiple treatments with microdermabrasion and Dermalinfusion using the SilkPeel device. (Photographs 
courtesy of Envy Medical.)
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negative pressure can be adjusted to alter how aggressive treatment is. Slower �ow and less negative 
pressure both decrease the degree of abrasion [2].

Crystal-free devices have become increasingly common, as they circumvent issues associated with 
using loose crystals, such as residual dusty debris and potential ocular irritation. Diamond-tipped pads 
of varying coarseness can be attached to a device to achieve different, although still super�cial, levels 
of abrasion. These heads are often reusable with sterilization after each use. Crystal-free devices may 
incorporate an infusion element in which medicated solutions are applied to the abraded skin. The solutions 
can target hyperpigmentation (hydroquinone, kojic acid, decapeptide-12), rosacea or acne (erythromycin, 
salicylic acid), dryness/roughness (glycerin, hyaluronic acid), or photodamage (vitamin C). This technique 
is called dermal infusion and one such device is the SilkPeel Dermalinfusion (Envy Medical). Another 
device, the MegaPeel EX (DermaMed International) allows for either crystal or pad modalities to be used. 
Certain combination devices have incorporated ultrasound or light-emitting diodes into treatment [2].

Technique

On the day of treatment, patients should present without makeup or jewelry on the intended treatment 
area. The treatment area should be cleansed, and then degreased using rubbing alcohol to remove any oil, 
residual makeup, or sunscreen from the skin. Both the patient and provider should wear eye protection, 
especially if a loose crystal-based system is being used. When treating the face, the patient should wear 
a hairband or surgical cap to keep hair away and improve visibility of the treatment area. No anesthesia 
is needed. Patients should rest in the supine position [2].

Before beginning, the device settings should be carefully determined. For crystal systems, higher 
crystal �ow rate, higher vacuum pressure, and higher manual downward pressure of the device on the 
skin increase the depth of abrasion. For diamond-pad devices, coarser grit pads and higher vacuum 
pressure increase the depth of abrasion. For all devices, more passes over a speci�c area increases the 
depth of abrasion. If solution infusion will be incorporated, the appropriate solutions should be chosen. 
Two solutions for two different conditions can be used with one solution being applied during each of the 
two treatment passes [2].

To treat an area, the skin should be stretched between two �ngers of the provider’s non-dominant 
hand. The device, held in the provider’s dominant hand, should be gently contacted with the skin, and, 
using even pressure, passed slowly over the treatment area parallel to the tension line produced by 
stretching the skin. It is important to note that with diamond-pad devices, exfoliation does not occur 
unless the device is moving. Two complete passes over an area are recommended. The second pass 
should move in strokes perpendicular to those of �rst pass. Passes are made starting medially and 
ending laterally. The eyelids and mucosal lips should not be treated. Mild erythema indicates suf�cient 
treatment of an area. If there is pain (beyond mild discomfort), bleeding, petechiae or purpura, the 
treatment is too aggressive [2].

After treatment, patients must practice judicious sun protection for at least 2 weeks. Patients may note 
dryness, redness, and tingling lasting for a few days after treatment. Typically, patients undergo one 
microdermabrasion treatment every 2–4 weeks for six treatments. Maintenance treatments can be done 
at longer intervals. For certain conditions, especially acne scarring, �fteen or more treatments may be 
needed to see improvement [2,16,30].

Results

Patients are generally very satis�ed with the outcomes of microdermabrasion and report improved skin 
texture and coloration after one treatment [30]. However, multiple treatments are needed to achieve 
more noticeable clinical improvement. Studies have shown that patients and lay people but not clinicians 
noticed reduction in �ne lines and wrinkles after eight once-weekly treatments [30]. Improvement in the 
appearance of sun damaged skin (solar lentigines, dullness, �ne lines) and acne with microdermabrasion 
with the application of topical solutions occurs after at least six microdermabrasion treatments in most 
reports [2,30,39]. Microdermabrasion with Dermalinfusion of a skin lightening solution may improve 
post-in�ammatory hyperpigmentation after just four treatments [42] (Figure 6.6).
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To reduce the appearance of acne scars, more than six treatments are generally needed [2,30]. Tsai et al. 
found that patients required an average of nine treatments when using aluminum oxide crystal devices to 
reduce the appearance of all kinds of facial scarring [36]. However, to obtain good-to-excellent results, 
the study found acne scar patients needed an average of 15 treatments and some patients needed as many 
as 40 treatments to see results [36]. Another study by El-Domyati and colleagues investigated the clinical 
and histologic impact of microdermabrasion on melasma, acne scars, and striae distensae after eight 
treatment sessions [31]. In the melasma group, mild-to-moderate improvement in dyspigmentation was 
noted clinically and decreased melanization and more regular distribution of melanosomes was noted 
histologically [31]. In the acne scar group, patients with super�cial erythematous acne scars showed the 
greatest improvement compared with patients with rolling, ice pick, or boxcar scars [31]. Histologically, 
these patients had more regular collagen bundle arrangement and increased collagen density, but no 
change in elastic �ber density or arrangement [31]. In the striae distensae group, erythematous lesions 
responded better than hypopigmented lesions; there was no statistically signi�cant difference in epidermal 
thickness but again, these patients had more regular collagen bundle arrangement and increased collagen 
density [31].

Combination resurfacing treatments, such as a combination of microdermabrasion with chemical 
peeling, or microdermabrasion with laser therapy, may provide better results [40–43]. Lee and colleagues 
found that the combination of a 595 nm pulsed-dye laser, 755 nm alexandrite laser, and microdermabrasion 
improved the roughness and brawny discoloration associated with keratosis pilaris [43]. Another study 
found that both microdermabrasion treatments and salicylic acid treatments increase dermal collagen 
but that salicylic acid is slightly superior [41]. A combination of microdermabrasion followed by 5% 
retinoic acid peel was found to improve the clinical appearance of sun damaged skin better than 
microdermabrasion alone and both were well-tolerated and safe [40].
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Fillers for Acne Scarring
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Acne and the Impact of Scarring

Acne is one of the most common in�ammatory skin diseases, affecting nearly 80% of adolescent boys 
and girls [1]. Unfortunately, most cases lead to scarring that persists into adulthood, causing psychological 
distress. While different therapies have previously been used, such as chemical peels or microneedling, 
the advent of �llers has opened a new �eld of revolumizing atrophic acne scars, that is, rolling or boxcar 
type of scars. Many studies have demonstrated that injectable �llers have been effective for the treatment 
of atrophic scars, and some have evaluated the long-term outcomes.

In this chapter we will focus on the different types of dermal �llers and fat transfer techniques used 
for the purpose of volumizing atrophic scars. There are several variables that contribute to the unique 
qualities and clinical effects of �llers, including particle size, degree of high-molecular-weight hyaluronic 
acid (HA) versus low-molecular-weight HA, HA concentration per mL of gel, cross-linked versus free 
HA, HA alignment, viscosity, cohesiveness of a gel, extrusion force, gel hardness (G′), or rheological 
(�ow) properties, as measured by stored energy deferred upon passage through a syringe and then restored 
to an expanded viscoelastic state. Table 7.1 lists the properties of commonly used United States Food and 
Drug Association (FDA)-approved HA, calcium hydroxylapatite (CaHA), poly-L-lactic acid (PLLA) and 
polymethylmethacrylate (PMMA) �llers in the United States.

Dermal �llers can be divided into temporary (i.e., HA �llers), semi-permanent (lasting up to 2 years) 
(i.e., CaHA and PLLA), and permanent (lasting longer than 3 years) (i.e., PMMA), and there is also 
the option of fat transfer. Given the varying facial de�cits, skin thickness among patients, and different 
biochemical properties of each injectable, certain dermal �llers are best suited for the each type of scar 
and region of the face.

KEY FEATURES

•	 The advent of �llers has provided a new host of approaches to atrophic acne scarring 
which can be a psychologically distressing condition.

•	 The properties of each �ller (i.e. particle size, cross-linking, gel hardness) allow them to 
target certain types of scars better than others.

•	 Hyaluronic acid is the most commonly used temporary �ller for the treatment of acne 
scars and can be injected immediately beneath the scars.

•	 Calcium hydroxylapatite and Poly-L-lactic acid are semi-permanent �llers with a 
biostimulary effect that increases collagen production. Thus, these �llers can be useful 
for a greater extent of dermal atrophy.

•	 Polymethylmethacrylate (PMMA), also known as Bella�ll, is the only dermal �ller on the 
market that is approved for the treatment of acne scars. Due to the use of bovine collagen, 
a skin test is required prior to injection.

•	 Autologous fat transfer can be useful for acne scarring if attempting to replete signi�cant 
areas of volume de�cit in the face.
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Temporary Fillers

Collagen

Historically, some of the earlier �llers that were used by practitioners were known as the human- or 
bovine-derived collagen �llers. Zyderm is a bovine-derived collagen �ller. It is injected with a 30- to 
32- gauge needle into the super�cial papillary dermis, and hence it works well for super�cial etched-in 
lines. Zyderm is not highly favored by injectors as it is short lasting (3–5 months) and requires prior skin 
testing. Cosmoderm and Cosmoplast are made of collagen derived from human �brocytes. They are the 
only FDA-approved dermal �llers that contain human collagen; however, they have been stripped of any 
antigenic determinants so that skin testing is not required. Unfortunately, �u-like symptoms have been 
seen in up to 4% of patients treated with the human-derived collagen �llers, and these �llers should not 
be injected if a patient has had an allergic reaction to lidocaine in the past.

While Cosmoderm is injected into the super�cial papillary dermis, Cosmoplast is injected into the 
mid-to-deep reticular dermis. Also, Cosmoderm is diluted with saline and requires overcorrection [2]. 
Thus, while Cosmoplast works well for facial lines and the vermilion borders of lips, Cosmoderm can be 
used over it to treat the remaining �ne lines. Today, most practitioners do not use these types of �llers, 
and there are no studies that recommend their use for acne scars.

Hyaluronic Acid

HA �llers are temporary �llers composed of glycosaminoglycan polysaccharides. They are most 
commonly used to add volume to the aging face [3]. Non-animal-derived synthetic HA is the most 
commonly used injectable HA, and is generated from bacterial (Streptococcus) fermentation. Once 
puri�ed, the polymer chains are cross-linked for stability. It is this cross-linking procedure, and its 
variation both in percentage and technique, that determines the monophasic or biphasic nature of the 
resulting injectable. When the HA and cross-linking polymers are synthesized by mixing in a single 
step, they are monophasic monodensi�ed �llers, such as Juvederm Ultra XC, Juvederm Ultra Plus XC, 
Juvederm Volbella XC, Juvederm Vollure XC, and Juvederm Voluma XC. If additional HA of a different 
density is added after the initial step, the �ller is considered poly-densi�ed, such as Belotero. Biphasic 
gels are “sized” in a process by which cross-linked HA is pushed through a specially sized screen and 
broken into pieces, with small-sized pieces making up Prevelle Silk and Restylane Silk, medium-sized 
pieces made into Restylane, and larger ones made into Restylane Lyft. These particles are suspended in a 
noncross-linked HA, which acts as a lubricant. HA gels that have the same amount of HA concentration, 
but vary in the degree of cross-linker added, and then are passed through a sieve for a smaller particle 
gel, makeup Restylane Refyne and a larger particle gel makeup Restylane Defyne. The most signi�cant 
difference between the injectable �llers in this category is the size of the particles.

The majority of HA gels are approved for the correction of moderate-to-severe facial wrinkles and 
folds, such as the nasolabial folds, while some have an indication for lip augmentation and the correction 
of moderate-to-severe midface volume loss. HA gels are routinely used for many facial indications, 
including the temple and infra-orbital hallows, jawline and chin volume loss, nasal contour, as well as 
acne scars (Figures 7.1 and 7.2).

Although they are identi�ed as temporary �llers, the injection of HA �llers into the deep layers of 
dermis has been shown to stimulate �broblasts to produce collagen, and this can lead to a permanent 
bene�t with little to no side effects [4]. Interestingly, even as the individual molecules of HA are degraded 
over time, the remaining molecules are able to bind more water and thus maintain the original volume of 
the �ller until the last molecule has been degraded [2].

In one study, a 39-year-old woman with a combination of rolling-type, boxcar, ice pick, and broad 
atrophic scars, totaling 58 scars, received treatment with 1.05 mL of HA �ller, Juvederm Voluma (20 mg/
mL, Allergan Australia, Sydney New South Wales, Australia). A 31-gauge needle on an insulin syringe 
was positioned at 90° into the deeper dermis of each scar. About 0.02–0.04 mL of product was injected 
with a gradual tapering retrograde deposition “tower technique” as the needle was withdrawn in order 
to inject more product closer to the skin surface, creating a pyramid-like pillar of product under the 
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skin. The process was repeated again in 2 weeks. One month after the treatment, the patient’s number 
of atrophic scars had been decreased to 10, which is nearly an 83% decrease in the number of atrophic 
scars. In another study the authors treated a total of �ve patients in their study (aged between 19 and 
40 years), with an average of 48.8 atrophic scars before treatment. After two treatments in a month, the 
number of scars decreased by 68% to 15.4 scars. The mean volume of �ller required for the corrections 
of scars was 1.144 mL during the �rst treatment and 0.525 mL during the second treatment [5]. This 
study demonstrated that Juvederm Voluma was a safe and ef�cacious tool for the temporary correction 
of atrophic scars from acne.

In a review paper by Fife [6], HA �llers were preferred for injecting directly under the acne scars, such 
as rolling scars, whereas volumizing �llers such as PLLA or CaHA, which will be discussed later in this 
chapter, are better for addressing the deep tissue atrophy that brings attention to the acne scars. The cross-
linked HA �ller can be injected with a cross-hatching approach or depot injection under the scar. The 
types of acne scars that respond the best to HA �llers would be broad, rolling scars that are distensible 
and soft. If there is signi�cant �brosis under the acne scars, the HA �ller should be injected carefully in 
order to avoid uneven deposition of �ller, leading to uneven appearance of nodules and possible extrusion 
of �ller material into the nearby tissue [6].

(a) (b)

FIGURE 7.1  (a) Left and (b) right view of patient before (top) and after (bottom) a combination of fractionated carbon 
dioxide with Belotero for the improvement of boxcar scars. (Courtesy of Sabrina Fabi).

(a) (b)

FIGURE 7.2  (a) Before and (b) after treatment with a HA-based �ller. (Courtesy of Gabriella Fabbrocini).
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Semi-Permanent Fillers

Calcium Hydroxylapatite

CaHA is a milky white facial implant comprised of two components: (1) an aqueous gel carrier containing 
water, glycerin, and sodium carboxymethylcellulose, and (2) the matrix. Once the carrier dissipates, the 
matrix, composed of CaHA microspheres, provides the augmentation. Nonporous, ceramic CaHA, and 
macroporous CaHA (which has a highly organized pore structure with pores varying from 10 to 500 µm) 
permit osseointegration. Nonceramic CaHA cement is widely used in reconstructive surgery to repair bony 
defects as CaHA is a nonallergenic (inert) bioceramic that is identical to the primary mineral constituent found 
in bone and teeth. CaHA facial implants (Radiesse and Radiesse +) are microporous, with a particle size of 
20–45 µm and pore size of only 2–5 µm, too small to promote �brovascular ingrowth and bone formation. 
To date, there are no documented cases of bone formation when CaHA is injected into subcutaneous tissue, 
nor when injected along the periosteum. CaHA has been found histologically to promote neocollagenesis 
in the deep dermis and subdermis anywhere from 16 to 78 weeks after injection [7,8].

CaHA is approved for correction of moderate to severe facial wrinkles and folds, such as the nasolabial 
folds [9] but is routinely used for many facial indications, including the temples, midfacial volume loss, 
jawline, and chin augmentation. Lip augmentation is a contraindication, as there is a recognized tendency 
for the CaHA �ller to move easily along the orbicularis oris muscle and has a greater propensity to form 
mucosal granulomas.

In a study by Goldberg et al. [10], 10 patients (aged between 18 and 60 years), with at least one 
saucerized acne scar, were treated with CaHA (Radiesse; Merz, Raleigh, NC, USA). Using a 27-gauge 
needle, the dermal �ller was injected into the mid-to-deep dermis of the acne scar. The total amount of 
�ller used ranged from 0.1 to 0.3 mL per treatment session and results were evaluated 12 months after 
injection by a non-treating physician. The authors used 0.8 cc syringes and added 0.1–0.2 cc of lidocaine 
to dilute the product. Six patients were rated as having 50%–75% improvement in scar appearance, three 
subjects showed >75% improvement, and one subject showed between 25% and 50% improvement in the 
saucerized scars [10]. Due to the overall biostimulatory nature and longevity of the product, Radiesse can 
be considered an effective option for treating certain acne scars [11].

Poly-L-Lactic Acid

PLLA is a biocompatible and biodegradable synthetic polymer of lactic acid. It was initially approved 
by the FDA in 2004 for human immunode�ciency virus (HIV) lipoatrophy, however, it soon became 
approved in 2009 as Sculptra Aesthetic (Galderma, Dallas, TX, USA) for cosmetic concerns such as 
shallow-to-deep nasolabial fold contour de�ciencies and other facial wrinkles. PLLA is produced through 
corn dextrose fermentation and prepared as micronized lipophilic PLLA with an average particle size of 
4–63 µm. Each glass vial contains 367.5 mg of PLLA in a suspension of sodium carboxymethylcellulose 
and nonpyrogenic mannitol. Reconstitution with 7–8 ccs of bacteriostatic water and 1 cc of lidocaine 
1% with or without epinephrine 1:100,000 always occurs at least 2 hours prior to injection, but is ideally 
done overnight [2,12,13]. Technically, the manufacturer recommends sterile water for the reconstitution. 
However, the vast majority of physicians use preservative (bacteriostatic water) because the preservative 
makes the injection process less painful for the patient.

Studies have demonstrated a reactive process in the skin after injection with PLLA that leads to increase 
in collagen and dermal thickness that lasts up to 2–3 years [14], and hence characterizes PLLA as a 
biostimulating volumizing agent. Unlike the other �llers, PLLA does not have instantaneous effects as it 
relies on the formation of one’s own collagen that begins between 4 and 6 weeks after injection [15]. Optimal 
areas for PLLA injection include nasolabial folds, medial and later cheeks, and temples. The material is 
injected into the subcutaneous plane in the nasolabial folds, and medial and lateral cheeks, as well as a 
supraperiosteally in the temporalis fossa, pyriform fossa, and along the zygoma [2]. Twenty-�ve- or 26-gauge 
needles with varying lengths can be used [16]. Since it is often deep tissue atrophy that accentuates the 
appearance of acne scars, Sculptra or Radiesse can be injected diffusely into the atrophic areas, similar to 
the technique utilized for correction of HIV-associated lipoatrophy [6]. Certain areas such as the lips, neck, 
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periorbital area, and dorsum of the hand should not be treated with PLLA as there is a higher rate of adverse 
effects such as small <5 mm subcutaneous papules [17]. Successive treatments should be spaced at least 4 
weeks apart in order to avoid overcorrection. After the treatment session, the patient is advised to follow the 
“5-5-5” rule: massage the treated area for “5” minutes, “5” times daily, and for “5” days.

PLLA has been proposed to be bene�cial for the treatment of acne scars since the PLLA stimulates 
production of collagen in previously atrophic areas, and the act of threading/tunneling during injection is 
thought to undermine scars [18] (Figures 7.3 through 7.5). In Beer’s open-label study [18], 16 individuals 
(with an average age of 42.7 ± 10.7 years) with an average of 10–16 rolling or ice pick scars received monthly 
treatment sessions with PLLA for a total of seven treatment sessions at 1-month intervals. During the initial 
treatment, the median injected volume was 0.725 mL for the entire treatment, and then 0.45 mL per treatment 
for each of the six monthly follow-up sessions. Prior to each injection session, PLLA was reconstituted with 
4 mL sterile water and 1 mL of 1% lidocaine with 1:100,000 epinephrine and left to stand for 2–48 hours before 
the treatment session. During the injection, the needle was inserted in the deep dermis under the depressed 
portion of the scar and PLLA was injected until the surface of the scar reached the level of the surrounding 
skin. Immediately after the procedure, vigorous massaging was performed to prevent subcutaneous papules, 
and subjects were advised to follow the “5-5-5” rule. After the initial month, there was an average reduction 
of 20.5% in the number of lesions, which reached a maximum of 46.4% as evaluated on their visit day for the 
seventh treatment session [18]. Thus, the authors suggest that reductions in size of the acne scars may reach a 
plateau after six treatments. However, there was an increase in patient satisfaction with each treatment session 
(p = 0.0899). While this study only followed the patients for 6 months after their �rst treatment, the product 
may have continued to stimulate collagen productions for many more months. Thus, the limitation of this study 
is that there was no long-range follow-up arm to demonstrate the longer-lasting results. In this study, the scars 
had a maximal depth of 3 mm, and were at least as wide as they were deep. The authors do not recommend 
PLLA for small (1–2 mm) ice pick scars, as these could be better treated with 95% trichloracetic acid.

(a) (b)

FIGURE 7.3  Acne scars (a) before and (b) after treatment with Sculptra. (From Lowe NJ. J Eur Acad Dermatol Venereol. 
2006 May;20 (Suppl 1):2–6, with permission [17].)

(a) (b)

FIGURE 7.4  Atrophic scar (a) before and (b) after treatment with Sculptra. (From Lowe NJ. J Eur Acad Dermatol 
Venereol. 2006 May; 20(Suppl 1):2–6, with permission [17].)
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In a case study, a 60-year-old Caucasian woman presented with moderate-to-severe deep dermal acne 
scars with 1- to 3-mm depressions and lipodystrophy of nasolabial folds, which had been previously treated 
with multiple modalities, such as carbon dioxide laser resurfacing, several dermabrasion treatments, and 
trichloroacetic acid peels, with only minimal improvement. The patient was treated with PLLA every 
4 weeks for a total of seven treatment sessions. The PLLA was reconstituted with 4–7 cc bacteriostatic 
water and 1% lidocaine simultaneously 24 hours prior to the procedure. For thinner skin areas around 
the eye, an increased amount of bacteriostatic water was used to increase the dilution of PLLA (6–8 cc) 
and lessen the chance of nodule formation. For the individual deep dermal acne scars, a lower dilution of 
PLLA was used (5 cc total) with a smaller gauge, half-inch needle (26-gauge) to insert the product just 
below the skin. The injections were made just below the scar, however, the injections were a little deeper 
if there were multiple scars present. The authors did not note how much was injected per scar, however, 
they mentioned that the amount was based on physician assessment at each visit based on photographic 
images. The patient noted improvement of acne scars within 6 months of her last treatment, and received 
a touch-up treatment 14 months after her last injection. The patient reported only mild side effects such as 
swelling for 24–72 hours and bruising at treatment sites lasting no longer than 7 days [16] (see Figure 7.6).

PLLA has been shown to be effective for replacing dermal volume in boxcar atrophic scars, as 
demonstrated in a case study by Sadove [19]. In the case study, two women (aged 21 and 45 years) with 
gross dermal atrophy, dystrophic, and boxcar scars due to severe acne underwent three treatment sessions 
with injectable PLLA every 6 weeks. At each treatment session, the PLLA was reconstituted with 5 mL 
of sterile water and allowed to stand for 24 hours. The areas to be treated on the cheeks were �rst cleaned 
with alcohol and then anesthetized with 1% lidocaine–epinephrine, injected with a 30-gauge needle. A 
23-gauge, 2-inch needle was used to administer the PLLA into the deep dermis, which allowed for a more 
controlled injection, given the bigger needle size. About 2 mL of PLLA was injected into each cheek area 
for a total volume of 4 mL per treatment session. For each cheek, 1 mL was use to inject under speci�c 
scars until the layer of the treated area was raised to the level of neighboring skin, and 1 mL was dispersed 
in the skin at the dermal/subcutaneous tissue junction using a layering technique with active motion of the 
needle in order to prevent pooling of PLLA below the skin. The author did not perform any massage after 
the injection and discouraged the patients from doing so at home because the injection technique should 
allow for even distribution of the material. There were no product-related adverse events such as nodules 
or papules at the 3-year follow-up evaluation for the 21-year-old, and the 6-year follow-up evaluation for 
the 45-year-old. The author used photographs and physical exam to determine the improvement in contour 
and color of the treated areas and found that the results were considered excellent at the 1-year follow-up 
for the 21-year-old, and 4-year follow-up for the 45-year-old woman, with fewer apparent shadows in the 
skin [19].

(a) (b) (c)

FIGURE 7.5  (a) Left, (b) right, and (c) central views of patient before (top) and after (bottom) two vials of PLLA and one 
fractionated CO2/vbeam for scars. (Courtesy of Sabrina Fabi).
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Permanent Fillers

Polymethylmethacrylate

In the initial development stage of PMMA �llers, scientists found that a smaller microsphere size led to 
a foreign body in�ammatory response with giant cell formation. The creation of larger microspheres, 
30–50 µm, signi�cantly reduced the rate of granuloma formation to less than 0.01%, and thus came the 
development of Arte�ll, which was rebranded as Bella�ll (Suneva Medical, San Diego, CA, USA) in 
2014 [13]. Arte�ll is composed of 20% non-resorbable PMMA microspheres suspended in 80% solution 
of mostly denatured bovine collagen, and was FDA approved for the correction of smile lines. Once the 
product was rebranded to Bella�ll in 2014, it became FDA approved for the treatment of moderate-to-
severe, atrophic, distensible facial acne scars on the cheek(s) in patients over 21 years. Bella�ll is the 
only dermal �ller in the market that is approved for the treatment of acne scars. Studies have shown a 3% 
prevalence of hypersensitivity to the bovine collagen, therefore, a skin test is required prior to injection 
[15,20]. While the bovine collagen leads to volume below the pitted acne scars, the PMMA microspheres 
create a matrix that stimulates collagen production around the spheres leading to long-term support by 
autologous connective tissue. Since the microspheres are too large to be phagocytosed by macrophages, 
they are permanent and, hence, Bella�ll is considered an irreversible �ller. Additionally, the large size of 
the microsphere makes the �ller unsuitable for thin areas such as the lips and periocular [13].

In a prospective, randomized, placebo-controlled, double-blind, multicenter clinical trial, subjects 
over 18 years of age (mean age: 44.6 years) were recruited if they demonstrated moderate-to-severe 
atrophic, distensible acne scarring on the cheeks. In the study 147 subjects (57 men and 90 women) 
with depressed distensible rolling scars were treated. Ice pick, boxcar, or bound-down acne scars were 
not included as treatable scars, but could be present in the treatment areas. Prior to enrollment in the 
study, subjects had to receive a skin test to check for sensitivity to bovine collagen in order to con�rm 
eligibility into the trial. The average number of treated scars with Bella�ll was 8.9, with an average initial 
injection volume of 0.11 mL per scar, and 0.93 mL per subject. About 82.5% of the patients received 
a touch-up injection, which involved an average injection volume of 0.10 mL per scar and 0.69 mL 
per subject about 4 weeks after the initial injection. The primary endpoint was based on a blinded 

(a)

(b)

FIGURE 7.6  Mid-cheek and nasolabial folds acne scars (a) before treatment and (b) 1 month after seven treatments with 
injectable PLLA. (From Sadick NS, Palmisano L. J Dermatolog Treat. 2009;20(5):302–7, with permission [18].)
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investigator who assessed improvement 6 months after initial injection. Improvement was de�ned as 
a two-point improvement of at least 50% of treated scars based on the four-point Acne Scar Rating 
Scale. The primary endpoint was achieved in 64.4% subjects using Bella�ll (p = 0.0005). Subjects 
were followed for 12 months after their initial treatment session, and based on ratings from the Subject 
Global Aesthetic Improvement Scale, over 77% of the Bella�ll subjects claimed that their appearance 
improved from baseline [21].

Bella�ll is pre-packaged in a sterile 0.8-mL single-use syringe with a 26-gauge needle and should be 
injected into the deep dermis or dermal/subdermal junction. One or two touch-up injections can be given 
as early as 2 weeks after initial injection. The safety of injections of more than 3.5 mL per site has not 
been determined [22].

Silicone

The unadulterated, puri�ed form of silicone that is used today is known as Silikon 1000 (Alcon 
Laboratories, Fort Worth, TX, USA). Silikon 1000 is FDA approved for retinal detachment of the eye, 
but it has been used off-label for HIV-associated lipoatrophy. Historically, there have been unpredictable 
complications with silicone injections due to overuse or the contamination with mineral oil. However, it is 
currently supplied as a 10 mL vial containing 8.5 mL puri�ed silicone oil without preservatives, making 
it less likely to cause granulomatous reactions when appropriate amounts are injected. In order to prevent 
the risk of migration of the product, the material is injected as a few 0.01 cc microdroplets under each 
individual scar, at 4–6 week time intervals, and patients usually require two to three treatment sessions 
[2]. When the product is injected into the dermis as small 0.01 cc microdroplets, controlled �brosis in 
the area leads to soft tissue enhancement. One of the indications for injecting sterile, pure, medical-grade 
liquid silicone is to camou�age shallow acne scars. In order to inject such small amounts of silicone 
into the desired area, the Becton Dickinson (Franklin Lakes, NJ, USA) 3/10 cc insulin U-100 syringe 
with a swaged 28-gauge, 0.5-inch (12.7 mm)-long Micro-Fine IV needle is better than other standard 
syringes [23]. Microdroplets could be deposited at 2- to 5-mm intervals and per session. The treatment 
volume should be limited to 0.5 mL for small surface areas, such as nasolabial folds. Also, follow-up 
treatment should not occur earlier than 1 month post-treatment in order to allow for a �brous tissue 
reaction around the silicone microdroplets. Post-injection erythema or edema is a common side effect 
and usually resolves within a few days. Another side effect from injecting the silicone into the dermis 
is that the in�ammatory response to the silicone can lead to post-in�ammatory hyperpigmentation or 
telangiectasias.

Autologous Fat Transfer

Adipose Tissue

Beginning in the early 1900s, autologous fat transfer to correct facial folds demonstrated some bene�t; 
however, the long-term effects were unpredictable and variable [24,25]. According to Peer [26], there 
was a 45% reduction in the weight of the fat after 1 year, which demonstrates the importance of blood 
supply in the recipient tissue area [26]. Soon, with the advent of liposuction around the 1970s, more 
cases of fat transfer were performed for the cosmetic enhancement of facial features. Fat can be extracted 
from the adipose tissue of various parts of the body during a liposuction procedure using a blunt-tipped 
microcannula, which is then isolated from the rest of the infranatant. It is recommended to overcorrect by 
30%–50% during injection of the face as there will be an expected amount of resorption [27]. Additionally, 
some authors recommend injecting the fat directly into the muscle for better vascularization [2]. The 
in�ammatory reaction that ensues produces �brotic tissue, which has been seen in biopsied samples and 
may explain the process of volume restoration [27]. Due to the excessive scarring in cases of severe acne, 
leading to the skin tethering down and volume loss of the midface, fat transfer can help to replete the 
signi�cant areas of volume loss in the face. Thus, the role of fat transfer in acne scarring is for more deep 
volume augmentation, which then allows the practitioner to focus on the more super�cial component of 
acne scarring [28].



65Fillers for Acne Scarring

Conclusion

In conclusion, a wide-range of �llers can be used with varying success for different post-acne type 
of scars (Table 7.1). While certain �llers, such as HA �llers, can speci�cally be injected immediately 
beneath each acne scar, other volumizing �llers such as PLLA or CaHA have to be injected in a more 
widespread fashion to address the extensive dermal atrophy. Since patients with post-acne scarring 
tend to have different types of scars, they can bene�t from the use of various �llers. Until today, only 
one �ller has been FDA approved for moderate acne scarring of the cheeks, and that is Bella�ll. As 
practitioners become more comfortable with the use of other �llers for treating acne scars, future 
studies may approve non-permanent �llers for the treatment of post-acne scarring.
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Skin Needling in Acne Scars

Gabriella Fabbrocini, Marianna Donnarumma, and Maria Vastarella

Skin needling is a dermatologic treatment performed to achieve percutaneous collagen induction 
(PCI), which is effective at improving depressed acne scarring and smoothing wrinkles, as well as 
reducing the appearance of stretch marks. It is carried out using a skin roller that causes multiple tiny 
pinpoint puncture wounds to the dermis. This dermal damage induces the release of growth factors 
that stimulate the production of new collagen and elastin in the upper dermis. Skin needling creates 
dermal damage without the removal of the healthy epidermis, which happens with other resurfacing 
techniques [3].

History

Simonin published his results in Baran’s Cosmetic Dermatology in 1994, but his ground-breaking 
technique, which he named electroridopuncture, remained largely unknown to the wider medical 
community [1]. In 1995, Orentreich and Orentreich described “submission” as a way of building up 
connective tissue below retracted scars and wrinkles [2]. Fernandes treated wrinkles of the upper lip by 
inserting a 15-gauge needle into the skin and then tunneling under the wrinkles in various directions, 
parallel to the skin surface [4–6]. In 1997, Camirand and Doucet described their experience on patients 
with facial hypochromic scars that he tattooed with a skin-color pigment [7]. After 1–2 years, they noticed 
that even though the pigment was long gone, it was replaced by actual melanin, while the scars were 
immensely improved in texture, appearance, and color. So he thought that the drilling of scars with the 
tattoo gun caused improvement and the repigmentation of the scar. PCI results from the natural response 
to the injury of the skin, even though the wound is minute and mainly subcutaneous. They understood 
that puncturing the scar with a tattoo gun alone, without pigment, would in a way break down the scar 
collagen, cause realignment and stimulate melanogenesis.

Fernandes et  al. thought that the needle needed to penetrate relatively deeply to stimulate 
the production of elastin �bers oriented from the deep layers of the dermis to the surface, and he 
experimented with a special tool for PCI, consisting of a rolling barrel with microneedles, at regular 
intervals [4–6].

KEY FEATURES

•	 Skin needling is a dermatologic treatment performed to achieve percutaneous collagen 
induction, which is effective at improving depressed acne scarring.

•	 This dermal damage induces the release of growth factors that stimulate the production 
of new collagen and elastin in the upper dermis.

•	 The number of treatments that are required varies depending on the individual collagen 
response on the condition of the tissue, and the desired results, and it will be determined 
by the dermatologist whether two to six treatments are needed.
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Pathophysiology

PCI provokes the natural response to wounding of the skin, even though the wound is minute and mainly 
subcutaneous. Needle penetration into the skin promotes the normal wound healing that develops in 
three stages [8,9].

	 1.	 The in�ammation starts very soon after the injury: Platelets are activated to release chemotactic 
factors, which cause an invasion of other platelets, leucocytes, and �broblasts. After the platelets 
have been activated by exposure to thrombin and collagen, they release numerous cytokines. This 
process involves a complex concatenation of numerous factors that are important in recruiting 
�broblasts into the wounded area: �broblast growth factor (FGF), platelet-derived growth factor 
(PDGF), transforming growth factor (TGF)-α, TGF-β, connective tissue-activating peptide III, 
and neutrophil-activating peptide.

	 2.	 About 5 days after skin needling, neutrophils are replaced by monocytes. They remove cellular 
debris and release several growth factors, including PDGF, FGF, TGF-α, and TGF-β, which 
stimulate the migration and proliferation of �broblasts and the production and modulation 
of the extracellular matrix. Keratinocytes, the main cells in this case, change in morphology 
and become mobile to cover the gap in the basement membrane and start producing all the 
components to reestablish the basement membrane with laminin and collagen types IV and 
VII. A day or two after PCI, the keratinocytes start proliferating and act more to thicken the 
epidermis than close the defect. Initially after PCI, the disruption of blood vessels causes a 
moderate amount of hypoxia. The low-oxygen tension stimulates the �broblast to produce 
more TGF-β, PDGF, and endothelial growth factor. Procollagen messenger ribonucleic acid is 
also upregulated, but this cannot cause collagen formation because oxygen is required, which 
occurs only when revascularization occurs. Prevascularization occurs quite soon after needling. 
TGF-β is a powerful chemotoxic agent for �broblasts that migrate into the wound at about 48 
hours after injury and start producing collagen types I and III, elastin, glycosaminoglycans, and 
proteoglycans. Collagen type III is the dominant form of collagen in the early wound healing 
phase and becomes maximal 5–7 days after injury. The collagen is laid down in the upper dermis 
just below the basal layer of the epidermis. Although the injury in skin needling extends deeper 
than the adnexal structures, because the epithelial wounds are simply cleft, myo�broblast wound 
contraction may not play a part in the healing. A number of proteins and enzymes are important 
for �broplasia and angiogenesis that develop at the same time. Anoxia, TGF-β, FGF, and other 
growth factors play an important part in angiogenesis. Fibroblasts release insulin-like growth 
factor, which is an important stimulant for proliferation of �broblasts themselves, endothelial 
cells, neovascularization, and is one of the main active agents for the growth hormone. Integrins 
facilitate the interaction of the �broblasts, endothelial cells, and keratinocytes.

	 3.	 Tissue remodeling that is mainly regulated by �broblasts continues for months after the injury. 
The remodeling phase starts and continues for several months: Collagen type III is laid down 
in the upper dermis, just below the basal layer of the epidermis, and is gradually replaced by 
collagen type I. The matrix metalloproteinases (MMPs 1, 2, and 3) are essential in this process.

Technique

Preparation Phase

Patients should use a topical product that contains α- and ω-hydroxy acids; ω-hydroxy acids should be 
used for at least 3 weeks before the skin needling session begins. If the stratum corneum is rough, a series 
of mild trichloroacetic acid (TCA) peels (2.5%–5% TCA) will get the surface of the skin prepared for 
needling and improve clinical results because they can stimulate neocollagenesis.
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Day of Treatment

The facial skin is disinfected and then a topical anesthetic is applied and left for 60 minutes. The treatment 
is then carried out by rolling the needling tool over the interested areas four times in four different 
directions: horizontally, vertically, and diagonally, right and left [10].

The tool used for our patients is a device with needles of 1.5–2.0 mm in length; this induces a quick 
and uniform bleeding over the entire treated area. Actually there are a number of skin rollers available 
for professional and home use that come in many different needle lengths, diameters, and numbers, 
which can make it very confusing for their users. The number of needles on a roller is the least important 
feature, as repeated rolling causes numerous dermal injuries. Needle diameter is very important because 
we want to maximize the dermal injury without creating a new scar. In our experience, a 0.25 mm needle 
diameter is of the maximum size that can be used without causing a new scar in the skin. Smaller-diameter 
needle skin rollers can be used but do not maximize the dermal injury and, therefore, will be slower to 
produce results. Needle length is also a critical issue. The target when we needle the dermis is a layer in 
the upper dermis called the intermediate reticular dermis. This dermal layer contains the highest number 
of stem cells that are able to produce new collagen. The epidermis (the outer layer of the skin) varies in 
depth from 0.05 mm on the eyelids to 1.5 mm on the soles of the feet. The epidermis of the face (other 
than the eyelids) varies from 0.3 to 1 mm in depth and, therefore, a 0.75–2-mm long needle is more than 
adequate to reach the intermediate reticular dermis. The needles used should have a length of 1.5 mm 
and a diameter of 0.25 mm. Depending on the applied pressure (pressing too hard is not necessary for 
excellent results and, if you are needling the face, do not use the rolling barrel on the eyelids or lips), they 
penetrate the scar tissue between 0.1 and 1.3 mm.

Rolling consists in moving, with some pressure, four times in four directions: horizontally, vertically, 
and diagonally, right and left. This ensures an even pricking pattern, resulting in about 250–300 pricks 
per square centimeter. The microneedles penetrate through the epidermis but do not remove it; thus, the 
epidermis is only punctured and will rapidly heal (Figure 8.1).

FIGURE 8.1  Skin needling procedure for acne scars: The skin is punctured in multiple directions applying a constant 
pressure.
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Automatic needling can give a standardized pressure to the whole surface treated with a better effect 
on collagen and elastin rejuvenation. Since the needles are set in a roller, every needle initially penetrates 
at an angle and then goes deeper as the roller turns. Finally, the needle is extracted at the converse angle; 
therefore, the tracts are curved, re�ecting the path of the needle as it rolls into and then out of the skin, 
or about 1.3 mm into the dermis.

The epidermis and particularly the stratum corneum remain “intact,” except for these tiny holes, which 
are about four cells in diameter. The treatment times can range from 10 to 60 minutes, depending on the 
size of the area being treated. Obviously, the skin bleeds for a short time, but that shortly ends. The skin 
develops multiple microbruises in the dermis that initiate the complex cascade of growth factors that 
results in collagen production.

The number of treatments required varies depending on the individual collagen response, on 
the condition of the tissue and on the desired results. Most patients require around three treatments 
approximately 4 weeks apart.

Post-Treatment Care

Immediately after the treatment, the skin looks bruised, with minimal bleeding. It’s a good practice to 
apply cold compresses.

Finally, it is important that for the �rst 24 hours after a treatment, the patient doesn’t use any skin 
products that aren’t noncomedogenic or speci�cally designed to be used with microneedling, such as 
makeup, sunscreen, sunblock, tanning lotion, a facial peel, or any skin care product that contains irritating 
and toxic ingredients. It’s also important to avoid using alcohol-based products immediately after the 
treatment because they will make the skin very dry.

Normal skincare can be recommenced once the treatment area is completely healed. It is very important 
to continue using topical vitamin A and C in cream form for at least 6 months post-procedure to ensure the 
production of healthy collagen and elastin. Patients should be prompted to use only tepid water because 
the skin will be more sensitive to heat. While the water is running over the face or body, the patient should 
gently massage the treated skin until all serum, blood, or oil is removed. The importance of a thorough 
but gentle washing of the skin, a few hours after the procedure, cannot be stressed enough.

The patient should avoid direct sun exposure for at least 15 days. As the skin has a memory and will 
seek to return to its previous state, it’s recommended to repeat skin-needling treatments over a period of 
1–2 years.

Days 1 and 2: The tissue may be tender, red, and bruised, with a slight lymph discharge from the 
treated areas, itching may occur and the “needled” tissue may exhibit the appearance of “cat 
scratches.”

Day 3: The treated areas can present a crust.

Days 4–5: The redness and crusting have diminished.

Days 5–7: The skin is injured.

Clinical Results

Results generally start to be seen after about 6 weeks but complete improvement can take at least 3 months 
to occur and, as the deposition of new collagen takes place slowly, the skin texture will continue to improve 
over a 12-month period. Clinical results vary between patients, with some achieving 90% improvement in 
scarring and others less than 50% (Figures 8.2 and 8.3). However, all patients achieve some improvements. 
The number of treatments that are required varies depending on the individual collagen response on the 
condition of the tissue, and the desired results, and it will be determined by the dermatologist whether 
two to six treatments are needed. Most individuals will require around three treatments approximately 
4 weeks apart. Our experience has shown that after only two sessions of treatment the level of severity 
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FIGURE 8.2  Acne scars before the �rst treatment; immediately after the treatment and at 2 months from the treatment.

FIGURE 8.3  Acne scars before the �rst treatment; immediately after the treatment and at 2 months from the treatment.
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of rolling scars in all patients is largely reduced: The digital photographic comparison of lesions before 
and after PCI CIT highlighted that (independently of the grading of lesions) in each group of patients 
as skin became thicker, the relative rolling scar depth was signi�cantly reduced. Moreover, the degree 
of irregularity of skin texture, while analyzing surface microrelief of cutaneous casts, showed a 25% 
reduction (average; in both axes) before and after PCI CIT. Besides, no patient showed visible signs of 
the procedure or hyperpigmentation.

Different studies report that 6 months after collagen-induction therapy, histology shows a dramatic 
increase of new collagen and elastin �bers [11–13]. Although dif�cult to estimate, there is at least 400 and 
1,000% more collagen and elastin post-procedure. Recently, Aust et al. showed a considerable increase in 
collagen and elastin deposition at 6 months post-operation. The epidermis demonstrated a 40% thickening 
of stratum spinosum and normal rate ridges at 1 year post-operation [6].

The modi�cations registered by confocal microscopy show that the technique can induce an increase in 
the number of �brous bundles, a better distribution of collagen, a higher organization and distribution of 
melanocytes, and an increase in the density and size of the hair follicles. All these data suggest that skin 
collagen induction can be a suitable technique for the treatment of acne scars, and confocal microscopy 
can better de�ne the induced modi�cations and the improvement of the scars.

Contraindications and Adverse Effects

Some clinical conditions can be considered as absolute contraindications to a skin-needling procedure:

•	 treatment with isotretinoin within the last 3 months

•	 presence of open wounds, cuts, or abrasions to the skin

•	 radiation treatment within the last year

•	 a current outbreak of herpes simplex or any other infection or chronic skin condition in the 
area to be treated

•	 areas of the skin that are numb or lack sensation

•	 pregnancy or breast feeding

•	 a history of keloid or hypertrophic scars or poor wound healing

The observation of all the pre- and post-operative precautions and respect of contraindications reduce 
the risk of adverse effects, which are minimal with this type of treatment and typically include minor 
�aking or dryness of the skin, with scab formation in rare cases, milia, and hyperpigmentation, which 
can occur only very rarely and usually resolves after a month. Edema and erythema are the most frequent 
sequelae. Recovery may take 24 hours or up to a few days. Most patients are able to return to work the 
following day. Recovery time depends on the treatment level and the length of the needles.

Side Effects, Complications, and Their Management

•	 Immediately after this procedure the skin is more sensitive to sunlight. It is important to prevent 
hyperpigmentation by avoiding direct sunlight after treatment for 1 week. The patient has to 
apply SPF30+ sunscreen when they go outside.

•	 The skin will feel tender to touch: A facial scrub should be used until the skin is completely 
recovered.

•	 After treatment the skin will feel dry. It is important not to use skin toner or to apply topical 
product with irritation ingredients such as glycolic/salicylic/TCA, and not to use a topical 
product with toxic ingredient such as hydroquinone.

•	 The skin will have lost moisture. Avoid invasive treatment (laser/chemical peel/
microdermabrasion) until the skin is recovered.
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•	 Adverse events are also known with the procedure. The common ones being potential erythema 
and irritation, dry skin, and tender skin, which usually subsides within a few days.

•	 Complications are post-in�ammatory hyperpigmentation, erythema, aggravation of acne, and 
reactivation of herpes systemic hypersensitivity, allergic granulomatous reactions and local 
infections following the use of a nonsterile instrument. Allergic contact dermatitis to materials 
used in the needles has also been observed.

•	 The management of these complications are different for everyone. In case of hyperpigmentation, 
skin should be treated with a solution of glycolic acid (50%) or hydroquinone creams combined 
with sunscreen or laser therapy. In the case of an infection, an antibiotic therapy has to be 
prescribed: either topical therapy with mupirocin 2% ointment, three-times daily for 10 days, 
alternatively fusidic acid, and, in severe cases, systemic therapy with amoxicillin and clavulanic 
acid, twice daily for 6 days. If aggravation of acne occurs it is possible to consider local or 
systemic antibiotic therapy, depending on the gravity of the situation.
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Hyaluronic Acid

Introduction

Hyaluronic acid (HA) is a glycosaminoglycan composed of alternating D-glucuronic acid and N-acetyl-
D-glucosamine monosaccharide residue. These are cross-linked to form long, unbranched chains, which 
form an anionic biopolymer. Due to its combination of properties, endogenous HA contributes turgor 
and elasticity to the dermis.

When injected into facial skin it provides immediate and short-term augmentation, and it appears to 
induce longer-term effects by stimulating collagenesis by native �broblasts [1,2]. HA has been prepared 
in different forms, which vary in viscosity and formulation to make the most of its utility and range of 
applications. HA’s viscoelastic properties are a function of the length of the molecular chains of the 
polymer, cross-linking, concentration, and particle size.

Medium-viscosity HA is best for moderate lines and wrinkles, such as glabellar lines and nasolabial 
folds, and it is injected into the mid-to-deep dermis. Finer HA formulations are available for correction 
of �ne facial lines, such as perioral and periorbital wrinkles, and are injected in the super�cial dermis 
[3,4]. Specialized formulations are designed to be injected into the lip, while others are indicated for 
restoring volume lost due to natural aging. Given the properties, super�cial injection, and microdosing 
delivery technique, a low-viscosity HA gel could be an excellent candidate product for the treatment of 
depressed acne scars [5].

Functions

The natural dermal function of HA in the skin is to �ll the interstitial space, with its highly hydrophilic 
structure, thus avoiding the collapse of the reticular �bers and promoting the mesenchymal and 
immunocompetent cell viability and motility. Cross-linking creates a water-insoluble gel, stabilizing the 
molecule.

KEY FEATURES

•	 Hyaluronic acid is indicated for the treatment of atrophic acne scars: box scars, ice pick 
and rolling scars with an involvement of 30% of the face area.

•	 PRP is indicated for the treatment of boxcar, ice pick, and rolling scars with an 
involvement of more than 30% of the face area. Usually associated with other treatments 
(skin needling and laser).

•	 Polylactic reasorbable threads are indicated for the treatment boxcar and rolling scars 
with an involvement of less than 30% of the face area or single acne scars.
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It also regulates also the turnover of the keratinocytes by means of the two main HA-receptors: CD44 
and RHAMM (the receptor for HA-mediated motility); furthermore, it inactivates the free radicals and 
the reactive oxygen species (ROS) produced by ultraviolet rays [6].

The physiologic role of this polymer can be arti�cially restored by the injection at different dermal and 
subdermal levels of cross-linked acid chains, that give to skin a very appealing softness and turgor, with 
an half life of 4–6 months accordingly with the polymerization degree via liver degradation.

HA-based �llers act by directly adding dermal or subdermal volume, which can be further augmented 
by in-tissue water attraction by HA. Moreover, native hyaluronic acid promotes cell proliferation and 
extracellular matrix synthesis and modulates the diameter of the collagen �bers.

Indications

•	 Atrophic acne scars: boxcar, ice pick, and rolling scars

•	 Atrophic acne scars with an involvement of 30% of the face area

Modalities of Implant

Low-viscosity HA gel, available in 12 or 20 mg/mL, is injected with a metered dose injector that deposits 
10 µL per injection site. To improve acne scars our experience shows that a subdermal injection with a 
retrograde short straight line technique (needle 30G) can be an option of treatment. It consists in series 
of tiny, �ne-needle injections into the mid to deep dermis (the underlying layer of the skin).

•	 20 mg/mL HA for boxcar and ice pick scars

•	 12 mg/mL HA for rolling scars

These micro injections will focus on acne scars. During the procedure, some people experience a 
certain level of discomfort. Each treatment session usually takes around 15–20 minutes. Treatment can 
be repeated after every 20 days (Figure 9.1).

After Treatment

Low-viscosity HA is a treatment course for gradual skin quality improvement. Some of its effect will 
be immediately noticeable after a single treatment, but for best results a minimum of three treatments 
is required, each with a period of 3–4 weeks in between (Figure 9.2). After treatment the skin can swell 
and show light bruising. This will disappear within several days.

(a) (b)

FIGURE 9.1  (a,b) Treatment with HA low viscosity.
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Advantages

HA has become the leading dermal �ller due its combination of low allergenicity, high biocompatibility 
as demonstrated in ocular and intra-articular uses, and longevity. Being a natural component of the soft 
tissues, no severe allergic reactions have been reported [7]. It can be used on all skin types regardless of 
the phototype, and it can be done in every season of the year.

Disadvantages

Injection of HA low viscosity does not work well for deep pitted scars like ice pick scars.

Clinical Results

On the base of our experience patients showed a signi�cant improvement in the texture of the skin and 
clinical imaging showed a global improvement of all scars, both in number and width. The quantitative 
evaluation of the scars shows a signi�cant improvement both with Goodman and Baron scale and through 
the Global Aesthetic Improvement Scale (Figures 9.3 and 9.4).

Moreover the ef�cacy has been proved by confocal microscopy. After treatment, the skin is more 
refracting and we observed an improved collagen distribution and organization, and an increase of hair 
follicle density and size [8].

Contraindications

•	 Severe allergies with a history of anaphylaxis

•	 Severe allergies to Gram-positive bacteria such as Streptococcus

•	 Bleeding disorders

•	 Hypersensitivity to amide local anesthetics

Complications

Most side effects of intradermal injections are mild and transient, and include pain and intermittent 
swelling, edema, erythema, and ecchymosis at the injection site. Technique-related side effects are 
irregular facial contour and lasting beading caused by a super�cial injection of �ller to skin necrosis 
caused by vascular occlusion. Foreign body granuloma caused by HA injection has been also reported. 

(a) (b)

FIGURE 9.2  (a) Pre- and (b) immediately post-treatment with �ller.
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When HA �llers are placed too super�cially into the dermis of patients with a Fitzpatrick 1 or 2, a bluish 
discoloration, caused by the Tyndall effect, may occur. All these complication are very rare.

Platelet-Rich Plasma in Acne Scars

Introduction

Platelet-rich plasma (PRP) is an autologous preparation of platelets in concentrated plasma full of growth 
factors, chemokines, and cytokines. PRP therapy is an old therapy and used extensively in specialities of 

(a) (b)

FIGURE 9.3  (a) Pre- and (b) post-treatment with �ller.

(a) (b)

FIGURE 9.4  (a) Pre- and (b) post-treatment with �ller.
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dermatology, orthopedics, and dentistry. PRP is generally well tolerated; with few reported complications, 
further study may be justi�ed in the context of organized trials.

History

PRP was developed in the 1970s and �rst promoted by M. Ferrari in 1987 as an autologous transfusion 
component after an open heart operation to elude excessive transfusion of homologous blood products [9].

In 1990 an autologous �brin sealant (�brin glue) obtained by polymerization of �brinogen with 
thrombin or calcium chloride was introduced as a topical hemostatic, while the �rst preparation of an 
autologous PRP product from a small quantity of blood was described in 1999 [10].

In the beginning, it was used in dental, and oral and maxillofacial surgery. Now PRP has many 
different applications, from sports medicine to cosmetics, orthopedic surgery, and ophthalmology [11,12]. 
Publications that study PRP ef�cacy have increased in the last few decades. Recently it has been used 
for a various number of dermatological indications including wound healing, fat grafting, alopecia, scar 
revision, and dermal volume augmentation [13].

Pathophysiology

PRP is an autologous concentration of human platelets contained in a small volume of plasma. Platelets 
produce numerous growth factors that can stimulate the proliferation of stem cells and the replication of 
mesenchymal cells, �broblasts, osteoblasts, and endothelial cells.

PRP is composed by several different growth factors: platelet-derived growth factor (PDGF), 
transforming growth factor (TGF)-α, vascular endothelial growth factor (VEGF), insulin-like growth 
factor 1 (IGF-1), epidermal growth factor (EGF), basic �broblast growth factor (bFGF), TGF-β1, 
and platelet-activating factor (PAF) (Figure 9.5). The secretion of these growth factors begins within 

PDGF

TGF-β
VEGF

FGF

EGF

Promotion of epithelial cell
growth, angiogenesis and

promotion of wound healing

Cell growth, new generation and
repair of blood vessels, and

collagen production

Tissue repair, collagen
production and hyaluronic

acid production

Growth and neogenesis of
epithelial cells and vascular

endothelial cells, and promotion
of wound healing

Growth and new generation
of vascular endothelial cells

FIGURE 9.5  Main growth factors present in PRP. (From Lovreglio R  et al. In: Nonsurgical Lip and Eye Rejuvenation 
Techniques. Fabbrocini G, De Padova MP, Tosti A, eds. Springer, 2016, with permission.)
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10 minutes after clotting and more than 95% of the presynthesized growth factors are secreted within 
1 hour. The addition of thrombin and calcium chloride actives platelets in PRP and induces the release 
of factors from α-granules.

Different cells such as adult mesenchymal stem cells, osteoblasts, �broblasts, endothelial cells, and 
epidermal cells typically express membrane receptors to growth factors present in PRP. Growth factors 
binding their receptors can induce cellular proliferation, matrix formation, osteoid production and 
collagen synthesis.

It is important to underline that the PRP growth factors are not mutagenic because they do not enter 
the cell or nucleus; therefore, PRP does not induce tumor formation.

Due to the presence of high concentrations of these growth factors, PRP has been used in a wide 
variety of surgical procedures and clinical treatments, including the treatment of problematic wounds and 
maxillofacial bone defects, cosmetic surgeries, and gastrointestinal surgeries [14,15].

Indications

•	 Atrophic acne scars: boxcar, ice pick, and rolling scars

•	 Atrophic acne scars with an involvement of more than 30% of the face area

•	 Usually associated with other treatments (skin needling and laser)

Advantages of PRP

•	 Angiogenic

•	 Antibacterial properties

•	 Stimulates the formation of connective and epithelial tissue

•	 Osteogenesis stimulators

•	 Security and non-toxic tissue injury

•	 Can be autologous

Contraindications

Absolute Contraindications

•	 Platelet dysfunction syndrome

•	 Critical thrombocytopenia

•	 Hemodynamic instability

•	 Septicemia

•	 Local infection at the site of the procedure

•	 Patient unwilling to accept risks

Relative Contraindications

•	 Consistent use of nonsteroidal anti-in�ammatory drugs within 48 hours of procedure

•	 Corticosteroid injection at treatment site within 1 month

•	 Systemic use of corticosteroids within 2 weeks

•	 Tobacco use

•	 Recent fever or illness

•	 Cancer, especially hematopoetic or of the bone

•	 Hemoglobin level < 10 g/dL

•	 Platelet count < 105/µL
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Preparation of Autologous Platelet Gel

Preparation

The phases of the working procedure of platelet gel therapy are: collection of blood into a test tube, cell 
enrichment, activation, quality control test.

Collection into a Test Tube

PRP is obtained from a sample of patients’ blood drawn at the time of treatment. A 40 cc venous blood 
draw will yield 7–9 cc of PRP depending on the baseline platelet count of an individual, the device used, 
and the technique employed. The blood draw occurs with the addition of an anticoagulant, such as acid 
citrate dextrose (ACD) to prevent platelet activation prior to its use. PRP is prepared by a process known 
as differential centrifugation. In differential centrifugation, acceleration force is adjusted to sediment 
certain cellular constituents based on different speci�c gravities.

There are many ways of preparing PRP. It can be prepared by the PRP method. In the PRP method, 
an initial centrifugation to separate red blood cells (RBCs) is followed by a second centrifugation to 
concentrate platelets, which are suspended in the smallest �nal plasma volume. Whole blood (WB) 
is initially collected in tubes that contain anticoagulants. The �rst spin step is performed at constant 
acceleration to separate RBCs from the remaining WB volume. After the �rst spin step, the WB 
separates into three layers: an upper layer that contains mostly platelets and white blood cells (WBCs), 
an intermediate thin layer that is known as the buffy coat and that is rich in WBCs, and a bottom layer that 
consists mostly of RBCs. For the production of pure PRP, the upper layer and the super�cial buffy coat 
are transferred to an empty sterile tube. For the production of leucocyte-rich PRP, the entire layer of buffy 
coat and a few RBCs are transferred. The second spin step is then performed. The “g” for the second spin 
should be just adequate to aid in the formation of soft pellets (erythrocyte platelets) at the bottom of the 
tube. The upper portion of the volume that is composed mostly of PPP (platelet-poor plasma) is removed. 
Pellets are homogenized in 5 mL of plasma to create the PRP with a high concentration of leucocytes.

PRP Method

	 1.	 Obtain WB by venipuncture in ACD tubes

	 2.	 Do not chill the blood at any time before or during platelet separation

	 3.	 Centrifuge the blood using a soft spin

	 4.	 Transfer the supernatant plasma containing platelets into another sterile tube (without the 
anticoagulant)

	 5.	 Centrifuge tube at a higher speed (a hard spin) to obtain a platelet concentrate

	 6.	 The lower third is PRP and upper two thirds is PPP. At the bottom of the tube, platelet pellets 
are formed

	 7.	 Remove PPP and suspend the platelet pellets in a minimum quantity of plasma (5–7 mL) by 
gently shaking the tube

Buffy-Coat Method

	 1.	 WB should be stored at 20–24°C before centrifugation

	 2.	 Centrifuge WB at a high speed

	 3.	 Three layers are formed due to its density: The bottom layer consisting of RBCs, the middle 
layer consisting of platelets and WBCs, and the top PPP layer

	 4.	 Remove supernatant plasma from the top of the container

	 5.	 Transfer the buffy-coat layer to another sterile tube

	 6.	 Centrifuge at a low speed to separate WBCs or use leucocyte �ltration �lter
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Commercially Available PRP Kits

There are many PRP systems commercially marketed, which facilitate the preparation of ready-to-apply 
platelet-rich suspensions in a reproducible manner. All operate on a small volume of drawn blood (20–
60 mL) and on the principle of centrifugation. These systems differ widely in their ability to collect and 
concentrate platelets depending on the method and time of its centrifugation. As a result, suspensions 
of different concentration of platelets and leucocytes are obtained. Differences in the concentrations in 
platelets and WBCs in�uence the diversity of growth factor concentration. It is dif�cult to assess which 
kit for PRP preparation is better and which is worse.

PRP devices can be usually divided into lower (2.5–3 times the baseline concentration) and higher (5–9 
times the baseline concentration) systems.

Cell Enrichment

In our experience, in order to prepare a gel that is a homogeneous mass of an adequate volume and 
yet remains manageable, the platelet concentration needs to be 750,000–1,000,000/µL. With this 
concentration of platelets, the gel forms in about 5–7 minutes. Once the PRP has been obtained, a full 
blood count is performed and, on the basis of the platelet count, the PRP is diluted or concentrated under 
sterile conditions.

Activation

The production of autologous thrombin, used as the activator, involves the following steps: collection 
of another blood sample (in ACD or sodium citrate), centrifugation of the sample for 10 minutes at 
3000 rpm, collection of the plasma supernatant in a new test tube (under sterile conditions), addition of 
0.2 mL of calcium gluconate for every 1 mL of plasma, incubation at 37°C for 15–30 minutes, collection 
of the supernatant containing the precursors of thrombin (under sterile conditions), and freezing and 
storage at 30°C until needed. In order to produce the gel, the platelet concentrate is placed in a sterile 
plate and then the activators are added—that is, 1 mL of autologous thrombin and 1 mL of calcium 
gluconate for every 10 mL of PRP. At this point, the mixture is left to incubate at room temperature. If 
the coagulation process takes longer than expected, the preparation can be incubated for about 5 minutes 
at 37°C to facilitate the reaction.

The platelet concentrate must be sterile. The blood components must be prepared according to the 
principles of Good Manufacturing Practice. Each procedure must undergo quality control tests, including: 
determination of the volume, platelet count, count of contaminating WBCs, and an assay of �brinogen 
levels.

Clinical Uses of PRP

After centrifugation, the platelet and �brin component of the blood (the top layer) is extracted and 
reinjected into the area of concern.

In dermatology and cosmetic medicine, PRP has been used to treat:

•	 Venous and arterial leg ulcers

•	 Diabetic foot ulcers

•	 Pressure ulcers (bedsores)

•	 Skin graft donor sites

•	 First- and second-degree thermal burns

•	 Super�cial injuries, cuts, abrasions, and surgical wounds

•	 Hair loss disorders—PRP has been shown to reinvigorate dormant hair follicles and stimulate 
new hair growth
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•	 Post-traumatic scars—PRP combined with centrifuged fat tissue and fractional laser resurfacing 
improves the cosmetic appearance of scars

•	 Facial rejuvenation—PRP injections can treat wrinkles, photodamage, and discoloration in 
conjunction together with other treatment modalities

PRP Preparation

Blood is drawn and an anticoagulant is added. The mixture is centrifuged and separated into three layers: 
PPP, PRP, and RBCs. To make PRP, the RBCs are discarded and centrifuged again. The majority of the 
PPP is discarded, and the end product consists mostly of PRP with a small amount of PPP. Thrombin or 
calcium chloride is added as a platelet activator.

Skin Needling and PRP: Procedures

Skin needling is used to achieve percutaneous collagen induction in order to reduce skin imperfection. 
To date, skin needling has mostly been proposed as an effective method of treating scars and wrinkles. 
Microneedles penetrate through the epidermis, which is only punctured and heals rapidly. Skin needling 
triggers a cascade of growth factors that stimulate directly the maturation phase of wound healing, so the 
penetration of the microneedle in the skin does not create a wound in the classic sense, but causes �ne 
wounds and the wound healing process is cut short, as the body is somehow “fooled” into believing that 
an injury has occurred.

Skin needling can provide a clear channel for topical agents to be absorbed more effectively through 
the top layer of skin such as the PRP.

Technology

First, the facial skin was disinfected, then a topical anesthetic (EMLA) was applied for 60 minutes. Skin 
needling was carried out by using a highly speci�c tool, a 10-mm-wide rolling barrel, equipped with 96 
needles in four rows. The needles had a length of 1.5 mm and a diameter of 0.25 mm. Depending on the 
applied pressure, they penetrated the scar tissue between 0.1 and 1.3 mm. The barrel was rolled over the 
areas affected by acne scars in four directions: horizontally, vertically, and diagonally, right and left. The 
left side of the face was treated by the needling technique alone. PRP was applied �rst on the right side 
(Figure 9.6) and then the needling tool was rolled.

(a) (b)

FIGURE 9.6  (a) Needling followed by (b) PRP injection. (With kind permission from Springer Science+Business Media: 
Nonsurgical Lip and Eye Rejuvenation Techniques, The nonsurgical thread lift for facial rejuvenation, 2016, 85–96, 
Lovreglio R, Fabbrocini G, Del�no M.)
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Clinical Follow-up

•	 Normally, the skin-aging program consists of three sessions of needling a month apart from 
each other, and the �rst follow-up is done after one month from the third session, then from 3 
to 6 months after the last session.

•	 Patients were instructed to use topical therapy with emollients and soothing cream for 48 hours 
after each session. In addition, sun exposure was avoided by using sunscreens of SPF30+ during 
the daytime.

Clinical Results

In our experience the combined use of skin needling and PRP is more effective in improving acne scars 
than skin needling alone. Clinical patients achieve some improvements in the smoothness of the skin 
and in the depth and dimension of the scars. The number of treatments required varies depending on the 
individual collagen response on the condition of the tissue and desired results, and it will be determined 
by the dermatologist whether two to six treatments are needed (Figure 9.7).

Resorbable Threads in Acne Scars

Introduction

Barbed suture lifting is a minimally invasive surgical technique widely used for facial rejuvenation. These 
procedures can lift lax skin.

The treatment by absorbable threads is an innovative technique useful for supporting and stretching up 
the face and body tissues. The recent introduction of absorbable barbed sutures can be a good alternative 
to more invasive procedures.

Due to their ability to stimulate tissue regeneration through �broblast activation, absorbable threads 
have been proposed for the treatment of acne scars.

A worldwide variety of barbs with differences in costs and in types of material can be split into two types.

	 1.	 Polydioxanone (PDO)

	 2.	 L-lactide-ε-caprolactone

Professor Marlen Sulamanidze in the late 1990s inserted bidirectional barbed sutures, manufactured 
with a non-absorbable polymer (polypropylene), into the subcutaneous plane of the face [16].

(a) (b)

FIGURE 9.7  Acne scars before (a) and 6 months after treatment (b) with needling associated to PRP.
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However, the complication of non-absorbable threads that remain permanently in the facial soft tissue 
was very low. For this reason, new, absorbable, barbed suture designs have become available.

In 2008, he launched to the world market three lines of reasorbable wire: Nano, Excellence, and Light 
Lift. He invented the �rst thread using permanent traction threads in polypropylene by means of a non-
invasive lifting technique [17–20].

Technology

It is a surgical outpatient treatment carried out with or without local anesthesia according to the medical 
evaluation of the case. Threads are inserted subcutaneously through a micro-hole, along precise lines of 
skin tension, by means of a thin needle or a needle-pipe blunt tip (the tip shape reduces the local trauma), 
exerting a slight traction to lift the relaxed tissues. The threads adhere to the skin due to the presence of 
special anchors (plugs). The effect is achieved because the lift-thread insertion follows geometric traction 
where nothing is left to chance, and in fact the treatment requires, in addition to a certain manual skill, 
a �awless knowledge of anatomy.

Indications

•	 Atrophic acne scars: boxcar and rolling scars

•	 Atrophic acne scars with an involvement of less than 30% of the face area

•	 Single acne scars

PDO Threads

Nature

The PDO is a polymer of polylactic p-dioxanone, a bioabsorbable material and antimicrobial already used 
in surgery and biocompatible with the dermis.

Features

Biocompatible, antimicrobial absorption by hydrolytic action within 6–8 months, medical use, surgery.
The PDO absorbable threads (thickness: 0.05—0.19 mm, and length: 3–16 cm) are positioned inside 

of a needle (26-, 29-, or 30-gauge).

Functions

The biostimulant PDO threads implanted in the dermal layer are able to stimulate the �broblasts, 
activating an increased synthesis of collagen [21].

The shift of the skin tissue through the thread proved to be a fundamental mechanism in the cutaneous 
tissue repair processes of acne scars.

The cell is stimulated by the presence of several transduction systems mechanically placed at the level 
of the cell membrane, the best known of which is the integrin. The mechanical stimulus exerted on the 
outer extracellular matrix determines through integrin some intracellular biological changes that can 
activate speci�c genes.

The �broblasts are particularly sensitive to mechanical stimuli, and when subjected to mechanic 
stimulation they activate genes for the production of collagen and other proteins.

Duration

After approximately 6–8 months, the threads have been completely reabsorbed, naturally and harmlessly, 
by hydrolytic action. However the mechanical support is stable for 6–8 months, and generates a signi�cant 
endogenous stimulation whose bene�ts will last much longer.
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Thread with l-lactide-ε-caprolactone

Feature

Threads with polylactic acid are biocompatible and fully resorbable. The caprolactone allows the gradual 
absorption of polylactic acid and ensures the mechanical strength and the elasticity of the threads. 
Moreover their capacity of biostimulation can restore luminosity and color.

Function

The microcirculation capillaries of the proximal threads increase in number as the peripheral and the 
vessel lumen are more dilated. Studies have shown that for the entire period post-insertion the vessels 
remain dilated with a constant hyperemia, maintaining trophism of the treated area with the formation 
of new collagen, �brin and elastin. The �broblasts of the �brotic tissue created with the placing of the 
threads are functionally active; this can be seen from the increasing nucleus and cytoplasm, with a 
spread of chromatin. The connective tissue layer, in which the thread is implanted, treated with blue dye, 
toluidine, contains an increased number of mast cells, and at the same time they show a concentration 
to the vascular channels of microcirculation. The mast cells in their granules contain hyaluronic acid, a 
polysaccharide complex, which is a structural component of the papillary dermis granular layer of the 
epidermis and is also available in the super�cial vessels of the skin. There is evidence that the reduction 
of the amount of hyaluronic acid affects the immune status of the skin, and that its inner dermal injection 
improves the structure of the skin. During the 40 days after planting, the smooth thread is surrounded by 
a thin capsule of connective �brosis tissue [22–25].

The reabsorption process begins after about 180 days post-implantation and is completed after a year.

Technique

The threads are inserted subcutaneously through a micro-hole, along main lines of the scars exerting a 
slight traction to lift the atrophic scars tissues. The number of wires implanted may vary according to 
the material of the thread used and to the form, chosen by the operator. To place an individual thread, 
the surgeon guides the straight needle through the incision and into the subcutaneous plane. For some 
anatomic locations, it is advantageous to bend the needle to more easily allow it to follow the dynamic 
face lines. The needle is advanced in this plane in a zig-zag movement along the marked trajectory. Once 
anchored, this zig-zag placement of the suture limits retrograde motion along the suture and results in 
an implanted suture that is longer than the drawn trajectory. This maximizes the number of barbs in 
the subcutis and theoretically provides more stability of the translocated skin. Movement of the needle 
and suture through the subcutis is generally well tolerated by patients. If the straight needle moves 
super�cially to this plane it is immediately apparent as linear dimpling of the overlying skin. If the needle 
enters into the deep subcutis or approaches the muscle fascia or periosteum, the patient will report the 
sensation of pain or pressure. At any point, the straight needle may be partially or completely removed 
and repositioned. Anesthesia is not necessary and it will be suf�cient to cool the treated area with dry 
ice [26,27].

Contraindications

•	 Current acute acne or skin diseases

•	 Systemic infections

•	 Allergic anamnesis

•	 Treatment with immune suppressors

•	 Uncontrolled hypertension or anticoagulant regimes

•	 Recurrent herpes simplex (requires antiviral prophylaxis)
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•	 Predisposition to form keloids

•	 Pregnancy or lactation

•	 Coagulation disorders

•	 Autoimmune disease

Advantages

Designed to be less invasive, it can reduce acne scars more quickly and with less risk than the conventional 
approach. And while thread lifts generally produce noticeable results almost immediately and with less 
risk and inconvenience than more intensive procedures, thread lift costs are quite reasonable compared 
with traditional options. It is an innovative technique in the �eld of aesthetic medicine; the process has 
very little pain but improves the skin tone and its aspect.

Disadvantages

Limitations of these implants have included the protrusion of sutures through the skin, asymmetry of 
cosmetic effect, often require correction with additional sutures, and limited durability of effects.

Post-Treatment

The down-time lasts for 3–4 days. Mild complications such as swelling, bruising, and subjective feelings 
of “tightness” usually resolve within 1–3 weeks.

Since this technique may be released with intense pressure, patients must initially avoid strenuous 
exercise or movements that could dislodge the tightened skin from the hundreds of barbs along the 
sutures. Non-peer-reviewed data from the manufacturer demonstrates that in laboratory rats these sutures 
develop a �brous capsule that becomes well integrated into the dermis and subcutaneous tissue over 
several months. A similar process in human skin can lead to a long-lasting cosmetic effect. The actual 
long-term durability of the tightening effects of these sutures is unknown. Early adopters of this procedure 
have demonstrated maintenance of cosmetic effects at 6 months.

After the intervention the patient will have to:

•	 Disinfect the points where sutures were introduced with antiseptic solutions for 3 days

•	 Not take hot liquids and solids for 3 days

•	 Not take alcoholic beverages for 2–3 weeks

•	 Limit mimic activity for 7 days

•	 Limit gym, sauna, swimming, and direct solar exposure for 3–5 weeks

•	 Take antibiotics for 3–5 days if more suture packs are required for surgery

•	 Sleep supine with a cushion side-by-side if the surgery was on the face, neck or abdomen

Results

Clinical patients achieve some improvements in the smoothness of the skin, and in the depth and 
dimension of the scars. The number of treatments required varies depending on the individual condition 
of the tissue and desired results, and will be determined by the dermatologist (Figure 9.8).

After Treatment

Rapid lifting of the treated acne scars is visible already at the end of the treatment. The patient can re-start 
their normal activities at the end of treatment.
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After 2 Months

Marked improvement after 1–2 months. The skin gets better in the skin tone as well. It improves the 
appearance of acne scars.

Adverse Reactions and Management of Complications

The most common adverse reaction is edema and erythema for 24–48 hours after treatment and 
hematomas at implant hardening small transients. High sensitivity in the treated area usually disappears 
within 1–3 days following treatment. In extreme cases, the threads can be extracted after 20 days by a 
small incision and extraction with a clamp.
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Fractional Photothermolysis in Acne Scars

Gillian Beer, Patrick M. Zito, Adrianna Gonzalez, and Kenneth R. Beer

Introduction

The use of lasers to treat acne scars has been available for decades. Initially, the use of pulsed dye lasers was 
advocated to reduce the redness associated with acne scars. However, as technology advanced, it became 
evident that vast improvements in the shape and depth of acne scars (Figure 10.1) could be obtained by 
using fractional photothermolysis. Initially developed by Manstein et al., fractional photothermolysis is a 
technology that removes fractions of the skin by causing microscopic areas of thermal damage [1]. Fractional 
ablative removes fractions of skin while fractional non-ablative heats columns of skin. The intact skin then 
aids in the healing process via extrusion of necrotic debris. With fractionated thermolysis, the thermal injury 
spans the epidermis and super�cial dermis. The stratum corneum can be relatively spared depending on the 
energy setting utilized [2]. Ultimately the energy level used determines the depth and diameter.

Since realizing its role in skin resurfacing, both fractional ablative and non-ablative lasers have 
been used to treat acne scars, in addition to scars from surgical and traumatic injuries. In addition, the 
utilization of various adjunctive treatments such as growth factors, stem cells, and other types of lasers 
in combination with fractional thermolysis have ushered in a new era of treatments for acne scars.

Whereas early treatments for acne scars included subcision, trichloroacetic acid (TCA) peels and 
surgical correction, newer fractional lasers offer the promise of safety and ef�cacy in which acne scars 
may be signi�cantly improved.

Since the last edition of this book, newer research and improved technology have brought the use 
of lasers to the forefront in the treatment of acne scars. This chapter will review newer data as well as 
consider some future directions. Consideration will be given to the role of ablative fractional resurfacing, 
non-ablative fractional resurfacing and combinations of these treatments with other modalities.

Fractional Ablative Resurfacing

CO2 laser resurfacing has been used to treat the skin for more than 20 years. While the early lasers were 
used to treat photoaging, they have since been used to treat scars resulting from trauma, surgery, burns 
and acne. Ablative resurfacing utilizes light-based energy to destroy columns of skin. Surrounding the 
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ablative zone is a zone of thermally coagulated tissue. Following injury a reparative process occurs that 
produces new collagen, elastic �bers and epidermis.

Newer versions of the CO2 utilize fractionated laser beams rather than non-fractionated devices. By 
doing so, columns of cells remain intact. These non-treated columns help to rejuvenate the skin. When 
utilized on acne scars, the formation of new collagen and epithelium can improve their appearance. During 
the past few years, the use of lasers to treat acne scars has had several improvements. By employing 
combinations of modalities, the treatment of acne scars has signi�cantly improved.

There are many manufacturers of CO2 lasers. Each has its own bene�ts and risks. Many excellent 
manufacturers produce CO2 lasers and each has its own settings. In Dr. Beer’s of�ce, the Lumenis CO2 
laser is used, and settings mentioned will be provided for that device. For some super�cial scars, the 
Active FX hand piece is used. It has a 1.3 mm spot size that matches the size of many small acne scars and 
this spot size can be delivered in a variety of patterns and densities. This allows the laser to be adjusted 
so that different amounts of energy can be delivered to different densities.

The Active FX creates “a shallow, broad crater that can extend into the super�cial papillary dermis” [4]. 
After anesthesia is obtained, settings of between 85 and 125 mJ may be used with a density of between 2 
and 4. Different shapes and sizes for the beam pattern are employed depending on the size and distribution 
of the scars. When using the Active FX, Ramsdell advocates settings for the face of approximately 
100–125 mJ with density settings of between 2 and 4 with a higher density used for acne scars [4].

Following this procedure, new collagen and epithelium will grow with a signi�cant effect on scars. 
Deeper scars may be treated with the DEEP FX handpiece, which has a beam size of 0.12 mm. When 
using this device, DEEP FX settings of between 15 and 22.5 will produce narrow, deep columns of 
damage that will be repaired with new collagen, elastic and epithelium. The depth of this modality has 
been demonstrated to be 416 um at 15 mJ, which correlates nicely to the depth of many acne scars [5].

The ideal interval between treatments has been the subject of great debate. One group of authors has 
compared treatments done at 1 month with treatments done at 3 months [6]. Patients selected for this 
treatment had CO2 laser treatments performed for acne scars. The laser used was the Lumenis Ultra Pulse 
with the DEEP FX at 17.5–22.5 mJ at a density of 3. This was followed by an Active FX treatment with 
a setting of 100 mJ and a density of 3. After treatment, there were similar results in both groups with no 
difference in adverse events. Although there was a small sample (13 people) the data suggest that both 
groups improved with the laser treatment. This study con�rms the ef�cacy of CO2 laser for acne scars.

Combination Treatments for Acne Scarring

One combination that includes several modalities employs 20% TCA, subcision and fractional CO2 laser 
resurfacing [7]. This combination was used on 114 patients who had mostly rolling acne scars. Following 

Normal Ice pick Rolling

Boxcar Hypertrophic
Brown spot

hyperpigment

FIGURE 10.1  Classi�cation of acne scars. (Adapted from Jacob et al. J Am Acad Dermatol. 2001;45(1):109–17 [3].)
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these treatments, 90% of the patients treated were “satis�ed” with their results. This study was not blinded 
and used a simple four-point scale rather than image analysis to determine improvement. However, the 
fact that 90% of patients saw an improvement is signi�cant.

Another combination treatment that looked at the role of lasers for the treatment of acne scars compared 
autologous fat grafts with platelet-rich plasma (PRP) with or without a fractional CO2 laser [8]. These 
authors used autologous grafts with PRP to treat atrophic acne scars in 30 patients and measured the 
degree of improvement with the FACE-Q scale. The FACE-Q scale is a patient reported outcome (PRO) 
instrument used to measure the satisfaction of facial procedures.  It is composed of 40 plus scales and 
checklists designed to measure adverse effects, appearance, health-related quality of life. PRP was 
harvested using the RegenLab THT tube. Using a CO2 laser with this combination provided no advantage 
compared with the group that did not receive laser. The authors concluded that both groups bene�ted from 
the micrograft/PRP with no bene�t from the laser.

Ramsdell advocates the use of punch excisions prior to treatment of ice pick scars with CO2 laser. 
For this treatment, the ice pick scars (Figure 10.1) are anesthetized with 1% lidocaine and small punch 
biopsies (2–3 mm) are used to cut the scar. Using forceps, the scar is elevated and then secured into place 
so that it has a �at surface with the adjacent skin. After about 7–10 days the suture may be removed and 
CO2 laser is used to resurface the area using the settings outlined previously. With this combination, 
signi�cant improvements in recalcitrant scars may be achieved.

PRP in conjunction with CO2 laser has also been used to treat acne scars. One study compared 16 patients 
with acne scars treated with CO2 laser [9]. During the treatment, laser was performed on both sides and 
then one half of the face was treated with PRP while the other was treated with injections of saline. The 
authors concluded that the both sides had similar outcomes with scar improvement but that the side treated 
with PRP had signi�cantly more adverse events in the form of longer duration of erythema and edema.

Fractional Non-ablative

Fractional non-ablative lasers are useful for the treatment of acne scars. For patients that have super�cial 
acne scars or do not have the time for a fully ablative procedure, non-ablative resurfacing is a great 
alternative. Typically, these devices are used for super�cial scars in a series of treatments spaced out over 
the span of a few weeks or months. Non-ablative lasers do not vaporize the skin. Instead, they heat the 
tissues and stimulate reparative mechanisms to remodel. The injury caused by the laser is less than that 
associated with an ablative laser and results in faster healing.

Non-ablative laser treatments have been used for treating acne scars in dark skin. One study evaluated 
the use of nonablative laser for Fitzpatrick type IV–VI [10]. These authors treated skin type IV–VI patients 
with acne scars using non-ablative fractional lasers (Figure 10.2).

In order to qualify for the study, subjects needed to have at least �ve acne scars. Scars had to be 
symmetric to qualify to be treated. The investigators used a 1550-nm Fraxel laser using different 
density settings (200 versus 393 microthermal treatment zones [MTZ]) but the same �uence (40 mJ) to 
treat patients at intervals of 4 weeks. Patients who completed the four treatments noted an improvement 
in the appearance of the scars for both settings with a minimal difference between the densities used. 
They concluded that this laser was safe and effective for treating acne scars. However, they noted a 
high incidence of hyperpigmentation following the procedure. This adverse event was signi�cantly 
higher at the higher density settings.

Fractional Ablative vs. Fractional Non-ablative

It is well known that fractional ablative resurfacing offers signi�cant improvements in acne scars. 
However, this treatment has been associated with multiple adverse events including persistent erythema, 
scarring, infection and pigment changes. Researchers have studied if the risks of complications are worth 
the improvement in acne scars. One group of authors compared ablative fractional CO2 with ablative CO2 
(non-fractionated), Er:YAG and fractional erbium 1550 nm [11]. Researchers within this group conducted 
a retrospective review of 58 patients who were treated for acne scars. Settings used for the ablative 
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fractional laser were “50 mJ, power of 30 W and density of 150 spots/cm2.” A total of three to �ve 
sessions were performed. For the non-ablative fractional laser, settings were as follows: “30 mJ/MTZ 
and at a total density of 2500 MTZ/cm2. Treatment levels varied from 4 to 6.” Each patient was treated 
with between three and �ve treatments. Er:YAG and non-fractionated CO2 lasers were also used in this 
study but are no longer in common use, so they are not detailed here. These authors found that all groups 
bene�ted from the treatments although some had to be repeated after 6–12 months. The data suggests 
that the ablative fractional laser is about as effective as the non-fractionated CO2 laser with signi�cantly 
less erythema. Interestingly, those that received non-ablative fractional resurfacing had signi�cantly less 
improvement and were less satis�ed than the patients treated with ablative lasers. Based on this study, it 
seems reasonable to utilize ablative fractional resurfacing as a primary mode of treatment for moderate-
to-severe acne scars. These authors believe that three treatments with 2-month intervals are the best 
treatment for these types of acne scars.

Summary

Treatment of acne scars can be complex, requiring a balanced understanding of skin types, classi�cation 
of acne scar, depth of scars, settings of lasers, and understanding the interaction of ablative and non-
ablative lasers on various skin types. Non-ablative and ablative fractionated lasers have a role in the 
treatment of acne scars. Different modalities are being combined with fractionated lasers such as PRP 
and TCA peels but more studies are needed before de�nitive recommendations can be made. Current 

(a) (b)

(c) (d)

FIGURE 10.2  Before and after treatment from baseline to 24 weeks of a South Asian woman, Fitzpatrick skin Type IV. (a) 
Right cheek at baseline. (b) Right cheek at week 24 – 12 weeks after four treatments at lower density settings, 40 mJ, 11% 
coverage. (c) Left cheek at baseline. (d) Left cheek at week 24 – 12 weeks after four treatments at higher density settings, 
40 mJ, 20% coverage. (From Alexis AF et al. Dermatol Surg. 2016;42(3):392–402. With permission. [10])
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studies are dif�cult to compare with each other due to different parameters of the study. For this reason, 
with regard to Asian patients, it appears that a greater number of treatments with lower settings offer 
ef�cacy at a lesser risk of post in�ammatory hyperpigmentation [12]. In Fitzpatrick skin types IV–VI, 
non-ablative fractional resurfacing is an effective and treatment for acne scars; however, precautions must 
be taken to avoid hyperpigmentation [10]. Utilization of lower temperatures and conservative measures 
to prevent post-in�ammatory hyperpigmentation should be used.
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Non-Ablative and Ablative Devices in Acne Scars

Vic A. Narurkar

Introduction

Acne scars are polymorphous and require a multidimensional approach to successful treatments. 
Scars can be atrophic, hypertrophic, sharply marginated, incongruous, distensible and non-distensible. 
Surface anomalies could include erythema, hypopigmentation and hyperpigmentation. The advent of 
lasers, light sources and radiofrequency has added signi�cantly to the treatment and management of 
post-acne scarring. It is imperative to understand the indications for the class of devices to create a 
successful algorithm in incorporating devices for the treatment of post-acne scarring. This chapter 
will review the various light sources, non-ablative and ablative lasers, and radiofrequency devices for 
acne scarring.

Flash Lamp-Pulsed Dye Laser at 585 and 595 nm

The �ash lamp-pulsed dye laser (FPDL) was one of the �rst lasers utilized to treat hypertrophic and 
erythematous scars [1,2]. The primary target of the FPDL is oxyhemoglobin. Therefore, the primary 
objective of using this device is to improve the erythema, which is often prominent in early acne scars. 
In addition to erythema, improvement in the texture of scars has been observed, leading to the hypothesis 
that a non-ablative mode of dermal remodeling and collagen production is involved. Higher �uencies of 
FPDL are indicated for hypertrophic scars and lower �uencies for atrophic scars. The FPDL has also 
been shown to have a coincidental improvement of active acne, although this has been a hotly debated 
topic. The mechanisms for acne clearance involve collateral damage to sebaceous glands and destruction 
of Propionibacterium acnes. Transforming growth factor (TGF)-β1 messenger ribonucleic acid has been 
shown to be increased in patients after FPDL treatments. TGF-β is known to be a potent stimulus for 
neocollagenesis and also promotes resolution of in�ammation, which may explain the dual bene�ts of 
FPDL in active acne resolution/erythema resolution and long-term improvement in acne scars. Three to 
�ve sessions with FPDL spaced 4–6 weeks apart are usually necessary (Figure 11.1).

Broadband Light Sources with Filters (Intense Pulsed Light)

Broadband light uses selective �lters, the majority of which are in the visible light range. Hence, it was 
appropriate to utilize these devices in a similar manner to the FPDL for the non-ablative treatment of acne 
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scarring [3]. As with FPDL, three to �ve treatment sessions are usually necessary and the indications are 
similar to those with FPDL—primarily subtle atrophic and hypertrophic scars, with the primary goal being 
the improvement of visible erythema. Coincidental improvement of active acne has also been reported.

Photopneumatic Therapy

Photopneumatic therapy utilizes lower wavelength photons in the 420–500 nm range as broadband light 
sources compared with traditional visible light �lters in broadband light [4]. A concurrent vacuum is 
applied at the time of light delivery, allowing for dermal targets to be closer to the surface, allowing for 
more ef�cient light delivery. These devices primarily treat active acne, as the target is Propionibacterium 
acnes. Subtle improvements in shallow non-distensible and erythematous scars, similar to those with 
FPDL and intense pulsed light (IPL) are also seen (Figure 11.2). It is also possible that stretching the 
skin with the vacuum may create some mechanical forces that may lead to long-term dermal remodeling.

Long-Pulsed 1064 nm Lasers

The long-pulsed (LP) 1064 nm lasers were originally developed for hair reduction in darker skin tones. 
Coincidental improvement in skin texture and tone was observed in hair reduction patients, leading 
physicians to utilize these lasers for the treatment of post-acne scarring. The primary chromophore for the 
LP 1064 nm laser is water, with some absorption by hemoglobin, although signi�cantly less than that by 
FPDL and IPL sources. Therefore, similar to the other non-ablative devices, the LP 1064 is also indicated 

(a) (b)

FIGURE 11.1  Distensible erythematous acne scars (a) before and (b) after three treatments with 585 nm �ash lamp-pulsed 
dye laser.

(a) (b)

FIGURE 11.2  Concurrent improvement of active acne and distensible erythematous acne scars (a) before and (b) after 
�ve treatments with photopneumatic therapy.
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for a subtle improvement of distensible non-erythematous acne scars [5,6]. The inherent wavelength of 
these devices also makes them a better option for treating darker skin tones. It is imperative to utilize 
lower �uencies and excellent cooling with these devices, as higher �uencies and poor cooling could 
actually promote scarring. Histology shows neocollagenesis, similar to that seen with other non ablative 
devices. Treatment intervals are 2–4 weeks apart and necessitate three to �ve treatment sessions.

Q-Switched 1064 nm Lasers

The Q-switched 1064 nm lasers employs an optomechanical shutter, allowing for nanosecond delivery 
of laser pulses at the 1064 nm wavelength. The laser was originally developed for the treatment of 
decorative tattoos of blue–black ink. The mechanism of tattoo removal is primarily photoacoustic, while 
the mechanism for dermal remodeling for acne scars is a combination of photoacoustic effects and 
absorption by water, leading to dermal collagen remodeling [7]. This is the safest laser in darker skin 
tones and does not require contact cooling. Lower �uencies are indicated for acne scarring, in comparison 
with decorative tattoo removal. Three to �ve treatment sessions, spaced 4–6 weeks apart are necessary.

Picosecond 755 and 1064 nm Lasers

The most recent advance in lasers for acne scars utilize picosecond pulse duration lasers of 755 and 
1064 nm [8,9]. Picosecond lasers utilize primarily photoacoustic versus photothermal energy. The 
predominance of photoacoustic energy reduces risks of thermal injury and therefore increases safety, 
especially in darker skin tones. Holographic beam splitters in a picosecond domain and diffractive lens 
arrays in a picosecond domain create primarily dermal effects leading to neocollagenesis.

1320 nm Laser

The 1320 nm was the �rst laser to be studied speci�cally for non-ablative resurfacing of rhytids. The 
mechanism was to utilize the 1320 nm wavelength, which has deep penetration into the dermis, bypassing 
the epidermis and protecting the epidermis with cryogen cooling. The results with rhytids have generally 
been disappointing, but the results with non-distensible acne scarring have been better [10].

1450 nm Diode Laser

As with the 1320 nm laser, the 1450 nm diode laser was originally developed for non-ablative resurfacing 
of rhytids. A coincidental observation of the 1450 nm laser was its effect on the sebaceous gland, causing 
thermal necrosis [11]. Hence, lesions of active acne vulgaris improved after a series of treatments. The 
non-selective absorption of water and the deeper penetration permitted the concurrent dermal remodeling 
and neocollagenesis, allowing this laser to also be utilized for scarring.The deeper penetration allowed for 
the treatment of more signi�cant scarring, unlike some of the other non-ablative devices such as FPDL, 
IPL and 1064 nm lasers. Atrophic, as well as �at and hypertrophic scars can be treated successfully. A 
series of three to �ve treatments, spaced 4–6 weeks apart is indicated. The concurrent improvement of 
acne is also a bonus. The main limiting factor of the 1450 nm diode laser is the signi�cant discomfort, 
necessitating the use of strong topical anesthetics.

1540 and 1550 nm Non-Ablative Fractional Lasers

The most signi�cant advance in the treatment of acne scarring is the development of non-ablative 
fractional laser resurfacing in the mid-infra red region [12,13]. These lasers were originally developed 
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for skin resurfacing for photodamage because ablative laser resurfacing had signi�cant risks while 
non-ablative laser resurfacing produced minimal results. While these lasers offer excellent results in 
resurfacing for mild-to-moderate photodamage, the most impressive results are seen with post-acne 
scarring. The chromophore is water and the depth of penetration is up to 1 mm and beyond in the 
dermis. The laser energy is delivered in a fractional array of microbeams, either in a stamped fashion 
(1540 nm laser) or a random pattern (1550 nm). The fractional mode of delivery creates microscopic 
areas of injury. Treatment densities and �uencies can be adjusted based on the extent of acne scarring, 
anatomic location and skin tone. All skin colors can be treated with safety. The fractional mode of 
energy delivery reduces bulk heating, which has been the major source of complications in both 
ablative and non-ablative lasers. All types of acne scars—ice pick, rolling, boxcar, distensible, non-
distensible and erythematous can be treated successfully (Figure 11.3). Moreover, hypopigmented 
scars can also be treated successfully with non-ablative fractional laser resurfacing. The need for 
adjuvant treatments of ice pick and bound down scars (e.g., subcision) has been reduced considerably 
since the advent of fractional laser resurfacing. Three to seven sessions, spaced 4–6 weeks apart are 
indicated.

Ablative 2940 and 10600 nm Fractional Lasers

The development of ablative 2940 and 10600 nm lasers [14] was promoted due to the need for fewer 
treatments in skin resurfacing compared with non-ablative lasers and to reduce risks with traditional 
ablative laser resurfacing at these wavelengths. These devices are relatively new and there is limited 
data on the ef�cacy with acne scarring. The 2940 nm wavelength shows the greatest af�nity for water 
but with higher �uencies needed for ablation still produces greater bleeding. The 10600 nm wavelength 
is best utilized with higher �uencies, allowing for deeper penetration. There have been some reports of 
impressive improvements with the fractional 10600 nm ablative laser for acne scars with fewer treatments 
than with the non-ablative fractional lasers [15].

Radiofrequency with Microneedling

Microneedling with radiofrequency creates thermal zones of injury without targeting the epidermis 
[16]. The delivery of radiofrequency energy via microneedle source involves the use of insulated 
microneedles that prevent electrothermal damage from occurring anywhere in the dermis except at the 
tip of the needle. The depth of the needles can be adjusted from 0.5 to 3.5 mm based on depth of injury. 
Neocollagenesis occurs presumably through release of growth factors. Since the epidermis is spared, 
healing is accelerated and there is lower risk of post-in�ammatory hyperpigmentation, especially in 
darker skin types.

(a) (b)

FIGURE 11.3  Polymorphous acne scars (a) before and (b) after �ve treatments with 1550 nm non-ablative fractional laser 
resurfacing.
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Traditional 2940 and 10600 nm Ablative Lasers

Traditional ablative laser resurfacing employs 2940 or 10600 nm wavelengths. These devices have lost 
popularity due to prolonged healing and recovery, and with the case of 10600 nm ablative laser resurfacing, 
signi�cant risks of hypopigmentation. The traditional 10600 nm ablative laser offered advantages over the 
traditional 2940 nm ablative laser due to greater hemostasis. The advent of longer pulsed 2940 nm lasers 
now can produce better hemostasis. For acne scarring, the ablative 2940 nm may offer advantages over 
10600 nm due to deeper penetration, thereby allowing the treatment of a wider variety of acne scars [17–19].

Combination Therapies

Table 11.1 summarizes the monotherapy approach for the treatment of acne scars. It is evident that, as with 
facial rejuvenation, the approach to acne scarring requires a multimodal approach. This is especially true for 
ice pick scars, deep scars and communicating scars. Punch excision is often necessary if scars are extensive 
and ice pick in nature, although the need for this has been considerably reduced with the advent of non-ablative 
fractional laser resurfacing. Subcision is indicated when scars are bound down and have communicating sinus 
tracts. Dermal �llers are indicated when there is still atrophy despite treatment with devices.

Conclusions

A variety of devices are successful in treating post-acne scarring. The non-ablative devices include the 
FPDL, IPL, LP 1064 nm laser, QS 1064 nm laser, 1320 nm laser and 1450 nm laser. These non-ablative 
devices are best for subtle, shallow acne scarring and acne-associated erythema. The 1320 and 1450 nm 
may offer additional bene�ts for more extensive scarring. The non-ablative fractional lasers include 
the 1540 and 1550 nm laser and are considered the gold standard for acne scarring, treating the widest 
variety of polymorphous acne scars and diminishing the need for punch excisions and subcisions. The 
ablative fractional lasers include the 2940 and 10600 nm lasers have been introduced more recently and 
may offer similar results to non-ablative fractional lasers, but with fewer treatments. Traditional ablative 
lasers include the 2940 and 10600 nm lasers, and, while effective for post-acne scarring, carry signi�cant 
recovery and risks. Devices are best employed in acne scarring in combination with subcision, punch 
excisions and dermal �llers for complete treatment.

TABLE 11.1

Summary of Laser and Light-Based Devices for Acne Scars

Device Mode
Type of Acne Scars for Optimal 

Treatment

585 nm, 595 nm �ash lamp-pulsed dye laser Non-ablative Erythematous and distensible scars

Broadband light, photopneumatic therapy Non-ablative Erythematous, hyperpigmented and 
distensible scars

Long-pulsed 1064 nm laser Non-ablative Distensible acne scars, subtle pitted scars

Q-switched 1064 nm laser Non-ablative Distensible acne scars, subtle pitted scars

1320 nm laser Non-ablative Distensible acne scars, subtle-to-
moderate pitted and boxcar scars

1450 nm laser Non-ablative Distensible acne scars, subtle-to-
moderate pitted and boxcar scars

1540 and 1550 nm lasers Fractional non-ablative Polymorphous scars

2940 and 10600 nm lasers Fractional ablative Polymorphous scars

2940 and 10600 nm lasers Ablative Polymorphous scars
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Surgical Techniques: Subcision, Grafting, 
Excision, and Punch Techniques

Rohit Kakar, Farhaad Riyaz, Megan Pirigyi, and Murad Alam

Introduction

Anecdotal experience and medical investigation have shown that most cases of acne scarring cannot 
be solved by a single “best” treatment. Acne scars come in a variety of structures and depths, and 
each of the currently available treatments is ideally suited to address a subset of this spectrum. While 
resurfacing procedures are useful in resolving texture and pigment irregularities caused by shallow-
to-medium-depth acne scars, �llers are more effective at augmenting depressed, distensible scars. The 
surgical interventions described in this chapter, including subcision, dermal grafting, excision and punch 
techniques, are often the best options for improving the deepest and most �brotic forms of acne scarring 
in addition to correcting super�cial scars.

Both subcision and dermal grafting are aimed at achieving long-term augmentation of depressed acne 
scars with indistinct borders. Subcision, or subdermal undermining, is designed to treat rolling acne 
scars that result from abnormal �brous tethering of scar surfaces to deeper structures. Due to their 
underlying physiology, these scars are not amenable to correction by �llers alone but may be improved 
when subcision is used to disrupt the �brous bands below their surfaces. Dermal grafting involves 
implantation of an autologous strip or plug of dermis into a subcised recipient pocket and may achieve 
long-term augmentation of deeper depressed scars caused by dermal loss.

Excision and punch techniques are used to replace deep, sharply delineated scars, such as ice pick 
and deep boxcar scars, with less conspicuous secondary defects. In elliptical and punch excision, this 
is accomplished by surgical removal of a scar and careful closure of the resultant defect to create a �at, 
linear scar that lies along a relaxed skin tension line. Punch grafting entails replacing an excised scar 

KEY FEATURES

•	 Treatment approaches for acne scarring should be individualized and primarily 
determined by the morphological features of each patient’s scars.

•	 The surgical interventions described in this chapter are indispensable in the revision of 
deep and �brotic acne scars.

•	 Subcision is a simple, well-tolerated procedure capable of producing long-term 
improvement of rolling acne scars.

•	 Dermal grafts are autologous implants that may provide permanent augmentation of 
depressed acne scars.

•	 Excision and punch techniques remain the treatments of choice for deep, sharply punched-
out acne scars.

•	 All the procedures that are described in this chapter may be incorporated into multistep 
treatment plans tailored to address patients’ individual needs.
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with a full-thickness, autologous punch graft, and punch elevation involves preserving an excised scar 
base and allowing it to rise to the level of the surrounding skin.

For all of the surgical techniques described in this chapter, careful patient selection and ongoing 
communication are paramount. While these procedures have the potential to improve the appearance 
of even the most severe forms of acne scarring, patients must have realistic expectations and should be 
counseled regarding the degree of improvement they are likely to achieve. Although irregularities in 
contour, texture and pigmentation may be ameliorated, complete erasure of a scar is highly unlikely. 
Since many patients have a variety of different acne scar types and because some of these treatments 
involve the creation of secondary defects, a combination of different procedures over the course of many 
months is often required to produce optimal results. In addition, when designing a treatment strategy, 
the clinician should carefully consider a patient’s willingness to accept downtime. Before recommending 
any scar revision procedure it is crucial to obtain a thorough medical and surgical history. Patients with 
increased risk of keloid and hypertrophic scarring and those with active or recently active acne are not 
good candidates for surgical scar revision [1] (Table 12.1).

Subcision

History

In 1995, Orentreich and Orentreich introduced the technique of subcision as a stand-alone treatment 
for depressed scars and wrinkles [2]. Subdermal undermining of scars, however, was used as early as 
1957 when it was described as a method to prepare sites for �brin foam injection [3]. Since that time, 
undermining has been used frequently in conjunction with �brel implantation [4,5], microlipoinjection, 
[6] and dermal grafting [7] procedures.

Structure and Function

Subcision is designed to address the underlying pathophysiology of rolling acne scars. These scars appear 
as broad, undulating depressions on the surface of the skin and lack the sharply delineated edges seen 
in boxcar and ice pick scars. Despite their super�cial appearance, rolling scars result from deep �brous 
attachments tethering the epidermis to the subcutis. Subcision is designed to sever these �brous bands 
while causing minimal damage to the overlying skin. Typically, this technique results in elevation of the 
depressed scar to the level of the surrounding skin. The originators of this technique, David and Norman 
Orentreich, propose that the augmenting effect seen after subcision is the result of two distinct processes 
[2]. An immediate, partial elevation results from the scar base being cut free from the downward pull 
of its tethers [2,8]. In the weeks following subcision, additional augmentation of the depressed defect 
is typically observed. This subsequent elevation is thought to result from trauma caused during the 
procedure, which initiates a wound-healing response culminating in the deposition of new connective 
tissue beneath the scar surface [2,9].

TABLE 12.1

Patient Characteristics that are Possible Contraindications for Surgical Scar Treatment

Characteristic Reason for Contraindication

History of poor wound healing or tendency 
toward keloid formation/hypertrophic scarring

Risk of unacceptable secondary defect

Unreasonable expectations for improvement Complete elimination of a scar is highly unlikely. Optimal 
results may require a combination of treatment modalities 
over the course of several months

Active or recently resolved acne lesions Disruption of pilosebaceous units during surgical 
procedures may lead to the formation of acneiform cysts
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Technology

Indication

Subcision is best used to treat rolling acne scars with normal-appearing overlying skin and a lack of 
sharply delineated borders [2]. It is contraindicated for areas of active infection and in patients with 
bleeding diathesis or a tendency toward keloid formation [2]. Other cutaneous depressions, such as rhytids, 
depressed skin grafts, surgical wounds and cellulite dimples are also considered valid indications for 
subcision [2,10].

Advantages/Disadvantages

The main advantage of subcision is that it has the potential to produce long-term improvement in the 
appearance of rolling acne scars while causing minimal injury to overlying skin. The procedure is easy 
to perform and is generally safe and well tolerated. Although it may cause some bruising and swelling, 
the recovery time is brief. Furthermore the required materials are both inexpensive and widely available.

One disadvantage of subcision is that a single treatment is not guaranteed to produce substantial 
improvement. Since the �nal result of the procedure depends on the unique wound-healing response of 
the individual, it is often dif�cult to predict the outcome of an initial treatment [2]. In order to achieve 
optimal results, some patients require several treatment sessions or adjunct procedures such as resurfacing 
or �ller injection [2].

Complications

Erythema, bruising, edema and tenderness are expected sequelae and may persist at the subcision site for 
1–2 weeks [2,11]. Another potential complication is the formation of cystic acneiform lesions, which are 
thought to result from disruption of acne sinus tracts or pilosebaceous units [2,11].

While partial improvement of a depressed scar is common, an excessive or hypertrophic response may 
also occur in 5%–10% of cases [2,11]. An excessive response usually results in a small, palpable induration 
at the treated site [12]. Such areas of �rmness may not be visible and may typically �atten over time. 
Patients may be informed that palpable but invisible bumps may be desirable to the extent that they tend 
to improve the smoothness of the �nal skin contour.

Combination Possibilities

Subcision may be readily combined with other treatments such as �ller injection, laser resurfacing, 
needling or cryorolling, microneedling with radiofrequency, trichloroacetic acid peeling or chemical 
reconstruction [13–19]. In many instances a combined treatment protocol will produce superior results, 
especially when rolling scars are interspersed with other forms of acne scars.

Practical Advice for the Clinician

Some bleeding and ecchymosis during the procedure is considered normal and bene�cial, as the collection 
of blood beneath the defect may instigate new collagen formation [11] (Figure 12.1).

Prior to treatment it is important for patients to understand that complete improvement after a single 
treatment with subcision is unlikely and several sessions may be required to achieve maximal correction.

Technical Procedure

Before beginning the procedure, the skin is cleansed and the depressed scars are carefully outlined using 
a surgical marking pen. The sites are then in�ltrated with a solution of 1% lidocaine with 1:100,000 
epinephrine. The anesthetized area should extend far enough beyond the borders of each scar to allow for 
painless needle insertion. Once adequate anesthesia and vasoconstriction has been obtained, a tri-bevelled 
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hypodermic needle [2] or Nokor needle [11,12] (Becton Dickinson, Franklin Lakes, NJ, USA) is inserted 
into the skin adjacent to the depression and advanced until it lies directly beneath the scar (Figure 12.2). 
The depth of needle insertion will depend upon the severity of each scar, with more super�cial scars 
being subcised at the level of the mid-dermis and more deeply depressed scars being undermined in the 
deep dermis or subcutis [11].

The subcision needle is initially moved forwards and backwards in a tunneling motion to pierce through 
the �brotic scar tissue (Figure 12.2). Once the �brous mass is suf�ciently fragmented, the needle is swiped 
side-to-side in a direction parallel to the skin surface to free the scar from its tethers (Figure 12.2). For 
densely �brous scars it may be useful to use multiple needle insertion sites to undermine the defect from 
different angles [1]. Upon severing the �nal tethers, the skin may visibly elevate. Following the procedure, 
antibiotic ointment and a compression bandage may be applied [1].

Modi�cations to this procedure have been suggested. Altering the instrument has been the primary 
focus of technique advancement: bending the subcision needle at a 90° angle to prevent penetration of 
and/or damage to the skin [20]; using a needle holder for the Nokor needle to create horizontal orientation 
and avoid withdrawing [21]; using an 18- or 21-gauge metal spinal needle cannula (Hakko Co., Chikuma, 
Japan) that demonstrated a high cure rate [22]; using a 20-gauge cataract blade due to its increased 
sharpness, increased control of depth and precision, longer cutting distance, and easier grasp of the handle 
[23]; and injecting a tumescent solution followed by the use of a blunt blade in order to avoid needlestick 
injury [24]. All of these modi�cations have demonstrated improvement of acne scars.

A recent device innovation has been the Taylor Liberator, a long metal apparatus with a handle, a shaft 
and a fork-like tip. Inserted through a nick into the super�cial subcutis at the preauricular area, this is 
advanced from that ipsilateral single point to the area under acne scars in the mid-cheek and the perioral 
area. Bene�ts include the need for fewer entry points and less epidermal trauma. The instrument must be 
kept super�cial throughout its course to avoid excess trauma and transient paresthesia.

An additional suggested enhancement involves attempting to physically lift the treatment area. Patients 
who underwent suctioning with a microdermabrasion device on the third day after subcision and continued 
every other day for at least 2 weeks had a signi�cant improvement [25]. Similarly, although not studied 
for use with acne scars, the creation of a looping suture at the center of an atrophic scar that is pulled 
vertically upward to create a virtual plane via retraction during subcision improved scars [26]. The authors 

FIGURE 12.1  Immediately following subcision there may be bleeding and ecchymosis at the treated sites. This is expected 
and may be bene�cial in promoting the formation of new collagen beneath the depressed scars.
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FIGURE 12.2  Subcision. (a) A Nokor needle (Becton Dickinson, Franklin Lakes, NJ, USA) is inserted at an angle into 
the skin adjacent to the scar so that its blade lies directly beneath the depressed area and is parallel to the skin surface. The 
needle is �rst advanced in a back-and-forth tunneling motion to pierce through the �brous tissue. (b) Next, the needle is 
swept from side-to-side beneath the scar to ensure that all tethers are cut. (c) After healing the scar is no longer bound down 
to the subcutis and its surface has elevated.
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contend that lifting allows for the release of retracted bands located at a deeper plane, which may be of 
utility with deeper, more tethered acne scars and requires further research [26].

Management of Complications

If a cyst forms at a subcision site, it may be treated with intralesional steroid injection and oral antibiotics. 
Induration caused by a hypertrophic response usually disappears without intervention, but resolution may 
be accelerated by daily �rm �ngertip massage of the sites [12] or low-dose intralesional corticosteroid 
injections [1,2,11].

Dermal Grafting

History

Dermal grafts and dermal fat grafts have been used since the 1930s [27] but were initially employed 
primarily for the correction of defects in organs other than the skin [11,28,29]. For many decades the 
use of dermal grafts in the skin was limited due to their tendency toward cyst formation and inconsistent 
results [28,29]. Recent improvements in harvesting and graft placement techniques have allowed dermal 
grafting to gain acceptance as an option for permanent augmentation of cutaneous depressions [29].

Structure and Function

In the dermal grafting procedure, a depressed recipient site is undermined immediately prior to 
implantation of the graft. This step is intended to create a recipient pocket lined with highly vascular 
granulation tissue that can accept the graft and promote anastomosis of capillaries [28]. It is thought that 
this encourages rapid restoration of circulation to the graft and is consequently responsible for the high 
success rate of the procedure [28].

Technology

Indication

Dermal grafting is indicated for the correction of broad (3 mm to 2 cm in diameter) and linear scars 
that are soft and distensible [28,30]. Like subcision, dermal grafting can augment depressed scars while 
leaving the overlying epidermis largely intact, so it is best suited to treat scars with normal overlying skin 
and a lack of sharp walls. Dermal grafting has also been used to augment wider, deep rhytids such as 
nasolabial folds and glabellar creases [28] and to correct deep nasal and alar rim defects resulting from 
Mohs surgery [31].

Advantages and Disadvantages

Dermal grafting is a useful technique for correcting deep contour defects and the grafts have several 
advantages over other augmenting agents. They are readily available, inexpensive, nonallergenic implants 
that are autologous and not susceptible to rejection [7,29]. They also have the potential to provide long-
term or permanent correction [29]. They also can be precisely created to match the size and shape of 
nearly any depressed area [7]. Dermal grafting spares a scar’s surface from injury and typically results 
in only mild bruising and swelling, similar to subcision.

The primary disadvantage of dermal grafting is the requirement of a donor site, and patients and 
physicians may be reluctant to create a new defect for this purpose. In addition, although dermal grafts 
have some advantages over other �llers, the process of harvesting and implanting the grafts is considerably 
more time consuming and challenging than alternative augmenting procedures. The recent increased 
availability of numerous safe and relatively long-acting prepackaged injectable soft-tissue augmentation 
materials has resulted in a reduced interest in dermal grafting.
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Complications

Following dermal grafting, some bruising, edema and crusting at the insertion sites are expected [7]. The 
most frequent complication is cyst formation, which has an incidence of approximately 10% [31]. The best 
way to avoid this outcome is to take meticulous care to completely remove the epidermis and appendageal 
structures from the donor sites before harvesting grafts [29].

Combination Possibilities

Multiple dermal grafts taken from a single donor site may be implanted at different sites during the 
same procedure. Patients may also undergo resurfacing via dermabrasion, chemical peeling or laser 
therapy at the time of graft placement or following healing [29,32]. Although no formal studies have been 
conducted with dermal grafts, platelet-rich plasma may potentially serve to enhance results, as shown with 
autologous fat grafts with and without laser resurfacing for various scar types [33,34].

Practical Advice for the Clinician

Although dermal grafting is recommended for the treatment of distensible scars, one or two sessions of 
subcision can make some �brotic scars soft enough to accept dermal grafting [29].

When selecting punches to harvest round dermal grafts, it should be noted that while epidermal punch 
grafts are normally designed to be slightly larger than their recipient sites to allow for graft shrinkage, a 
dermal punch graft should exactly match the size and shape of the recipient defect [29].

Technical Procedure

There is some difference of opinion concerning the optimal preparation for dermal grafting. While 
Swinehart recommends undermining a scar 10–14 days prior to graft placement and then again at the time 
of the procedure [28], others prefer to subcise the scar only at the time of dermal grafting [29]. Regardless 
of whether this additional step is taken, scars should be examined carefully with overhead and tangential 
light immediately prior to dermal grafting and both the scars and donor site should be carefully outlined 
with a marker pen. Photographs should be taken before and after marking, and postmarking photographs 
should be available as a reference during the procedure.

Next, both sites are typically injected with 1%–2% lidocaine with 1:100,000 epinephrine for local 
anesthesia and hemostasis. The donor site, usually the postauricular crease, is then de-epithelialized to a 
level below the papillary dermis using either dermabrasion [7] or a resurfacing laser [30]. Care should be 
taken to remove all appendageal structures, especially sebaceous glands that may lead to cyst formation if 
left behind [29]. The method of graft harvesting is then determined based upon the size and shape of the 
defect to be corrected. A scalpel or laser may be used to collect linear strips of dermis, while appropriately 
sized punches are ideal for producing grafts destined for small, round scars. The grafts should be placed 
in chilled sterile saline and, if necessary, should be precisely trimmed to �t the recipient scar sites [28].

The scar should then be freshly undermined to create a pocket underneath its depressed surface. For 
small, round scars, grafts may be inserted into their recipient pockets through the opening made by the 
subcision needle and manipulated into place with diamond-tipped Jewelers forceps [28] (Figure 12.3).

For the correction of large linear scars, Goodman suggests using an intravenous cannula to undermine 
the scar and provide a means of guiding the graft into place [29]. The cannula is inserted into one end 
of the linear defect, passed forward and backward several times to create the recipient pocket, and 
then passed out via the distal end of the scar [29]. The plastic sleeve surrounding the instrument is 
left within the wound as the introducer is removed so that the sleeve protrudes from both ends of the 
recipient pocket [30]. This sleeve acts as a tunnel into which one can pull a dermal graft attached with 
a polydioxanone suture to a straight needle [16]. The needle is passed through one end of the tunnel 
until the graft is about to enter the sleeve, then the trailing end of the graft is grasped with Jewelers 
forceps so that it can be more easily manipulated into its �nal position [29]. With the graft still held by 
the Jewelers forceps, the sleeve and graft are pulled through the recipient tunnel as a unit so that the 
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FIGURE 12.3  Dermal grafting. (a) The depressed scar is �rst subcised to create a recipient pocket for the graft. (b) 
Using Jewelers forceps, a freshly harvested dermal graft is inserted into the recipient pocket through the incision made 
by the subcision needle. (c) Upon completion of the procedure, the depressed area is augmented to the level of the 
surrounding skin.
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plastic sleeve is removed, and only the sutured graft remains in the tunnel [29]. Once the graft is in a 
satisfactory position, the Jewelers forceps are removed and the suture is cut proximally [29]. Removal 
of the suture from the graft is not required. If necessary, the ends of the graft may be secured in place 
with highly degradable sutures and the ends of the recipient tunnel may be closed with Steri-Strips (3M 
Corp, St. Paul, MN, USA) or �ne degradable sutures [28]. Finally, the donor site should be closed using 
a running horizontal mattress suture [29].

Following the procedure, the patient should be advised to immobilize the graft site as much as possible 
for 1–2 days in order to maximize graft survival [29]. Immediate results of dermal grafting are typically 
very good, with complete or nearly complete correction of the defect evident upon dressing removal [28]. 
Unfortunately these impressive initial results may not be permanent as grafts often lose volume over 
time. Nonetheless, in Goodman’s 1997 study involving 11 patients with 32 dermal grafts, 84% of the 
grafts provided substantial improvement or complete correction of defects at follow-up periods from 3 
to 30 months [30].

A modi�ed technique describes mincing grafts with a #15 surgical blade or curved iris scissors to 
form smashed dermal grafts, moldable to any shape and suitable for boxcar, rolling, linear or irregular 
geometrical scars [36]. The smashed dermal grafts are aspirated into 1 mL tuberculin syringes with 
18-gauge needles and inserted with graft-holding forceps. This may be followed by external manipulation 
until maximum correction is achieved [36].

Management of Complications

In the event of cyst formation, intralesional corticosteroid injections may be used. Alternatively, cysts 
may be drained or excised [28].

Excision, Punch Elevation and Punch Grafting

History

Excision and punch techniques have been used for several decades in the treatment of deep, atrophic acne 
scars [8,36–41]. These techniques remain indispensable for the correction of acne scars whose depth 
precludes correction by resurfacing and whose irregular scar bases and sharply de�ned walls make them 
unsuitable candidates for �ller correction.

Technology

Indication

Elliptical or punch excision should be used when one’s aesthetic goal is to replace a prominent scar with 
a less conspicuous linear, super�cial scar. Punch excision is indicated for the treatment of ice pick and 
deep boxcar scars that are <3.5 mm in diameter [1]. Scars larger than 3.5 mm should be removed with 
elliptical excision so that the resultant wound can be repaired more effectively without the risk of standing 
cone formation. Excision is also often the best option for the treatment of acne scars with cutaneous 
bridges or persistent cysts and tunnels [42]. It may also be an option for certain hypertrophic or keloidal 
acne scars [35] (Table 12.2).

For some patients with ice pick and deep boxcar scars, punch grafting may produce better cosmetic 
results than excision, particularly if the scars are in regions of the face where linear defects are not easily 
hidden in relaxed skin tension lines. Punch grafting is only feasible, however, if the patient has a suitable 
donor site with skin that matches the scar site in color and texture. Punch grafting is most successful in 
less mobile areas of the face such as the forehead and upper cheeks [35] (Table 12.2).

Punch elevation has a very narrow indication for deep boxcar scars with bases that are smoothly 
textured, normal in pigmentation, and not �brotic. The scar must also have vertical walls, as a scar that 
tapers along its depth does not have a large enough base to �ll its surface opening (Table 12.2).
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Advantages and Disadvantages

Excision and punch techniques have a distinct advantage over nonsurgical scar revision techniques in 
their capacity to substantially improve the appearance of ice pick and deep boxcar scarring. Until the 
development of the focal trichloroacetic acid chemical reconstruction of skin scars technique for the 
treatment of narrow ice pick scars [43], cold-steel surgical techniques were the only effective treatments 
for deep, sharply punched-out acne scars and scars with irregular atrophic bases.

The primary disadvantage of all excision and punch techniques is that they necessitate the creation 
of secondary defects. The concept of replacing old scars with fresh ones may be unappealing to some 
patients and physicians. In addition, these procedures are unlikely to produce optimal results in patients 
with tendencies toward poor wound healing. It should be noted that some patients develop severe acne 
scars due to a propensity toward abnormal healing, and these particular patients would be poor candidates 
for these interventions. Even when performed in well-selected candidates, excision and punch techniques 
carry the risk of leaving behind conspicuously elevated or depressed scars. Punch grafting has the added 
disadvantages of requiring a donor site and involving the risks of graft extrusion or visual mismatch 
between the graft and recipient skin.

Complications

Following elliptical excision, depression and widening of scars may occur, particularly in regions 
of high sebaceous gland activity [44,45]. This outcome is best prevented by careful patient selection 
and meticulous technique. Care should be taken while excising the defect to preserve as much 
subcutaneous tissue as possible to act as an anchoring foundation for the healing wound [44]. A 
precise suturing technique [46] and the use of Steri-Strips (3M Corp., St. Paul, MN, USA) for up to 
10 days following the procedure [47] can prevent scar spread. When planning to treat more substantial 
areas of scarring, large excisions should be avoided in favor of a series of small excisions performed 
at 4–6-week intervals [46].

Some complications of punch transplantation include poor graft take, graft extrusion, depressed grooves 
around the margins of the grafts, depressed or elevated grafts, and color or texture mismatch between 
grafts and surrounding skin. To prevent these outcomes, the donor site should be carefully selected prior 
to the procedure. The risk of depressed borders around the grafts or depression or elevation of the grafts 
themselves can be minimized by ensuring that the graft is slightly larger in diameter than the recipient site 
and using Steri-Strips to hold the grafts in place for a minimum of 5 days [48]. To decrease the chance of 
graft extrusion, patients should be advised not to touch or press on their graft sites and to minimize their 
facial movements for the 3 days following the surgery [48]. In addition, grafts are less likely to succeed 
in the lower cheeks and perioral area due to mouth and jaw movement. If grafts are placed in these areas, 
extra care should be taken to secure them in place and patients should be strongly advised to limit talking 
and chewing for several days following the procedure [48].

In punch elevation, the most frequent complication is persistent elevation of a plug above the level of 
the surrounding skin [48].

TABLE 12.2

Indications for Excision and Punch Techniques

Technique Indicated Scar Types

Punch excision Ice pick scars; deep boxcar scars <3.5 mm in diameter

Elliptical excision Ice pick scars; deep boxcar scars ≥3.5 mm in diameter; 
scars with bridges, cysts or tunnels

Punch grafting Ice pick scars; deep boxcar scars

Punch elevation Deep boxcar scars with vertical walls and scar bases that 
match surrounding skin in texture and pigmentation
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Combination Possibilities

Excision and punch techniques are frequently combined with resurfacing procedures in order to improve 
the appearance of secondary defects. Traditionally, dermabrasion is performed 4–8 weeks after excision 
or punch grafting [38]; a newer alternative is to perform a single combined procedure of excision or punch 
grafting and laser resurfacing [49,50]. A split-face randomized study comparing punch elevation followed 
by two treatments of fractional carbon dioxide (CO2) laser separated by a 1-month interval to fractional 
CO2 laser alone for atrophic acne scars found the combination to be more ef�cacious [51].

Practical Advice for the Clinician

Since excision and punch procedures involve the creation of secondary defects, it is essential that patients 
have realistic expectations prior to undergoing these treatments. Patients should be well informed about 
the potential outcomes and should be willing to accept the possibility that subsequent procedures, such 
as laser resurfacing, may be necessary to produce an optimal result.

With all of these techniques it is possible to treat multiple areas simultaneously. If two or more scars 
are to be excised, they should be at least 4–5 mm apart to prevent excess traction during healing [1]. If 
multiple punch transplants of different sizes are to be performed in a single procedure, it is helpful to 
devise a way of organizing and labeling the grafts before starting.

In punch grafting, careful donor-site selection is crucial. The postauricular area is most frequently used, 
but if it is not a good match with the recipient site or if it has active acne lesions, other sites including the 
preauricular area, supraclavicular area, posterior arms and hairline may be considered [48].

Technical Procedure

Prior to an excision or punch procedure, scars are examined and marked, the treatment area is cleansed 
and the tissue is in�ltrated with 1% lidocaine plus epinephrine (1:100,000). For all punch techniques, 
a variety of disposable punch biopsy instruments are available with diameters ranging in 0.25 mm 
increments from 1.5 to 3.5 mm (Goodman GJ, unpublished work). The walls of the punches are seamless 
and straight.

For punch excision, a punch instrument is selected that is just large enough to encompass the scar 
and its walls [1]. The �rst �nger and thumb are placed on either side of the scar and used to create 
outward traction perpendicular to a resting skin tension line [35]. This creates an elongated wound that 
will be camou�aged along a natural facial line. The punch is inserted at a 90° angle and inserted to 
the level of the subcutaneous fat; the scar will easily lift out unless the base is overly �brotic. Forceps 
and iris scissors can be used to gently release the scar from any �brous attachments if necessary [1]. If 
smaller than 2 mm, a wound may be left to heal by second intention [28] or may be closed with one or 
two simple interrupted sutures [1]. Punch sites larger than 2.5 mm may heal better when closed with a 
single buried deep suture [1]. Any epidermal sutures are removed within 7 days to prevent track-mark 
formation [1].

Elliptical excision is preferable to punch excision for acne scars larger than 3.5 mm. A scalpel blade is 
used to excise a longitudinally oriented ellipse along a resting skin tension line. The scar is encompassed 
at the center of the ellipse and the wound angles are 30 degrees or less to allow for aesthetic closure 
[35]. Undermining may be used to mobilize the wound edges for tension-free wound closure [47]. Small 
excisions may be closed with buried dermal sutures [46] while larger excisions may be closed with several 
simple, interrupted sutures [1] or buried vertical mattress [35] sutures.

To perform punch elevation, a punch instrument is chosen that exactly matches the diameter of the scar 
base (Figure 12.4). The punch is inserted down to the level of subcutaneous fat so that the tissue may be 
manipulated [48]. Next, forceps are used to gently elevate the scar base until it sits slightly higher than 
the surrounding surface, and the tissue is held in place for 1 or 2 minutes until a coagulum forms beneath 
it [48] (Figure 12.4). The plug is then secured in place using sutures, Dermabond (2-octyl cyanoacrylate, 
Ethicon, Inc., Somerville, NJ, USA), or Steri-Strips [19]. The area is covered with a topical antibiotic and 
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dressed with gauze, and the patient is instructed to gently wash the area and reapply a topical antibiotic 
twice a day [1].

Prior to punch grafting, an appropriate donor site is prepared and anesthetized in the same manner 
as the recipient site. First, the entire scar, including its walls, is excised (Figure 12.5). The punch should 
be inserted at a 90° angle to the skin surface with a twisting motion. In contrast with the punch excision 

Forceps

Scar base elevated
to sit slightly
higher than
surrounding skin

Improved
scar appearance

Punch being
inserted at 90˚

(a)

(b)

(c)

Scar opening

Outline of
scar beneath
surface

FIGURE 12.4  Punch elevation of a deep boxcar scar. (a) A punch is selected that matches the diameter of the scar base and 
is inserted at a 90° angle down to the level of the subcutaneous tissue. (b) Forceps are then used to gently elevate the scar 
base so that it sits slightly higher than the surrounding skin. (c) The elevated plug should �atten on its own during healing.
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FIGURE 12.5  Punch grafting of an ice pick scar. (a) A punch is selected that will fully encompass the scar and its walls 
and is inserted at a 90° angle with a twisting motion down to the level of the subcutis. (b) Next, forceps are used to remove 
the scar from the recipient hole. (c) A full-thickness graft that is slightly larger than the recipient hole is inserted using 
forceps. Its surface should rest slightly higher than the surrounding skin.
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procedure described before, care should be taken to avoid lateral stretching of the skin so that the resulting 
recipient hole will be perfectly round [42]. The excised scars are removed and discarded. A graft is then 
harvested using a punch 0.25–0.5 mm larger in diameter using the same procedure to create a full-
thickness, cylindrical graft. Use of a slightly larger graft is recommended because grafts have a tendency 
to contract while the recipient wounds may expand, and it is important for the graft to maintain contact 
with the margins of the recipient hole [38,42]. The graft is gently inserted and manipulated into the 
recipient site using forceps so that its surface rests slightly higher than the surrounding skin (Figure 12.5). 
The graft is either sutured or glued in place and secured with Steri-Strips and the donor site is sutured 
closed. Patients should be advised to limit their facial movements and to avoid touching graft sites for 
the �rst several days.

Management of Complications

As described above, the risk of complications from excision and punch procedures may be minimized 
through careful technique. With larger punch excisions and elliptical excisions, meticulous suturing 
is necessary to produce the least conspicuous secondary defects. In punch grafting, careful donor site 
selection, precise harvesting techniques and painstaking graft placement are all integral to the achievement 
of a good result.

When secondary defects are not aesthetically acceptable their appearance can often be improved with 
subsequent procedures. An elevated graft, plug or excision scar is often adequately managed by laser 
resurfacing that is performed approximately 4–8 weeks after the original procedure [40]. In the event of 
punch graft extrusion or the development of a depressed scar, the original procedure should be repeated 
[38,42].

In punch elevation, plugs that are initially elevated above the level of the surrounding skin usually 
�atten without intervention, but persistently elevated plugs may be planed with resurfacing performed 
4–8 weeks after the original procedure (Goodman GJ, unpublished work).

Additional Modalities and Future Developments

Although many of the surgical treatments for acne scarring have been in use for decades, there has 
been a limited amount of research evaluating the long-term response to these treatments and comparing 
outcomes from different modalities. While some treatments, such as dermabrasion, have fallen out of 
favor, novel treatments, newer protocols and more comparative studies continue to be reported. Further 
work on the aforementioned modalities in this chapter along with the discovery of new treatments may 
re�ne and/or enhance future outcomes.

Dermabrasion is the use of a motorized device with an abrasive material, such as a high-speed brush, 
diamond cylinder, fraise or silicon carbide sandpaper for removal of the epidermis and/or a portion of the 
dermis and for collagen formation [52–54]. It is purported to allow for the clinician to etch scar edges with 
increased accuracy, but without thermal injury [54]. Dermabrasion appears best suited for rolling scars 
and super�cial boxcar scars, but less useful for deeper acne scars such as ice pick or deep boxcar scars 
[54–56]. Previous studies have demonstrated ef�cacy similar to that of fractional lasers [57]. However, the 
procedure typically involves signi�cant pain, erythema, edema, long recovery times, a risk of scarring, 
dyschromia and milia formation [55,57].

Recent work in stem cell biology and regenerative medicine suggests that novel approaches to scar 
revision may be available in the future. Great strides have been made in elucidating the differences 
between the process of �brotic wound healing that leads to scarring and the pathways that produce 
perfect regeneration of injured tissues, a phenomenon that can be observed in human fetuses and other 
organisms [58]. Skin progenitor cells have already been identi�ed in mammals, and it is expected that by 
grafting such cells into injured skin and providing the right microenvironmental conditions, healing by 
regeneration may be induced [58]. Thus, it may eventually become possible to excise a �brotic scar and 
manipulate the resultant wound in such a way that it will be replaced by normal, healthy skin. A recently 
described therapeutic intervention study involves the use of stem cells for the rejuvenation and visual 
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improvement of scars. Stem cells are found in the bone marrow, adipose tissue and blood where they 
function as undifferentiated cells that can differentiate into specialized cells [59]. Ibrahim et al. found 
a signi�cant qualitative and quantitative improvement in 14 patients where acne scars were directly 
injected with autologous bone marrow stem cells [60]. Similarly, Zhou and colleagues evaluated the use 
of topical adipose-derived stem cells at baseline, 1 week after the �rst treatment and 1 month after each 
treatment with fractional CO2 laser for facial atrophic acne scars and skin rejuvenation [61]. Both groups 
saw an increase in subject satisfaction, elasticity and skin hydration, and decreased transepidermal 
water loss, roughness and melanin index. Histologic analysis from one patient showed an increase in 
dermal collagen and elastin densities [61]. Consequently, the use of stem cells may be considered as a 
sole treatment or in conjunction with surgical management for potentially improved outcomes. Recently, 
outpatient clinic-based stem cell treatments for various clinical indications have come under United 
States Food and Drug Association scrutiny and clinics have been sanctioned for unsafe practices and 
making untested claims.

Autologous fat transplantation, or fat grafting, is a treatment option that has been more recently 
explored for its use in acne scarring. Although originally described by Neuber in 1893, Coleman in 2006 
demonstrated an improvement of acne scars in a patient who underwent fat grafting [62,63]. Ef�cacy of 
the fat graft is thought to be related to adipose-derived stem cells that have the potential to differentiate, 
synthesize collagen and stimulate angiogenesis [64]. The fat graft is harvested and small parcels of fat 
are injected into multiple tunnels for maximal access to blood supply [59]. Results are best appreciated 
approximately 3 months following the procedure [59].

Seidel and Moy evaluated the use of twice-daily synthetic epidermal growth factor serum for acne 
scars. Following 12 weeks of treatment in eight patients, 25% had an excellent result and 37% had a good 
result [65]. A multitude of additional topical serums with stem cell additives are on the market that may 
be utilized to improve ef�cacy when combined with surgical treatments [59].

An additional potential adjunctive treatment that has undergone investigation is the use of low-
level light therapy (LLLT). Barolet and Boucher reported three patients with hypertrophic scars or 
keloids due to acne or surgery who underwent CO2 laser ablation and had one of two scars treated 
with a non-thermal, non-ablative near-infrared light-emitting diode 805 nm at 30 mW/cm2 for 30 days 
[66]. Following treatment, all three patients, including one patient with hypertrophic acne scars on the 
chest, showed improvement of visual impression, severity and skin surface topography compared with 
the untreated side. Although additional research is necessary, LLLT is thought to possibly decrease 
interleukin-6 and modulate transforming growth factor-β, which are associated with abnormal wound 
healing [67].

Alternatively, hair transplantation has been used to camou�age boxcar and rolling acne scars in the 
beard region of a patient with Fitzpatrick V skin type [68]. The authors describe the use of follicular 
unit extraction with donor supply taken from the submandibular and submental regions and placed 
in and around individual scars [68]. The acne scars were noted to be less visible and aesthetically 
acceptable [68].

Summary for the Clinician

Revision of acne scarring is a complex task in which treatment protocols are designed on a case-
by-case basis following critical evaluation of scar type, overall patient characteristics and thorough 
consideration of patients’ preferences, goals and budget [59]. Each scar revision technique is best 
suited to address a subset of scars and being equipped to treat the full range of acne scarring requires 
familiarizing oneself with a variety of surgical, non-surgical and resurfacing procedures. The surgical 
techniques described in this chapter are essential components of such a repertoire and are among the 
few procedures capable of improving deep and �brotic acne scars (Figure 12.6). The clinician should 
consider combining these surgical modalities with non-surgical and resurfacing procedures, which 
potentially function synergistically for a superior result [59]. Since severe acne scars are frequently the 
source of profound social and emotional distress for patients, learning these techniques is essential for 
the cosmetic dermatologist.
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Clinical Importance of Corrective Cover Cosmetic 
(Camouflage) and Quality-of-Life Outcome in 
the Management of Patients with Acne Scarring 
and/or Post-Inflammatory Hyperpigmentation

Aurora Tedeschi and Giorgia Giuffrida

Introduction

Acne is one of the most common dermatologic disorders that can be very distressing to patients. Facial 
lesions may cause depression, loss of self-esteem, quality-of-life deterioration, sexual dysfunction and 
increased prevalence of emotional distress compared with the general population [1,2]. Moreover, 
in�ammatory acne if not promptly and appropriately managed, may result in scarring with varying 
degrees of cosmetic dis�gurement. This may cause, or worsen, psychological problems, with the result 
of impairing the quality of life (QoL) [1].

Acne scars represent a dif�cult issue to manage: long-term therapy with topical retinoids may provide 
minimal improvement in mild cases [3] while surgical and medical procedural approaches, such as punch 
or handled elliptical excision, punch elevation, chemical peeling, dermabrasion and needling, may provide 
effective treatment only if managed by experienced practitioners. However, different types of scar may be 
present at the same time in the same patient, so the choice of the best treatment option may be troublesome 
and different techniques may be required in order to achieve satisfactory results [1,3].

Finally, the physician should carefully choose the procedures that are best able to treat the different 
types of scars successfully.

Camou�age, or corrective cover cosmetic (CCC), may be used as an alternative to medications, 
procedures, and surgery and is notably used as a temporary post-procedure cover for erythema resulting 
from dermabrasion, needling or chemical peel [1] (see Figures 13.1–13.5). In addition, CCC may also be 
used as an adjuvant to dermatologic therapy in order to enhance the outcome more than that achieved 
by therapy alone [4]. Finally, CCC is reported to improve mental well-being, self-esteem, and social 
acceptance [5–14].

Many dermatologists are reluctant on the use of makeup products in acne patients, since they are 
afraid of “acne cosmetica.” This is a particular variety of acne, described around the 1970s and caused 
or worsened by the use of inappropriate comedogenic cosmetics, an event that with appropriate patient 

KEY FEATURES

•	 Camou�age or corrective maquillage is based on the use of particular and tested cover 
products.

•	 It is a non-invasive technique that allows an immediate coverage of several skin conditions, 
including post-in�ammatory acne hyperpigmentation and super�cial acne scars.

•	 It does not interfere with the ongoing pharmacological therapies of cosmetics procedures.
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(a) (b)

FIGURE 13.1  Papules and post-in�ammatory erythematous lesions (a) before and (b) after camou�age.

(a) (b)

FIGURE 13.2  Post-in�ammatory erythematous lesions and scars (a) before and (b) after camou�age.

(a) (b)

FIGURE 13.3  Papules, post-in�ammatory erythematous lesions and scars (a) before and (b) after camou�age.

(a) (b)

FIGURE 13.4  Papules, pustules and post-in�ammatory erythematous lesions (a) before and (b) after camou�age.
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counseling, can be easily avoided [12]. In addition, the modern concept of health—intended, nowadays, 
not only as the “absence of illness” but also as “psycho-physical well-being”—point toward the use of 
CCC as an adjunct to the standard pharmacological therapies [6–14].

CCC is a corrective makeup used in the United States since the late 1960s based on the use of water-
resistant and concealing cover products that are able to correct and minimize skin defects that have 
resulted from various dermatological disorders.

Table 13.1 [6–14] reports the most common dermatologic disorders that can have bene�cial effects 
from CCC.

In our department, a CCC unit has been active from 2001 and different dermatoses, including post-
in�ammatory acne hyperpigmentation and acne scars have been successfully treated [6–14].

CCC procedure generally consists of two steps. The �rst regards a preliminary examination aimed 
to evaluate the need, expectations and likely outcome for CCC on patient lifestyle, and to provide more 
detailed information about the products. During this step, a QoL questionnaire is provided in order to 
investigate the relation between acne scarring and psychological discomfort [1].

After this preliminary consultation, CCC-eligible patients routinely undergo skin cleansing and 
hydrating procedures with nonallergenic and noncomedogenic/nonacnegenic products. The most 

TABLE 13.1

Selected Dermatoses Manageable with Corrective Cover Cosmetic

Acne

Acne scars

Achanthosis nigricans

Allergic contact dermatitis

Becker nevus

Blue nevus

Burn scars

Chloasma/melasma

Guttate idiopathic hypomelanosis

Lentigo

Lichen verrucosus

Melanocytic nevus

Nevus of Ota

Palpebral hyperpigmentation

Post-in�ammatory pigmentations of immunobullous disorders (i.e., pemphigus)

Psoriasis

Rosacea

Surgery scars

Telangiectasias

Xeroderma pigmentosum

Vitiligo

(a) (b)

FIGURE 13.5  Papules, pustles and post-in�ammatory erythematous lesions (a) before and (b) after camou�age.
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appropriate foundation is applied, from a color selection of light to very opaque, water-resistant or 
waterproof, noncomedogenic/nonacnegenic and/or hypoallergenic products, and �xed with a powder 
application.

Pigmentary changes are corrected through the application of green and/or yellow undercover, 
in order to respectively neutralize reddish and gray/brownish or blue defects; for post-in�ammatory 
hyperpigmentation from facial acne, green undercover is commonly used as a masking technique [1]. 
During the corrective cover makeup procedure patients are carefully instructed on how to correctly apply 
the products at home.

Patients are invited to return to the CCC clinic 2 weeks later in order to check the quality of their CCC 
technique and also to obtain follow-up on their QoL.

In our experience, despite an average CCC outcome, patients with acne scars and/or post-in�ammatory 
hyperpigmentation reported a higher degree of satisfaction with CCC compared with other patients 
affected by other dermatoses [1]. CCC products provided an immediate result in terms of coverage and 
with no recrudescence of acne observed [12].

Discussion

After its introduction in the late 1960s, the use of CCC has become popular worldwide from the 1980s 
[15–18]. It represents a non-invasive technique that allows an immediate coverage of some skin dermatoses, 
including post-in�ammatory acne hyperpigmentation and acne scars. Dermatologists should be aware of 
this simple and safe procedure and should be able to suggest the best cover products to meet every speci�c 
demand as well to educate patients to their correct use [12].

Importantly, CCC products are not conventional “glamour” or “fashion” makeup products. Advanced 
noncomedogenic and nonacnegenic formulations developed by trusted companies known in the 
dermatologic community are developed containing a high percentage of pigments and a wide range of 
colors in order to cover different types of dermatoses in different skin phototypes [12,19].

Unfortunately, CCC products remain somewhat less successful in covering acne scars than for other 
other dermatologic disorders, and this is primarily due to the dif�culty in “�lling” hypotrophic scars, 
while the shadows from such scars (i.e., acne pitting) remain visible [1].
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Acne Scarring and Asian Patients

Evangeline B. Handog, Maria Juliet E. Macarayo, and Chee Leok Goh

Introduction

Asians, categorically belonging to the brown race [1] and identi�ed as a skin of color [2], are more of a 
heterogeneous group, considering several factors as migration and intermarriages [1]. Generally classi�ed 
as having Fitzpatrick skin type IV–V and Lancer Ethnicity Scale IV [1,3], Asian skin now encompasses 
skin phototypes II–V with skin tone varying from the lightest to the darkest shade of brown [4].

Acne vulgaris and its sequelae, post-in�ammatory hyperpigmentation (PIH) and scarring are not 
uncommon among Asians. Attempts to treat the acne, at any of its stages, is a common practice. With 
the Asian population having different cultural practices and beliefs, delays in treatment have been noted. 
However, from the time we originally wrote this chapter 7 years ago, there has been a notable rise in the 
consciousness of the Asian populace as to the menace acne can bring if left unattended. Hence, there has 
been an increase in acne consultations in most of the hospitals and clinics around Asia.

Management practices are evolving, yet acne scarring remains a problem. With the introduction of 
newer laser and light devices, doors have been opened to many possibilities for acne scar treatment. Many 
Asian dermatologists, with access to these devices, have created their own study trials and have shaped 
experiences to �t the Asian skin.

Acne Vulgaris among Asians: What Recent Studies Say

There are many skin diseases unique to each race [2] but acne vulgaris is one condition common to all, 
including Asians. It is considered one of the top reasons for patient consultation in dermatological clinics 
[2,4–6].

From 2011 to 2016, there were 475,967 consults in the 11 training institutions of the Philippine 
Dermatological Society; of these, there were 45,085 (9.47%) Filipino patients seen and treated for acne, 
with new cases accounting for 32,948 (6.9%). Two thirds were females and only a third were males, with 
an age range from less than a year to 67 years old [7]. A high percentage of Filipino dermatologists see 
at least 10 acne patients a week of varying types and degrees in their clinics, making it one of the most 
common reasons a patient would seek a consultation (Handog EB, unpublished data).

Similarly, in Singapore-based studies, acne has always been among the top ten conditions for which 
patients seek treatment [8–10]. In a ten-year (2004–2013) epidemiological study on adolescent (<25 years) 

KEY FEATURES

•	 Acne vulgaris remains as the leading cause of dermatological consults in Asia.
•	 Acne scarring is a common sequela of untreated acne vulgaris, even among Asians.
•	 Early management of all types of acne vulgaris help prevent scarring.
•	 Several modalities to treat acne scars are available for Asian patients, with variable results.
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and post-adolescent (≥25 years) acne conducted in Singapore by Han et al. [11], an increasing number 
and proportion of acne cases with a consistently higher number among females than males, was shown. 
Subgroup analysis, however, showed more male patients among the adolescent acne group (61.3% males 
vs 38.8% females). Post-adolescent acne comprised 30% of all the cases seen, with more females than 
males (69.0% females vs 31.0% males). As to acne types, comedonal acne was noted to be more prevalent 
among adolescents and cystic acne among the post-adolescent group. Interestingly, 40.5% of the post-
adolescent acne subjects reported acne from adolescence persisting into adulthood. Among the adult 
persistent acne and adult onset acne groups, truncal acne occurred more often with the former, and 
pustular lesions frequented the latter. Singapore is a good example of a country with an intermix of Asian 
races (i.e., Chinese, Malay, Indians). Although the study recorded an increase in the number of acne cases 
in all races, the Chinese had the highest number and proportion of acne vulgaris seen.

A recently published pro�le study of acne vulgaris in Nepal [12] showed a low acne frequency of 
1.068%. Patient age varied from 13 to 45 years with more patients in the 16–20 year group (mean age 
19.78 years). Although a male-to-female ratio of 1.25:1 was noted, acne in the older age groups showed 
a higher number among females and the degree of acne was more severe. Duration of acne ranged from 
1 month to 25 years, with a mean of 45.55 months. Similar to other studies, Nepalese patients with a 
longer duration of acne had a more severe type. Facial acne predominated but the back, chest, and neck 
were likewise involved. Comedonal acne was observed in all patients and the ratio of non-in�ammatory 
to in�ammatory lesions was 8.55:1.

A multicenter epidemiological study of acne in Korea involving 1,236 participants [13] revealed a 
signi�cant male-to-female ratio of 1:1.6 with more females in the older age group (19–35 years old) and 
carrying a longer acne duration (mean 7.7 years). Facial acne affected both sexes but the perioral area 
showed a female preponderance. Acne on the nose, neck, chest and back were more common among males. 
A more recent 10-year (2004–2013) multicenter study on 180,782 acne patients completed by the Korean 
Society for Acne Research [14] revealed a similar higher number among females. Adult acne (>18 years 
old) still accounted for the majority of cases (83.8%) with 14.4% belonging to the adolescent acne group 
(13–18 years). Childhood acne (<13 years old) at a proportion of 1.8%, had a male-to-female ratio of 4:6. 
There was a 60% increase in the total number of acne patients within the 10-year study and the authors 
attributed this signi�cant rise to the increased awareness of Koreans about acne and its complications.

It is interesting to note that among the studies done on acne in Asian patients, different acne severity 
assessment grading systems were used [12,15–17]. As such, there exists no uniformity, even among 
experts, on how acne severity must be evaluated. Although each one has a sound basis, confusion may 
arise when different grades and terms are implemented.

The psychosocial effects of acne can never be underrated [6,15,17–20]. Among 429 Singaporeans, 17–35 
years of age, more than half expressed embarrassment and self-consciousness with their acne condition, 
with a third considering it an interference in their social or leisure activities [6]. Even the perception of 
the severity of one’s acne varied greatly with the actual physician’s objective assessment, affecting the 
patient’s treatment-seeking behavior [6,15].

Etiopathogenesis of acne vulgaris has been known to be multifactorial and this is true for all races and 
ethnicities [4,6]. All forms and degrees of acne may be experienced by Asians but the severe nodulocystic 
form occurs to a lesser degree [21] and PIH, on the other end, is almost always a notable sequela [4,5,12, 
15,16,21–23].

Acne Scarring among Asians: What the Data Shows

Scarring is a dreaded outcome of acne vulgaris and can occur in all levels of acne severity [24]. If acne 
vulgaris affects the quality of life of its sufferers, more so does scarring [25]. In�ammatory acne, if left 
untreated or incurred a delay in treatment, is likely to result in scarring (Figures 14.1 and 14.2). Moreover, 
studies have shown that this dreaded endpoint can even occur in non-in�ammatory acne or in acne 
classi�ed to be mild [24–27].

In the past three decades, several acne scar classi�cation systems have been proposed and used [28]. 
As with the assessment of acne severity, different acne scar studies utilized different modes of evaluating 
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their acne scar patients. In simpler terms, true acne scarring may result from either a loss or excess in 
tissue formation [1]. The latter is seen as hypertrophic or keloidal scarring and has been noted to have a 
higher incidence among Asians, compared with Caucasians [29] (Figures 14.3 and 14.4). Atrophic scars, 
represented by ice pick, rolling, and boxcar scars, are the most common type of acne scarring seen in 
many races and ethnicities, including Asians (Figure 14.5).

Post-acne scarring was observed in 39.5% of the Nepalese patients in Jha’s study, with the cheeks 
involved in all the cases. Ice pick scars were the most common type. A longer disease duration of more 
than 3 years were noted to be a factor in the tendency for acne scarring [12]. Among adolescent acne 
patients in Hong Kong, scarring and pigmentation, considered as a re�ection of acne severity, were noted 
to be higher than the western population and were more commonly seen in females [20]. Hazarika and 

FIGURE 14.1  Severe acne leading to scarring.

FIGURE 14.2  Papulopustular acne.
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Rajaprabha, however, in a study conducted in a suburban Indian population, noted that scarring affected 
the male gender more than females (86 vs 38%) [30].

Acne scars are commonly observed along with the acne lesions of many Filipino patients. All types of 
acne scars were seen by Filipino dermatologists, with a predominance of the atrophic scar type, managed 
mostly using lasers and light, chemical exfoliation and microneedling. Hypertrophic scars, on the other 
hand, were managed mostly by intralesional corticosteroid injection with or without the aid of laser and 
light devices, and topical silicon application. Post-acne hyperpigmentary changes were predominantly 
seen compared with hypopigmentation. Chemical peeling using trichloroacetic acid (TCA), glycolic or 
salicylic acid , was a common choice for dealing with acne scars. This procedure was performed once or 
twice monthly by the majority with a notable 50% improvement (Handog EB, unpublished data).

FIGURE 14.3  Hypertrophic scars.

FIGURE 14.4  Keloidal scars.
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Papular acne scars of the nose and chin have been proposed as a distinct entity, different from elastolytic 
scars predominantly seen on the chest and trunk [31,32]. This entity is not uncommon among Asian 
patients. Management with CO2 laser ablation or cauterization may, however, lead to hypopigmentation. 
Lee, et al [33] presented two Korean females, aged 34 and 20 years, treated with the pinhole method 
using an erbium:yttrium–aluminum garnet (Er:YAG) laser with a hydrocolloid dressing applied for a week 
after treatment. The �rst case had a good aesthetic result after a single treatment with no sign of relapse 
even after a year post laser. The second case had two sessions with a 1-month interval with a signi�cant 
cosmetic result.

Recently, Chaudhary and associates [34] compared the treatment outcome of different chemical peels 
and surgical procedures in the management of acne scars among 80 Indian patients. They found a male-
to-female ratio of 1.2:1 with 62% belonging to the adolescent age group and a duration of acne scars of 
2–5 years. Boxcar scars were the most common type, followed by rolling and ice pick scars. Four groups 
of 20 patients each were designated either to (A) glycolic acid with serial increase in concentration from 
35 to 70% fortnightly for a minimum of 10 sessions, (B) 95% TCA chemical reconstruction of skin scars 
(CROSS) every month for a minimum of four sessions, (C) microneedling/dermaroller every 6 weeks for a 
minimum of three sittings, and (D) subcision every month for a minimum of four sittings. Microneedling 
showed the highest percentage reduction in acne scar score, followed by TCA CROSS, subcision, and 
glycolic peel. Improvement of acne scars with surgical management over chemical exfoliation was 
statistically signi�cant. Only seven out of the 80 patients reported adverse events. Common were prolonged 
erythema and hematoma for the surgical treatment and pigmentary changes with chemical peels.

Dealing with Acne Scars among the Asian Population

Once scarring develops, it is very dif�cult to treat. It is not possible to restore the skin back to normal. At 
present, all modalities intended to treat acne scars do not eliminate them completely.

The majority of patients are concerned with PIH and post-in�ammatory erythema (PIE) (Figures 14.6 
and 14.7). Topical management with skin lightening agents together with daily sunscreen, a practice 
among Asian dermatologists, usually suf�ce. In fact, the PIH can fade in time.

FIGURE 14.5  Atrophic scars.
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FIGURE 14.6  Post-in�ammatory hyperpigmentation.

FIGURE 14.7  Post-in�ammatory erythema.



130 Acne Scars

Chemical peeling is still a favorite modality for treating PIH, PIE, and acne scars among many dermatologists, 
especially in Asia. This may be due to the lower cost of this procedure. However, its effectivity is in�uenced 
by many factors such as the kind of existing acne scars and the patient’s age and skin type.

When treating post-acne scars, it is essential to differentiate scars (atrophic and hypertrophic) from 
macular marks (PIH and PIE). The latter are self-limiting and clear with time, but atrophic, hypertrophic, 
and keloidal scars tend to persist without treatment. Management options include technologies which 
are either energy or non-energy based [35]. Energy-based devices include ablative and non-ablative 
lasers, fractional radiofrequency, intense pulsed light and plasma skin regeneration. Non-energy-based 
technologies are the subcutaneous incisionless surgery or subcision, dermabrasion and microdermabrasion, 
microneedling, dermal �llers and chemical peels. Various surgical modalities, lasers, and energy-based 
devices have been used to treat post-acne scars in Asians [36].

The improvement achieved with acne scar treatments among Asians is variable and may range from 10 
to 50%. Complications are not uncommon. Asian patients can develop hypertrophic and keloidal scars, 
especially those with a darker skin type. PIH, however, is the most common complication from procedural 
treatments of acne scars [37,38]. More than 40% of Asian patients who undergo aggressive laser treatment 
for acne scars will experience some degree of PIH. Although various measures have been tried to reduce 
PIH following laser treatment, pre- and post-laser application of skin whitening agents (e.g., hydroquinone) 
has been contentious [39,40]. Sun avoidance and sunscreens, however, have been shown to be effective.

Hypertrophic and Keloidal Scars

Hypertrophic scars tend to resolve spontaneously over time but keloidal scars are best treated with 
intralesional triamcinolone injections. Surgery tends to provoke aggravation of keloidal scars.

Pulsed-dye lasers, set at the lowest �uence to produce mild purpura, have been used to decrease the 
volume of hypertrophic scars. Skin texture and pliability were noted to improve together with reduction 
in the degree of erythema [41]. This device has been tried by Asian dermatologists, with variable rates 
of success for hypertrophic scars.

Atrophic Scars

Surgical Techniques

Ice pick, boxcar, and rolling scars often occur simultaneously [36] (Figures 14.8 and 14.9). Surgical techniques 
often employed for atrophic scars include subcision, punch or elliptical excision, and punch elevation.

The subcision technique aims to free the �brous bands within the scar and is used mainly for rolling 
scars. Insertion of a Norkor needle or an 18-gauge needle horizontally in the deep dermis with a sweeping 
motion releases the �brous bands and enables the skin to become distensible again. Bruising and hematoma 
are common complications.

Punch or elliptical excision is used for ice pick scars and boxcar scars <3 mm diameter. Removal of 
the whole scar up to the subcutaneous fat is done with a punch biopsy instrument under local anaesthesia. 
The gap is then sutured using 6–0 suture with avoidance of excessive traction. Complications include 
scarring and infection.

Punch elevation is done for boxcar scars >4 mm diameter. The procedure consists of a punch excision 
around the walls of the scar down to subcutaneous fat. The �oating punched specimen is then �xed at a 
slightly elevated level to the surrounding skin by sutures or Steri-Strips. Complications include scarring 
and infection.

Dermal Fillers

Dermal �llers can be used to correct mild distensible atrophic acne scars [42]. Suitable dermal �llers 
include temporary (e.g., hyaluronic acid) and longer-lasting �llers (e.g., poly-L-lactic acid and calcium 
hydroxylapatite). Autologous fat transplant is another option. The duration of effect varies according to 
the type of �ller used. Hyaluronic acid is a safer option among the dermal �llers but it is short lasting.
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FIGURE 14.8  Pitted scars.

FIGURE 14.9  Depressed scars.
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Laser, Light, and Energy-Based Devices

Lasers and energy-based devices have been the gold standard for treating acne scars, with many devices 
introduced over the last two decades. Unfortunately, none has been shown to eliminate acne scars 
completely. Improvements of acne scars post-treatment ranged from very minimum to around 50% in 
Asian patients. A high incidence of post-procedural PIH was noted among Asians and, although various 
preventive measures have been tried including the use of pre- and post-treatment with skin whiteners 
[43,44], this was met with varying degrees of success.

Ablative Skin-Resurfacing Lasers

Ablative skin laser resurfacing with a scanner was the �rst laser procedure introduced to treat acne scars. 
It served as the gold standard, providing the best outcome of 50%–60% improvement of scars [45]. At 
present, it is rarely used due to its prolonged downtime and associated complications. Two to three weeks 
post-resurfacing, erythema and oozing are still evident, carrying a high risk of secondary bacterial and 
herpes simplex virus (HSV) infection. Even after 3–6 months post-treatment, erythema persists. More 
than 40% of Asian patients tend to develop PIH post- procedure [46]. In addition, overtreatment can lead 
to further scarring and delayed skin hypopigmentation. Most commonly used ablative lasers for this 
purpose were the CO2 laser (10600 nm) and the Er:YAG laser (2940 nm). Ablation of the full thickness 
of the epidermis and upper papillary dermis leads to the regeneration ofa healthier skin with improved 
skin texture. A single treatment is usually enough. Patients with the desire to further improve their scars 
may have more treatments, 12 months or more later.

Complications from this procedure include prolonged erythema (up to 12 months), protracted visible 
healing, dyspigmentation (PIH and delayed hypopigmentation), milia, acneiform eruption, infection, 
telangiectases and scarring. Those with history of HSV infection on the face should receive prophylaxis 
antivirals.

Non-ablative Lasers

To minimize downtime and complications from ablative laser resurfacing, a number of non-ablative lasers 
were introduced. These consist of diode lasers, neodymium-doped:YAG laser and other lasers that do not 
cause any epidermal injury. Heat is delivered into the dermis with water as the target chromophore, damaging 
the collagen in the dermis. This will stimulate the production of new collagen and improve acne scars. In this 
procedure, the epidermis is protected from thermal injury with epidermal cooling. Examples of such lasers 
include the Smoothbeam (1450 nm) and Cooltouch (1320 nm). Unfortunately, the treatment outcome was 
poor [47] such that these lasers end up seldom used. Complications (e.g., redness and PIH) are uncommon.

Fractional Photothermolysis Lasers

Fractional photothermolysis is now the preferred and gold standard for the treatment of acne scars. 
It provides middle-ground effects between ablative laser resurfacing and non-ablative laser for acne 
scars. Fractional photothermolysis provides a controlled and effective skin injury with reduced downtime 
compared with ablative laser resurfacing, but with more signi�cant improvements of the acne scars 
than non-ablative laser. However, as expected, the improvements in treatment outcome from fractional 
photothermolysis are inferior to that of ablative laser resurfacing.

Fractional lasers create columns of microthermal treatment zones with surrounding spared tissue 
called fractional photothermolysis. The result is faster wound healing, shorter downtime and less risk of 
complications, especially PIH. The skin (epidermis and dermis) tissue is ablated to a much greater depth 
(up to the deep dermis), in columns several hundred microns in diameter, sparing untreated epidermis 
and dermis in between to act as a reservoir of normal tissue to enhance wound healing. The procedure 
stimulates dermal collagen remodeling and neocollagenesis in a columnar fashion.

Fractional photothermolysis devices can either be ablative or non-ablative. The non-ablative type 
causes fractional photothermolysis of the skin without much thermal injury to the epidermis and 
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dermis. Coagulation necrosis may be observed in both skin layers but the epidermis remains intact. 
Such injuries are adequate to partially damage the dermal collagen, stimulating neocollagenesis 
with relatively little downtime and complications. There is minimal crusting and erythema. A short 
downtime allows patients to return to work 3–4 days post-treatment [48]. The erbium- (1550 nm) 
and thulium-doped �ber lasers (1927 nm) are some of the non-ablative fractional laser resurfacing 
devices. Patients usually need a series of three to four treatments at monthly intervals to achieve an 
optimal outcome.

The ablative fractional resurfacing devices (e.g., CO2 fractional resurfacing lasers 10,600 nm) were 
introduced shortly after the �rst non-ablative-fractional resurfacing devices. It is believed that more 
thermal injury to the dermis will stimulate more neocollagenesis and produce better treatment outcomes 
for acne scars. In ablative fractional resurfacing, thermal injury with breakdown in the epidermis and 
dermis is more intense with obvious tissue necrosis and columnar damage to both skin layers. This is 
associated with more downtime and complications. Crusting is seen 1–2 days after laser resurfacing and 
erythema lasts longer. The patient can only return to work after 5–7 days.

The treatment outcomes comparing non-ablative and ablative fractional laser resurfacing are variable. 
Some reports indicated that both produced similar ef�caciousness while others reported that the ablative 
fractional laser resurfacing confer better treatment outcome [49]. The reported improvement from 
fractional laser resurfacing ranges from 20 to 30% after three treatment sessions.

Fractional laser resurfacing causes much less PIH than ablative laser resurfacing, even in Asian skin. 
PIH is also less severe and short lived. Hence fractional laser resurfacing can be safely carried out in the 
darker skin type. The prevalence of PIH from fractional laser has been reported to range from 5 to 90% 
among Asians.

Fractional Radiofrequency Devices

Radiofrequency (RF) consists of electromagnetic wave frequencies ranging from 3 kHz to 300 GHz. The 
fractional bipolar RF devices deliver energy to produce sublative fractional heating of the dermis, creating 
microzones of treated and untreated tissue via tiny electrodes that come into contact with the skin. The 
RF wavelength generates heat beneath the epidermis in the upper dermis, heating the collagen in this 
area. This stimulates dermal collagen generation and remodeling with minimal epidermal disruption and 
injury. Examples of fractional RF resurfacing devices include eMatrix and eTwo. To enhance the effects 
and delivery of RF energy into the dermis, microneedles are attached to the hand piece of such devices 
so that RF energy can be delivered into the dermis directly. ePrime and In�ny are two such devices 
(Figures 14.10 and 14.11).

FIGURE 14.10  Before treatment with bipolar fractional RF (eTwo device) 80 mJpin, 64 pin tip, three passes at monthly 
intervals (skin type 5).
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The treatment outcome of fractional RF devices is comparable with the fractional photothermolysis 
laser treatment, with 20%–35% improvements after three treatments [50]. The advantages include 
minimal complications and downtime. As the epidermis is not damaged, post-treatment erythema is 
minimal. The patient is often able to return to work the next day. The risk of PIH is very low. It is thus 
suitable especially for darker skin type, especially Asian patients [50]. The devices, however, should not 
be used in patients with heart implant/pacemaker as the wavelength may interfere with the implants.

Pearls to Live by

It is apt to close this chapter with words of wisdom we have learned to live by in our practice as Asian 
dermatologists.

•	 Prevention is the best policy.

•	 Acne scars, to be prevented, must start with aggressive but proper acne treatment.

•	 Each patient is unique, no matter what skin color one bears.

•	 Once an acne patient comes into one’s clinic, evaluation right from history taking through 
the physical examination must be thorough.

•	 Treatment of acne, no matter how mild, must ensue.

•	 Treatment, to be successful, must consider the patient’s preference, but with the physician’s 
�nal decision as to what is best for one’s condition.

•	 Not a single person should be scarred for life.

•	 Realistic goals must be set at the very beginning.

•	 What cannot be attained must not be falsely claimed.

•	 What can be attained must be explained thoroughly, setting an approximate time frame for 
expected results.

•	 Possible adverse reactions must never be missed.

•	 Adherence to the management can thus be attained by the patient, once all the cards are 
laid properly.

•	 Science is ever evolving.

•	 There will always be new kids on the block.

•	 Use what you deem is best for each patient, by your experience and by what medical 
evidence is presenting.

FIGURE 14.11  After treatment with bipolar fractional RF.
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Acne Scarring and Patients of African Descent

Aldo D. Galvez and Amy J. McMichael

Introduction

Acne is a common disorder affecting up to 45 million people in the United States [1] with a prevalence 
of 80% in people between 11 and 30 years of age and occurring in 5% of older adults [2,3]. It is the 
skin disease most commonly treated by physicians [3] and occurs in people of all ethnicities and races. 
Currently it is accepted that the pathophysiology, presentation, and treatment of acne are similar in all 
skin phenotypes. However, acne in pigmented skin is distinguished by the higher incidence of post-
in�ammatory hyperpigmentation (PIH) and scarring. This chapter will focus on these two major acne 
sequelae occurring primarily in individuals of African descent.

Acne scarring and PIH can have signi�cant psychosocial impact on patients. Scarring can lead to 
emotional debilitation, embarrassment, poor self-esteem, social isolation, depression, and many other 
effects [4]. Although these effects cannot be easily quanti�ed in patient terms, healthcare affect or social 
expense, scarring is a signi�cant issue that requires attention especially in darker-skinned individuals, as 
the incidence rates for hypertrophic scarring are higher in this population [5,6] (Figure 15.1).

Epidemiology

As the population of the world becomes increasingly diverse, understanding ethnic and racial differences 
in dermatologic disease is becoming increasingly important. Genetic, environmental, socioeconomic, 

KEY FEATURES

•	 Acne is a frequent problem among all races and ethnicities. Darker-skinned individuals 
are at increased risk of post-in�ammatory hyperpigmentation and hypertrophic scarring 
such as keloids.

•	 Regarding how to decrease these risks in patients of African descent, it is important to 
consider prevention and prompt treatment of in�ammatory acne without inducing skin.

•	 Medical management of post-in�ammatory hyperpigmentation is usually performed with 
retinoids, lightening creams and chemical peels.

•	 Types of scarring: atrophic (ice pick, rolling, and boxcar) and hypertrophic (hypertrophic 
scar and keloid).

•	 Management of hypertrophic scars in patients of African descent include injectable 
steroids and cytotoxic agents, silicone dressings, and laser therapies with pulsed-dye laser.

•	 Management of ice pick scars has the limited options of punch excision and the chemical 
reconstruction of skin scars technique.

•	 Management of rolling and boxcar scars in patients of African descent has more therapeutic 
options. These include: chemical peels, microneedling, subcision (only for rolling scars), 
dermal �llers, and laser therapies with fractional non-ablative and ablative lasers.
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and cultural factors are likely to contribute to these differences [7]. Currently, there is still a paucity of 
reliable studies investigating racial and ethnic differences in the epidemiology of dermatologic disease 
[6]. Most of the data we have is based on practice surveys and individual clinical experience [7,8]. Most 
surveys show that this skin disorder consistently ranks as the top dermatologic diagnosis in populations 
of all skin types [6–8] and suggests that ethnicity might have an in�uence in disease presentation [9].

Dermatological visits in the African-American population were related to acne in 22.1% according to 
the National Ambulatory Medical Care Survey Database Study between 1993 and 2009 [1]. Based on a 
retrospective chart review conducted between August 2004 and July 2005, the six most common diagnoses 
observed in Black patients were acne, dyschromia, contact dermatitis and other eczema, alopecia, 
seborrheic dermatitis, and lesion of unspeci�ed behavior. This study also found that dermatologic visits 
for acne were the most common in both Black (28.4%) and White (21.0%) patients [7].

Ethnicity might in�uence acne prevalence and some of its features. A survey study published by Perkins 
et al. in 2011, performed in four cities (in the United States, England, Japan, and Italy) with a sample 
of 2895 women ranging from 10 to 70 years, of whom 385 (13.3%) were Black showed interesting data. 
Other populations included were classi�ed as Caucasian, Hispanic, Asian, and Continental Indian. This 
study estimated a prevalence of 37% of acne in the African-American population, which was the highest 
of the included groups. Hyperpigmentation, hypertrophic, and atrophic scarring were more common in 
African-American woman than in other groups [9].

The quality of life and treatment expectations in Caucasian and non-Caucasian (including the African-
American population and others) were also investigated by Callender and colleagues in a study published 
in 2014. They did not �nd any statistically signi�cant differences in quality of life between these groups. 
Nevertheless, they did �nd that non-Caucasian patients were more worried about PIH and two out of three 
patients in this group wanted acne treatment to be designed to their speci�c skin needs [10] (Figure 15.2).

As previously reviewed, PIH is a major acne sequelae in skin of color. In a survey of 2,000 Black 
patients seen by dermatologists, PIH was the third most common dermatosis, seen in 9% of patients (acne 
28% and eczema 20%) versus 2% of White patients [8,11]. A high rate of PIH was also documented in a 
2002 survey of African-American, Hispanic, and Asian patients. Acne and hyperpigmented macules were 
found in 65, 53 and 47%, of these populations, respectively [12]. It is clear that even though the incidence 
of acne is fairly equivalent among different skin phototypes, the PIH of acne is a much larger concern for 
patients of color than for White patients [6,13].

Hypertrophic and keloidal scarring is not as common in the general population as PIH and atrophic 
scarring; however, it is more frequent in skin of color and can be more permanent and dis�guring [9]. In 
general, keloidal overgrowths of scar tissue are seen between �ve and 16 times more frequently in patients 
of color [14]. These lesions can be very persistent and are equal in incidence among both sexes. They are 
less common in the very young or old. Familial and genetic in�uences with both autosomal dominant 
and recessive traits are associated with these lesions [5,14].

FIGURE 15.1  In�ammatory acne lesions (papules and nodules) and PIH. Both lesions motivated the patient’s consult.
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The morbidity of acne is due to the lesions themselves, which may be painful and tender, as well 
as from residual scarring and PIH after the nodules and cysts resolve. Morbidity may be generated by 
adverse effects of treatments as well. There can be a huge impact on quality of life, especially in terms 
of psychological morbidity. An estimated $100 million per year is spent on over-the-counter remedies 
by consumers for acne. When the loss of productivity and unemployment are included the direct cost of 
acne may exceed $1 billion per year in the United States [1].

It is therefore important to keep in mind not only the lesions themselves (in�ammatory and non-
in�ammatory) but also their consequences (PIH and scarring), and their combined morbidity in the 
quality of life of patients. Greater understanding of acne in people with skin of color can lead to more 
tailored treatment and more favorable outcomes [15].

History

PIH and scarring are the two most dis�guring sequelae of in�ammatory acne [6]. The use of topical 
applications of substances to treat dyspigmentation has existed for centuries. The ancient Egyptians applied 
animal oils, salt, alabaster, and sour milk to the skin for aesthetic improvement [16]. Dermatologists have 
continued to advance on these earlier treatments. It was dermatologists who pioneered skin peeling for 
therapeutic bene�t. As early as 1871, Fox, a dermatologist, was treating pigmentary changes using phenol 
for the treatment of freckles [17].

Over the years, there have been many attempts to improve acne scarring as well. Ablative techniques 
such as deep chemical peels, dermabrasion, and, more recently, laser-driven skin-resurfacing procedures 
with carbon dioxide (CO2) and/or erbium:yttrium–aluminum garnet (Er:YAG) as well as fractionated 
lasers have been used [18]. Ablative procedures such as laser treatment have been attempted for scar 
revision since the 1990s [19,20].

Post-inflammatory Hyperpigmentation

PIH represents the skin’s response to any type of trauma or cutaneous injury and is often the major 
sequela of acne. It is visibly more pronounced in darker-skinned individuals. PIH can be either epidermal 
or dermal. Acne typically results in the epidermal form of hyperpigmentation in which there is an 
increase in melanin production and/or transfer to keratinocytes. Various in�ammatory mediators such as 
prostaglandins E2 and D2 have been shown to enhance pigment production in animal models and may 
have a similar role in humans [21].

FIGURE 15.2  A patient consulting for PIH and acne scars. Although the �ndings in the physical exam are mild, they 
cause distress for the patient and decrease her quality of life.
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The development of PIH in the setting of acne may be multifactorial. The lesions of acne itself, including 
comedones, papules, pustules, and nodules induce hyperpigmentation, but physical manipulation of 
lesions by the patient or over-aggressive, irritating acne treatment regimens can trigger this unwanted 
skin reaction.

In general, comedonal acne in White skin is characterized as non-in�ammatory. In biopsies of 
comedonal acne in Black skin, comedonal lesions exhibit marked in�ammation with in�ltrates of 
polymorphonuclear leucocytes [22]. This disparity in histological in�ammation between Black skin and 
White skin helps explain the propensity for darker-skinned individuals to develop PIH (Figure 15.3).

Clinical Features

For many dark-skinned patients, PIH is more aesthetically unacceptable than the original acne lesions. 
Subsequently macular hyperpigmentation of the face is often the chief complaint of the acne patient with 
dark skin when presenting to the dermatologist.

PIH presents as asymptomatic tan-to-dark-brown patches or macules corresponding to the areas of 
injury. The discoloration typically outlasts the acne lesions themselves and can persist for months to 
years and consequently poses a lingering problem for the patient. In a survey of 239 African Americans 
with acne, 27.2% tried using over-the-counter 1%–2% hydroquinone preparations prior to presentation 
to the dermatologist [23]. Another report states 80% of African patients with acne use skin-lightening 
agents [24]. Agents commonly employed by patients for the purpose of skin lightening include various 
over-the-counter acne washes, vinegar, cocoa butter and hydroquinone; clearly PIH is a major sequela 
mandating treatment (Figure 15.4).

Treatment

It is essential to understand that it is more convenient to prevent PIH rather than to treat it. An aggressive 
approach to treat acne will be convenient and products used for that purpose (retinoids and antibiotics) 
are similar for all Fitzpatrick skin types.

Nevertheless, it is important to avoid irritation of the skin, since it can worsen PIH. Recognition of the 
patient’s skin type, that is, dry/sensitive skin prone to irritation, normal skin with minimal propensity 
for irritation, oily skin or combination skin, can aid in choosing an appropriate regimen with the least 
amount of irritation [23]. In addition, many patients consider their skin “sensitive.” It is important to 
determine what “sensitive” means and if there are true allergies, irritant reactions or simply dryness in 
response to treatment.

FIGURE 15.3  Patient with PIH secondary to acne lesions that had resolved by the time of the consult.
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Topical Agents

Topical agents used for treating PIH are summarized in Table 15.1. In using these agents, the dermatologist 
must set expectations for the patient. Advising the patient prior to commencing treatment that it will take 
3 months or more to improve PIH will help the patient remain compliant with treatment. Additionally, the 
patient must understand that photoprotection is especially important, including avoiding sun exposure, 
using an adequate hat with a wide brim, and sunscreen if prescribed by their physician.

Irritation is a well-documented adverse effect with these medications in all skin types. In pigmented 
skin, minimizing this predictable adverse effect rests on choosing the right vehicle, starting with lower 
concentrations, considering alternate day dosing, proper patient education on use, and selecting a tolerable 
formulation. The treatment of hyperpigmentation can be a long, arduous process even with treatment, 
requiring patience and compliance. Realistic goals must be discussed with the patient.

The retinoids, such as tretinoin, adapalene, and tazarotene, represent a class of topicals that not only 
treat acne but also hyperpigmentation and, therefore, should be initiated early in treatment and remain 
as maintenance therapy. It is bene�cial to explain to the patient the dual role of retinoids in treatment of 

FIGURE 15.4  Papular and nodular acne in the back of a patient with subsequent postin�ammatory hyperpigmentation.

TABLE 15.1

Therapeutic Agents for Hyperpigmentation According to Severity

Mild

Hydroquinone 2, 3 and 4%
Azelaic acid 20%
Kojic acid 2%–4%
Glycolic acid
Tretinoin and other retinoids

Moderate

Hydroquinone 4%–10%
Kojic acid
Azelaic acid/tretinoin
Hydroquinone/tretinoin
Hydroquinone/glycolic acid
Combination therapies
Chemical peels: salicylic acid 20%–30%, salicylic/mandelic acid

Severe

Combination therapies
Chemical peels: salicylic acid 20%–30%, salicylic/mandelic acid



142 Acne Scars

acne and hyperpigmentation to foster improved adherence. Retinoids are not only well known for their 
effect on non-in�ammatory and in�ammatory acne but they can also directly affect PIH in dark-skinned 
individuals [25–27].

Azelaic acid, a dicarboxylic acid obtained from Pityrosporum ovale, is another topical that acts on 
acne lesions and hyperpigmentation. It inhibits melanin synthesis by interfering with tyrosinase and has 
direct cytotoxic effects on melanocytes. It has no effect on normally pigmented skin and is considered to 
have a low irritancy pro�le, so may be useful in those with sensitive skin and a history of PIH. It can be 
used in combination with retinoids.

Some individuals, especially those with prominent PIH, will also require skin-lightening agents in 
addition to the traditional acne regimen to combat hyperpigmentation. Hydroquinone, a hydroxylphenol, 
has been the gold standard for treatment of hyperpigmentation for over 50 years [28]. There are numerous 
other skin-lightening agents available and may be used as alternatives to hydroquinone. A few of these 
agents will be brie�y mentioned.

Hydroquinone reduces the production of melanin by inhibiting tyrosinase, which is responsible for 
converting L-3,4-dihydroxyphenylalanine (DOPA) to melanin. Other mechanisms of action, including 
destruction of melanocytes, degradation of melanosomes, and inhibition of deoxyribose nucleic acid 
and ribonucleic acid synthesis, have been attributed to hydroquinone. It is available in over-the-counter 
concentrations of 1%–2%, with a prescription strength of 3%–4% and compounded at 5%–10%. It 
is recommended to begin treatment after the acne is under control, or even after 2–4 weeks of acne 
treatment and should be applied after application of topical acne medication. Treatment can be used as 
spot treatment or diffusely once to twice a day. Results may be noticed within 8–12 weeks [6]. Adverse 
effects include irritant and allergic dermatitis, temporary hypopigmentation of surrounding normal skin, 
giving a halo appearance, and the much-debated exogenous ochronosis with prolonged use. Instruction 
on how to apply the hydroquinone product over an entire cosmetic unit will help to avoid the localized 
halo side effect. Various formulations are available; some with additives such as glycolic acid, tretinoin, 
vitamin C, steroids, sunscreens, and microsponges enhance delivery and ef�cacy of hydroquinone [29].

Mequinol, also known as 4-hydroxyanisole, methoxyphenol, hydroquinone monomethyl ether, and 
p-hydroxyanisole, is approved in the United States and Europe and is the primary prescription alternative 
to hydroquinone [29]. The exact mechanism of action is unknown. It does not damage melanocytes, 
unlike hydroquinone. Kojic acid, a naturally occurring fungal derivative, is used increasingly in Japan, 
for treatment of hyperpigmentation. It is available over the counter. It also inhibits tyrosinase by binding 
to copper, with a reported ef�cacy similar to over-the-counter hydroquinone [28].

Arbutin, available over the counter, is a derivative of hydroquinone used in PIH. Obtained from the 
leaves of the bearberry plant, it decreases tyrosinase activity and inhibits melanosome maturation. Aleosin 
is a glycoprotein derived from Aloe vera that inhibits tyrosinase without cytotoxicity. It has limited ability 
to penetrate the skin due to its hydrophilic property. It is commonly used with Arbutin. Licorice extract 
is considered the safest pigment-lightening agent [29]. Its mechanism of action is similar to kojic acid. 
The main component is glabridin.

A number of cosmeceutical pigment-lightening agents are available with varying effects and these 
include N-acetylglucosamine, soybean trypsin inhibitor and ascorbic acid. Other botanically derived 
topicals have been included in cosmeceuticals for the treatment of hyperpigmentation including: 
resveratrol, niacinamide, extracts of coffeeberry, soy, green tea, orchids, and grape seed.

Chemical Peels

Chemical peels can also be used for treating this condition, but it is important to choose the acids that have 
the lowest pro�le for inducing PIH. This strategy is to treat the epidermal rather than dermal component. 
Salicylic acid is a β-hydroxy acid that can treat both in�ammatory acne and PIH, or PIH alone [30]. One 
study compared chemical peels with glycolic acid 35% versus salicylic acid 20%–mandelic acid 10% 
(SM) solution for the treatment of acne, scars and PIH; they found that SM solution was more effective 
for acne lesions, PIH and had lower adverse effects [31]. Some authors also suggest the use of 25% 
trichloroacetic acid (TCA) and Jessner’s solution [32], but caution is best when treating darker Fitzpatrick 
skin types with these strong peeling agent. Do no harm should be a guide to choosing treatment of PIH.
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Hypertrophic and Atrophic Scarring

Acne scars can be divided into atrophic and hypertrophic scars, the latter include hypertrophic and keloid 
scars [33]. The literature reports a 3:1 ratio between atrophic and hypertrophic scars [34]. Nevertheless, 
in patients of African descent this ratio might be lower because keloid scars are considered to be more 
common in this population [35].

Keloids are unique to humans and can be described as a disproportionate formation and excess 
deposition of collagen outside the margins of the original injury [5]. Common locations include the chest, 
back, shoulders and ears. Clinically, there may be pain, itching, burning or a limited range of motion 
[35] (Figure 15.5).

Histology shows a normal-appearing dermis with relaxed, randomly aligned collagen. Both hypertrophic 
scars and keloids demonstrate thicker, more abundant collagen that is stretched and aligned in the same 
plane as the epidermis. Islands of dermal collagen �bers, small vasculature, and �broblasts can be seen 
throughout hypertrophic scars [36]. Their pathogenesis is related to an excess of collagen deposition and 
decreased collagenase activity [34].

On the other hand, atrophic acne scars are classi�ed by Jacob in three different types: ice pick, rolling, 
and boxcar. Ice pick scars are the most common atrophic scars found in patients with acne [37]. Sometimes 
a patient can present with facial scars that are dif�cult to classify, even for experts. For all of these scar 
types, their pathogenesis is related to an increase of collagenase activity and lack of collagen deposition 
[34].

Treating acne scars can be one of the most dif�cult cosmetic surgery procedures that exists [38]. 
The dif�culty in achieving total correction of damage caused by severe in�ammatory acne is that the 
epidermis, dermis, and underlying fat are often involved. The goal of treatment should be to obtain as 
much improvement as possible rather than perfection [39]. Medical, surgical, and procedural options will 
be discussed for the management of scarring. These are summarized in Table 15.2.

FIGURE 15.5  Late stage acne scars with �brous change.
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Management of Hypertrophic Scarring

Topical and Intralesional Steroid

Steroids are one of the more popular choices for medical therapy for hypertrophic scars and keloids [40]. 
Clinical responses can be varied as steroids can be used topically with and without occlusion. Possible 
side effects of topical steroids are well known and include telangiectasias, bruising, atrophy, pain or 
pigmentary change [41]. Intralesional steroid injections are another route; this remained as �rst-line 
treatment for hypertrophic scars and keloids for many years [40].

To �atten keloids, a concentration of triamcinolone acetonide (TAC) between 10 and 20 mg/cc should 
be used. Repeat injections can be given every 2–4 weeks [6]. With intralesional injections, often multiple 
injections spaced one or several months apart are required to determine the �nal result and prevent excess 
atrophy [5].

Intralesional steroids can also be used to create atrophy in an area where there has been an overcorrection 
with permanent �ller for augmentation. Other side effects of injected steroids include intolerance, necrosis, 
allergy, bruising, hyperpigmentation or hypopigmentation, injection pain, and telangiectasias. Of these 
side effects hypopigmentation can be a major concern for patients of color. Minimizing the amount of 
steroid injected, selecting a few lesions for trial, and spacing injections by at least 4 weeks can help prevent 
hypopigmentation. Choosing lesions that are located in inconspicuous areas for the �rst treatment may 
also give an idea of how the skin will respond to a given concentration of injected steroid.

Intralesional 5-Fluorouracil with Steroids

Updated evidence reviews support the use of intralesional 5-�uorouracil (5-FU) in combination with 
corticoids in order to get an effective treatment and reduce steroids side effects formerly mentioned 
[40]. This treatment strategy had enhanced therapeutic ef�cacy when compared with pulsed-dye laser 
(PDL) [42] and surgical excision + intralesional steroids [43]. Concentration used for this purpose 
can be achieved with TAC 4 mg (0.1 mL of 40 mg ⁄mL TAC) mixed with 5-FU 45 mg (0.9 mL of 
50 mg ⁄mL 5-FU) [44]. This treatment can also be used after surgery to prevent the development of 
keloid scars [40].

Silicone Dressings

Silicone dressings are another treatment option for hypertrophic scars and to a lesser extent for keloids. 
These are completely safe to use in darker skin types, although there are variable results with this 
treatment modality. The results are likely attributable to occlusion or hydration. Pressure, temperature, 
increased oxygen tension, electrostatic properties and immunologic effects have all been other rationales 
for the use of silicone dressings. There are con�icting reports as to its ef�cacy [5].

In one randomized control trial, an improvement in pruritus, pain, and pliability was reported, but no 
improvement in pigmentation, average elevation or minimum elevation of scars was found [45]. Another 

TABLE 15.2

Classi�cation of Acne Scars with Suggested Treatment in Patients with Dark Skin

Hypertrophic scarring
Hypertrophic scars Topical and intralesional steroids, intralesional steroids 

with 5-FU, silicone dressing, pulsed-dye laserKeloid scars

Atrophic scarring
Ice pick scars CROSS technique, punch excision

Boxcar scars Punch elevation or grafting (small boxcar), subcision 
(rolling), microneedling, chemical peels, dermal �llers, 
ablasive and nonablasive fractional lasers

Rolling scars
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review of effects, ef�cacy, and safety determined that side effects rarely occur but can include pruritus, 
contact dermatitis, maceration, skin breakdown, xerosis, and odor [5].

In terms of ease of use, silicone dressings do not suit facial scars well since they would be visible to 
others if worn in public. Thus, these dressings may best serve large areas on the chest or back that can 
easily be camou�aged with clothing. Another worry with these dressings is that most studies support 
their use in early forming scars as opposed to late scars [5].

Pulsed-Dye Laser

Treatment of hypertrophic scars with PDL was previously demonstrated in patients with lighter skin tones. 
Technological advances in laser devices (re�nements in laser technology and epidermal cooling) and 
protocols for darker skin patients allow it to be attempted as treatment cautiously in recalcitrant patients. 
Relatively low PDL energy densities (4.5–5.0 J/cm2, 10 mmspot) are typically applied to hypertrophic 
scars and keloids at 2-month time intervals [46]. Transient PIH is the most common adverse effect of PDL 
treatment of vascular lesions and scars in pigmented skin [47] (Figure 15.6).

Management of Atrophic Ice pick Scars

Chemical Reconstruction of Skin Scars Technique

Chemical reconstruction of skin scars (CROSS) consists of the focal application of 100% TCA using 
a sharpened wooden applicator in ice pick scars. The treatment is done until achieving focal frosting 
(usually within 10 seconds) every 1–3 months. It is a technique that does not require much equipment 
and achieves good results [48].

Khunger and colleagues performed a study in 2011 proving its safety in 30 patients with a Fitzpatrick’s 
phototypes IV and V, where priming was done previous to the procedure using a cream with 4% 
hydroquinone in the morning and 0.025% tretinoin at night. The procedure was repeated every 2 weeks 
for a total of four sessions. Excellent results were achieved in more than 70% of patients; transient 
hypopigmentation was seen in two patients and hyperpigmentation in one [49].

Punch Excision

This represents a way to surgically remove an ice pick scar, exchanging it for a less noticeable scar. This 
latter scar can be treated with a resurfacing laser in order to improve its cosmetic appearance [50]. We 

FIGURE 15.6  Patient with ice pick scars.
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need to keep in mind that patients of African descent are prone to keloid scars, so the physician needs 
an adequate follow-up. Strategies for treatment of hypertrophic scars, previously reviewed, need to be 
kept in mind.

Management of Other Atrophic Scars

Punch Grafting and Elevation (for Small Boxcar Scars)

Punch grafting represents a modi�cation for the punch excision technique. The graft is usually provided 
from the post-auricular area. This technique is highly dependent on the surgeon’s skills. Punch elevation 
represents the intermediate technique between punch excision and grafting. The scar is punched and the 
skin is elevated and �xed into place at a plane even to the surface of the skin [50]. As with all invasive 
techniques, possible further scarring can occur and should be discussed with the patient before such a 
procedure (Figure 15.7).

Subcision (for Rolling Scars)

Rolling scars usually present �brous attachments from the dermis to the subcutis. Subcision is a technique 
that uses a needle to manipulate and release those attachments and requires a clot formation in place to 
release the scar tissue. Multiple treatments may be needed to achieve the desired result. Complications 
include bruising, bleeding and infection; this technique should be done when the patient’s acne is no 
longer active to avoid its reactivation. Some authors suggest the use of a dermal �ller to raise the dermis 
without clot formation [50].

Chemical Peels

Differently to what was discussed on PIH, to treat atrophic acne scars, the dermal component must be 
addressed. This puts the patient with dark skin in an increased risk of PIH. Priming with a hydroquinone 
cream some weeks before is useful to avoid PIH due to the procedure. Combination of 70% glycolic acid 
gel is suggested with focal application of 25% TCA over the gel into the atrophic scars. Frosting will be 
noted but the physician should not let it �nish, just keeping the solution in action for 2–4 minutes before 
the face is neutralized with 1% sodium bicarbonate solution [30].

FIGURE 15.7  Patient with boxcar and ice pick acne scars.
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Microneedling

Microneedling is a technique that allows the physician to make many rapid healing punctures, allowing 
the formation of collagen and elastin as a wound-healing response. Side effects, such as infection or PIH, 
are minimal as it keeps the epidermis partially intact [51]. Microneedling is usually done with a device 
called the Dermaroller, with most protocols suggesting rolling the device in four to six different directions 
in the targeted area. These procedures are usually done every 6 weeks and its safe in patients with dark 
skin [52]. Some protocols in patients with phototype VI and V combine microneedling treatment with 
chemical peels as high as 35% which are performed every 6 weeks in between the resting period for 
microneedling, achieving better results than with microneedling alone and without a signi�cant risk for 
PIH [53].

Dermal Fillers

For patients with few scars, augmentation is another alternative for the management of acne scarring. 
The past decade has seen the advent of a multitude of injectable �llers including human collagen, 
polylactic acid and hyaluronic acid among the short-term agents and many agents of a longer-term nature 
with the reintroduction of silicone and variations of polyacrylamides for longer correction. Agents 
may be xenografts, autografts, homografts or synthetics [54]. For those with few scars, simple dermal 
augmentation with hyaluronic acid containing �llers would be most appropriate. In patients with limited 
acne scarring overcorrection should be avoided.

There are few to no studies that speci�cally examine the use of �ller agents in skin of color. The safety 
and use of Restylane (Galderma Laboratories), a hyaluronic acid, have been studied off-label in patients 
with Fitzpatrick skin types IV to VI in isolated cases. There were no transient or permanent adverse 
outcomes among the type IV to VI subjects in those cases. If proper injection techniques are used, patients 
with Fitzpatrick skin types IV to VI can bene�t from this kind of treatment [55].

Nonablasive and Ablasive Fractionated Lasers

When using light and lasers in the treatment of acne scarring, there is a higher risk of side effects in 
darker-skinned patients due to the nonspeci�c energy absorption by the relatively large quantities of 
melanin in the basal layer of the epidermis. These side effects include permanent depigmentation, textural 
changes, focal atrophy and scarring. Epidermal melanin can also compete for absorption of energy and 
decrease the total amount of energy reaching deeper dermal lesions.

It is imperative to consider power level as well as the wavelength of the laser when treating darker skin. 
Power setting should be conservative, using the minimal threshold �uences necessary to produce the 
desired tissue effect in a given individual. Test spots should be performed whenever possible. In treating 
darker skin, it is always best to err on the side of caution rather than risk excessive thermal injury. All 
of this makes it more dif�cult to achieve the desired clinical result [56,57]. The absorption coef�cient of 
melanin decreases exponentially as wavelengths increase [58]. Therefore, to produce a safer laser system, 
it needs to generate wavelengths that are less ef�ciently absorbed by endogenous melanin but can still 
achieve the desired results [59].

Cutaneous laser resurfacing can be an effective approach for improving the appearance of atrophic 
scarring in patients with darker skin phototypes. Several reports document the long-term safety of the 
high-energy, pulsed, and scanned CO2, and short- and long-pulsed Er:YAG lasers for the treatment of 
more darkly pigmented patients [60]. Fractionated lasers are preferred over traditional non-fractionated 
lasers in patients with darker-skin phototypes because the remaining intact epidermis allows a faster 
recovery time and minimizes side effects [33].

Skin resurfacing with the CO2 laser remains the gold-standard technology for production of the 
most dramatic clinical and histologic improvement in scarred facial skin. Use of the CO2 laser for skin 
resurfacing yields an additional bene�t of collagen tightening through heating of dermal collagen. To 
minimize the risk of adverse events, it is best to avoid overlapping or stacking of laser scans or pulses. If 
patients have scarring on their neck or chest, it is best to avoid resurfacing in these areas due to the scarcity 
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of pilosebaceous units in these regions with resultant slow re-epithelialization and potential for scarring 
[60]. The wavelength of the CO2 laser is 10,600 nm and the target chromophore is extracellular and 
intracellular water. Hyperpigmentation is observed in all skin phototypes following CO2 laser irradiation, 
however, at a higher incidence in darker skin tones [61].

The Er:YAG laser attempts to duplicate the results of the CO2 laser while minimizing the side effects. 
The wavelength emitted is designed to be absorbed more ef�ciently and super�cially, and the short pulses 
limit the amount on thermal necrosis. Thus, the Er:YAG is able to provide shorter recovery times, reduced 
post-treatment erythema, and a decreased risk of dyspigmentation [62,63]. The most common side effect 
post-laser skin resurfacing is transient hyperpigmentation and it affects approximately one third of all 
patients. It is important to note that the incidence rises to 68%–100% among patients with the darkest 
skin phototypes [64].

A study from Korea was performed in exclusively dark-skinned patients (Fitzpatrick skin phototypes 
III–V) to evaluate the clinical and histologic effects of long-pulsed Er:YAG laser resurfacing for 
pitted  facial acne scars. In this study, 35 patients with pitted facial acne scars were treated with a 
long-pulsed Er:YAG. The results of long-pulsed Er:YAG laser resurfacing for pitted facial acne scars 
were excellent in ten patients (36%), good in 16 patients (57%), and fair in two patients (7%). Erythema 
occurred in all patients after laser treatment and lasted longer than 3 months in 15 patients (54%). PIH 
occurred in eight patients (29%). However, the pigmentation faded or disappeared within 3 months. 
No scarring, infection or contact dermatitis was observed. This study showed that resurfacing with a 
long-pulsed Er:YAG laser can be safe and effective treatment for pitted facial acne scars in moderately 
dark skin phototypes III–V [65]. Since there are no data on patients of African descent with this laser 
treatment, more studies are warranted before it can be considered a viable option for a dark-complexioned 
patients.

Of particular importance is strict avoidance of excessive sun exposure and the use of a full-spectrum 
sunblock consistently before and after laser treatment [66]. Some pre-surgical topical treatments may 
enhance the eventual post-operative results by decreasing the risk of PIH. There are con�icting opinions 
regarding pre-treatment with hydroquinone, tretinoin or glycolic acid to decrease the incidence of 
hyperpigmentation after ablative laser resurfacing in any skin phototype [67]. However, topical tretinoin, 
hydroquinone, and mild topical steroids are thought to be important post-laser procedure, especially in 
patients with darker skin [65]. Retinoic acid topically appears to speed re-epithelialization rates, and it 
can reduce rates of melanin production after the initial stage of healing is completed and the skin can 
tolerate the retinoic acid [68]. Critical in darker-skinned patients, even if retinoic acid does not decrease 
the actual incidence of post-treatment PIH, it may reduce its severity and duration.

Another approach is the newer non-ablative laser technology that may provide both greater ef�cacy 
and safety in patients with darker skin. They have a lower risk of pigmentary alterations when compared 
with ablative technologies adding to their appeal for use in darker skin types. These modalities are less 
aggressive, side effects are minimized (PIH, downtime) but it is not as effective as ablative devices and 
requires more treatments [64]. Typically, patients will receive several treatments monthly. These treatments 
create a controlled thermal injury in the dermis, leading to in�ammation, cytokine upregulation, and 
�broblast proliferation for improvement of scars.

Fractional photothermolysis, a more current concept was �rst introduced and discussed in 2004 [69]. 
It is one of the latest technologies introduced for laser skin resurfacing and treatment of atrophic scars 
without a signi�cant risk of side effects [64]. It creates minute columns of thermal injury in the dermis 
called microscopic treatment zones (MTZ) that contain areas of localized epidermal necrosis and collagen 
denaturation. Rapid healing occurs from the viable epidermal and dermal cells residing in the intact tissue 
surrounding each MTZ. Since there is selective sparing of skin rather than total ablation, there tend to be 
fewer problems overall when compared with the CO2 laser [70].

A study of 53 patients (Fitzpatrick I–V) using a 1550-nm erbium-doped fractional laser on facial 
skin with mild-to-moderate atrophic acne were treated with several sessions. Blinded assessments of 
photographs revealed 91% to have 25%–50% improvement after a single treatment, whereas 87% of 
patients undergoing three treatments had 51%–75% improvement. Age, sex, and skin type (I–V) did not 
alter the outcome with maintained results at 6-month follow-up [71].
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Alajlan and Alsuwaidan published a retrospective study in South Arabia in year 2011, in which they 
compared 45 patients treated with non-ablative fractional (NAF) erbium �ber 1550 nm versus 37 patients 
treated with ablasive fractional (AF) CO2 laser for atrophic acne scars. All patients had a Fitzpatrick skin 
phototype between III and V, treatment with NAF was performed monthly (mean number of treatments: 
�ve) and with AF every 2 months (mean number of treatments: 2.5), a hydroquinone-based bleaching 
cream was started at the middle of the treatment. Usually, patients with deeper scars were more likely 
found to be treated with AF rather than NAF. Evaluators compared photographic improvement, patient 
satisfaction, and adverse effects. The grade of improvement and patient satisfaction score were similar 
in both groups, hydroquinone cream signi�cantly decreased the magnitude of PIH, and only one patient 
with AF treatment had transient PIH, which resolved within 3 months [72]. Again, with no data in skin of 
patients of African descent, this is not recommended for scar treatment in this population (Figure 15.8).

Unique Acne Considerations in Pigmented Skin

Nodulocystic acne appears to be less common in people of African descent than in Caucasians and 
Hispanics. This has been reported in various surveys [1,12,73]. Studies have also found that isotretinoin 
is prescribed less often for African Americans than for Caucasians [74]. There were 35 million visits 
to physicians for the treatment of acne between 1990 and 1997, and isotretinoin was prescribed at 5.8 
million (17%) of these visits. Per capita visit rates for acne among Whites were 2.3 times that of Blacks, 
and Whites were 1.8 times more likely to receive isotretinoin at acne visits [75].

Nodulocystic acne has implications for the patient as it is more likely to lead to scarring. A systemic 
retinoid such as isotretinoin is the treatment of choice for nodulocystic acne in patients with ethnic skin 
[6]. Still, studies have shown that there is a relatively low usage of isotretinoin among patients of color 
[74]. Early treatment with isotretinoin in patients of color with moderate or mild acne may be justi�ed in 
some cases as a way to subvert development of PIH and keloidal scarring [76]. Skin dryness, a common 
side effect of isotretinoin, is of particular importance to patients of color as it can result in PIH. Emollients 
and topical corticosteroids can be used to minimize this side effect [6].

As previously discussed, early and aggressive treatment of acne in patients with dark skin reduces 
the possibility of PIH and scarring. The objective is to perform this in a safe way, without irritating the 
patient’s skin. There are some strategies that can be performed in patients with dark skin (Table 15.3).

FIGURE 15.8  Pomade acne on forehead. Without addressing the habits that worsen active acne lesions, the ef�cacy of 
treating its consequences is reduced.
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Summary

In treating acne scarring in patients of African descent, prevention of the acne is key. While the deeper 
pigmentation plays a large role in the PIH observed in this population, all the factors that contribute 
to scarring in patients of African descent are not known, but are likely further reaching than simple 
pigmentation. These patients are at increased risk for PIH, atrophic scarring, hypertrophic scarring and 
keloids.

Treatment of PIH and true scars resulting from acne must re�ect several considerations by the physician: 
cost, severity of lesions, physician goals, patient expectations, side-effect pro�les, and psychological or 
emotional effect to the patient. Side-effect pro�les must be carefully weighed against bene�ts, particularly 
in darker-skinned individuals who may be more prone to adverse reactions to common treatments 
for acne scarring. Close follow-up, an emphasis on compliance and counseling regarding the use of 
noncomedogenic and nonirritating skin and hair care products will aid in yielding better outcomes.

Most importantly, the physician and the patient must agree on realistic treatment goals. As acne scarring 
is one of the most dif�cult conditions to treat, especially in darker-skinned individuals, often the goal is 
improvement, not perfection of acne scarring.
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Treatment Algorithm for Acne Scars
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Introduction

Scarring occurs in all types of acne, not linked tonodulocystic disease, but does vary with the severity 
and delay until effective treatment is organized. Some degree of post-acne scarring is an outcome in 95% 
of patients with acne [1,2].

Acne scars can be particularly devastating and may even trigger suicidal ideation [3]. Interventions are 
needed to limit the course of disease, and thereby, its long-lasting fallout of both physical and emotional 
scars. Aggressive treatment of acne that is prone to scarring occasionally prevents this outcome [3–5]. 
Once scarring has occurred, patients and physicians are left to struggle with the options available for 
improving the appearance of the skin.

*	Deceased

KEY FEATURES

•	 Scarring that results from acne is a very distressing and dif�cult problem for physician 
and patient alike. The type of scarring following acne eruptions is also variable and 
each type requires a different treatment strategy. The most common permanent �ndings 
are diffuse, depressed scars. Other forms of irregularities include hypo- or hyper-
pigmentation, hypertrophy, keloids, and cutaneous �stula. In order to treat the patient 
with scarring, a true knowledge of the pathophysiology and anatomy of the different types 
of scars should be sought. Although this classic pathophysiology is shared, the subsequent 
evolution of the acne lesion and the degree of in�ammation at clinical presentation may 
vary among individuals according to all skin phototypes. The morphology of each scar 
must be assessed and treatment designed accordingly.

•	 Therapy needs to re�ect patient characteristics such as age, gender, pubertal status, 
lifestyle, motivation, and coexisting conditions. Acne scars may have a negative 
psychological impact on social life and relationship.

•	 Recently, newer techniques and modi�cations to older ones may make this refractory 
problem more manageable. Options and treatment algorithms for dealing with post-scar 
scarring are explored and a systematic review of literature is performed. The advent of 
fractionated lasers is one of the most important tools for treating acne. Depending on 
whether or not the scars cover a large percentage of the face or just a few areas, treatments 
can be calibrated to �t each scenario.

•	 The wide variety of new treatment methods for post-acne scarring includes the advent 
of tissue undermining, newer resurfacing tools, and possibly some future surgical and 
laser techniques. There are multiple medical and surgical devices useful in acne scar 
treatments. Many of these techniques may be performed in a single treatment session, 
but multiple treatments are often necessary.
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Treating acne scars, according to Fulton, “is perhaps the most dif�cult cosmetic surgery procedure 
that exists” [6]. It is really challenging to achieve total correction of tissue destruction caused by severe 
in�ammatory acne, which can destroy the epidermis, dermis and the underlying fat. The main treatment 
goal is to obtain as much improvement as possible rather than perfection.

Diffusion Treatments

Acne vulgaris is a common disorder in people of all ethnic skin types. This ubiquitous disease of early and 
midlife occurs across the range of skin phototypes, from pale-white to dark-brown or black (in 95%–100% 
of 16- to 17-year-old boys and 83%–85% of 16- to 17-year-old girls) [7].

Acne has been shown to persist into adult life and a recent study of adults over 25 years of age revealed 
at least mild disease in 3% of men and 12% of women [8]. In recent years, the literature has begun to 
acknowledge that race and ethnicity are also parameters that need to be considered in acne management. 
The current (very limited) evidence base indicates that there are probably no fundamental differences in 
acne epidemiology, pathophysiology (except for so called pomade acne in African-American patients) 
[9], or basic treatment options across the spectrum of skin types. However, given the prevailing racial and 
ethnic disparities in access to healthcare [10], such survey results must be interpreted cautiously. Several 
key differences related to acne sequelae do stand out—especially the elevated risk of hyperpigmentation 
and keloids formation in those with darker skin [11,12]. Clinicians need to be aware of these differences 
because they may require additions to the “standard” treatment algorithms to accommodate patients with 
darker skin. As the US population of individuals with dark skin continues to increase (e.g., the proportion 
of the US population that is White, non-Hispanic, is projected to decline steadily from 70% in 2003 to 
50% in 2060) [13], these issues will soon spread beyond the domain of dermatologists specializing in 
ethnic skin to all dermatologists and primary care practitioners.

For most patients, acne remains a nuisance with occasional �ares of unsightly comedones, pustules and 
nodules. For other less fortunate persons, the severe in�ammatory response to Propionibacterium acnes 
results in permanent dis�guring scars. Acne scarring was recorded in 14% of women and 11% of men [14].

History

As far back as 1905, surgical methods have been used to improve the skin that has been scarred by 
facial acne [15]. The work of the dermatologist Kromayer at the beginning of the twentieth century 
[16,17] was instrumental in the development of dermabrasion, once the main treatment modality for skin 
resurfacing [18]. Advances in equipment, techniques, and anesthesia have steadily occurred over the last 
three decades with wire brushes, diamond-embedded fraises, and serrated wheels being utilized [19,20]. 
In 1941, Eller and Wolff [21] �rst performed phenol peelings. Mechanisms used to resurface the epidermis 
and tighten the dermal collagen have included laser skin resurfacing carbon dioxide (CO2) [22,23] and 
erbium:yttrium–aluminum garnet (Er:YAG) [24] lasers or their combination [25]. Removal or leveling (or 
both) of individual scars has been achieved via excision, punch excision, punch elevation, dermal grafting, 
punch grafting, and subcision [26,27].

Multiple other methods have been added to ablative techniques, including injections of collagen [28], 
silicone [29] or fat, facelifts [30], and needling [31,32].

Newer permanent injections such as methylmethacrylate are also helpful in correcting acne scars. 
Collagen stimulators such as poly-L-lactic acid have been used on a limited basis to treat acne scars [33].

Different authors have also tried to facilitate acne scar treatment by suggesting schematic diagrams 
that correlate scars morphology and treatment [34,35], whereas others have used sequential therapeutic 
plans in treating theses scars.

Several excellent reviews of these scar revision modalities have been published [36–40]. However, 
according to the literature, the results of isolated ablative techniques are extremely variable, presenting 
effectiveness of outcomes that ranges from 25 to 81.4% [41].
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Structure and Function and Developments in Pathophysiology

The �rst element in the evolution of an acne scar is evolution of acne itself. Acne vulgaris most commonly 
begins with a non-in�ammatory comedone of the pilosebaceous unit. In the lower part of the follicular 
wall, the horny cells become stickier, causing impaction of these horny cells and dilatation of the 
sebaceous follicle [42].

Furthermore, in comedonic skin condition Propionibacterium acnes �ourishes and triggers production 
of the in�ammatory stage of acne.

In uncomplicated cases, the comedone spontaneously uncaps to release the contained sebum and 
keratinous debris and may go on to develop into an in�amed acne lesion such as a papule, pustule, nodule 
or cyst from, which likely leads to scarring (Figure 16.1). A perifollicular abscess is due to ruptures 
through the weakened infrainfundibular section of the follicle. If the abscess rapidly encapsulates 
and communicates with the corni�ed layer, full release is still possible in 7–10 days with no sequelae 
[43,44].

Scarring results when this process is incomplete or delayed. Failure to encapsulate results in further 
in�ammatory progression and rupture. With this follicular explosion, hairs, lipids, keratin, free fatty 
acids and released Propionibacterium acnes activate both classic and alternative complement pathways, 
amplifying the in�ammation [45] in the dermis and leading to irritation in their new environment [46]. 
Thus, grouped open comedones or multichanneled �stulous tracts with interconnected keratinized 
tunnels may appear [46]. Prolonged in�ammation of the follicular unit also promotes hyperplastic 
epithelialization, which is re�ected clinically as ice pick scars [47].

Other scars owe their appearance to the extent and the depth of the in�ammation or perifollicular 
abscess formation that may directionally extend away from the cutaneous surface. If the dermal 
in�ammation is severe and left untreated, sloughing is signi�cant with total necrosis of the follicle, 
leading to severe dermal scarring as its sequela. Additional involvement of adjacent structures in the 
subcutis shows in�ammatory migration along sweat glands and destruction of subcutaneous fat. When 
such deep in�ammation occurs and transdermal abscess expulsion is not accomplished, nodules and 
cysts occur [47].

Ongoing deep infection and in�ammatory modulation of the pilosebaceous units often result in scarring 
that is either atrophic (Figure 16.2) or hyperplastic (hypertrophic or keloidal) [48] (Figures 16.3 and 16.4). 
As the scars mature, along with myoepithelial contraction caused by wound healing, they draw in the 

FIGURE 16.1  Grade I post-acne scarring. A patient whose acne is coming under control with erythematous lesions 
treatment.
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surface layers and cause atrophy, depressed craters or indention. Much less commonly, acne scarring may 
become thickened (hypertrophic or keloidal) rather than atrophic. Certain individual characteristics seem 
to predispose patients to this type of acne scarring. These include family history, being between the ages 
of 10 and 30 years, and severity and site of the in�ammation. Keloid formation is also more common 
following acne in African-American, Hispanic and Asian patients compared with White patients. These 
keloidal overgrowths of scar tissue are seen �ve to 16 times more frequently in patients with skin of 
color [2].

If the acneiform activity is limited to the epidermis and super�cial dermis, the disconcerting 
appearance may be only dyschromatic. It is common to observe immature processes as erythematous 
macules, especially within the �rst year of their onset. The return to normal pigmentation is often 
more prolonged in these lesions than other cutaneous trauma. Chronic macular in�ammation may lead 
to permanent hypopigmentation or hyperpigmentation (especially seen in Fitzpatrick IV to VI skin 
types) [2].

FIGURE 16.2  In�ammatory lesions and atrophic scars co-exist in the same patient.

FIGURE 16.3  Grade II post-acne scarring.
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Treatment

Therapeutic intervention for post-acne scarring has historically been limited by the considerable morbidity 
of most treatments for only marginal disease improvement [49].

Within the past decade, a requirement for developing successful treatments for post-acne scarring is 
a greater understanding of its pathogenesis and variability of in�ammatory mediators among af�icted 
individuals [49].

New techniques have been added and older ones modi�ed in attempts to improve risk–bene�t pro�les 
and less recuperation. One should assess both the overall appearance and the morphology of each scar and 
adjust the treatment accordingly. In literature authors have been using their own acne scar denominations. 
There are a lot of methods that encompass the majority of acne scar types and correlate the lesions and 
the speci�c techniques used to repair them [50,51].

To perform a treatment algorithm for dealing with post-acne scarring we use the qualitative grading 
system of Goodman and Baron (Tables 16.1–16.3), which, in our opinion, is used as a template for 
describing the most suitable techniques to improve burden of disease of patients.

FIGURE 16.4  Grade III post-acne scarring.

TABLE 16.1

Grades of Post-Acne Scarring

Grade and Level Characteristics

I. Macular Erythematous, hyper- or hypo-pigmented �at marks visible to patient or observer at any distance

II. Mild Mild atrophy or hypertrophy that may not be obvious at social distances of 50 cm or greater and may 
be covered adequately by makeup or the normal shadow of shaved beard hair in men or normal body 
hair if extrafacial

III. Moderate Moderate atrophic or hypertrophic scarring that is obvious at social distances of 50 cm or greater and 
is not covered easily by makeup or the normal shadow of shaved beard hair in men or body hair if 
extrafacial, but is still able to be �attened by manual stretching of the skin (if atrophic)

IV. Severe Severe atrophic or hypertrophic scarring that is obvious at social distances greater than 50 cm and is 
not easily covered by makeup or the normal shadow of shaved beard hair in men or body hair if 
extrafacial and is not able to be �attened by manual stretching of the skin
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Macular Acne Scarring and Marking (Grade-1 Acne Scarring)

The �rst grade of scarring is macular changes of color and not of contour. Scars are visible irrespective 
of distance and may be red, white or various shades of brown to black.

Erythematous Macules

Clinical Aspects

If the scarring process is relatively super�cial, only the epidermis and super�cial dermis are involved. 
The scars may result as macules that may be erythematous if in�amed and comparatively early or young 
scars (under 1 year) or with altered pigmentation [44] (Figure 16.5).

Often red macules improve over ensuing months spontaneously. Vascular laser therapy is useful for 
erythematous macules because red changes are quite well targeted by these light sources In theory, 
lasers may be useful for maturation of these scars more rapidly and useful for prevention of progression 
to scarring of in�amed healing acne lesions [52].

Patients affected by acne excoriée with erythematous macules can be treated with psychotherapy 
associated with lasers (e.g., neodymium-doped:YAG [Nd:YAG], Er:YAG, diode and intense pulsed light 
[IPL]) with success [66].

Hyperpigmented Macules

Clinical Aspects

Pigmentation of scars may be increased in more olive-skinned patients and represents mostly a post-
in�ammatory response that will fade in 3–18 months [53].

TABLE 16.2

Global Acne Scarring Classi�cation: Types of Scars Making up the Classi�cation Grades

Grade and Level Examples of Scars

I. Macular Erythematous, hyper- or hypo-pigmented �at marks

II. Mild Mild rolling, small soft papular

III. Moderate More signi�cant rolling, shallow boxcar, mild-to-moderate hypertrophic or papular scars

IV. Severe Punched-out atrophic (deep boxcar), ice pick, bridges and tunnels, marked atrophy, dystrophic 
signi�cant hypertrophy or keloid

TABLE 16.3

Global Acne Scarring Classi�cation and Likely Treatment Options

Grade and Level Examples of Scars

I. Macular Time, optimized home skin care, light-strength peels, microdermabrasion, vascular or pigmented 
lasers, or IPL

II. Mild Non-ablative lasers, blood transfer, skin needling or rolling, microdermabrasion, dermal �llers

III. Moderate Ablative lasers, dermabrasion, medical skin rolling, fractionated resurfacing, dermal �llers if focal, 
subcision and blood transfer. Intralesional corticosteroids steroids or �uorouracil and/or vascular 
laser if hypertrophic

IV. Severe Punch techniques (�oat, excision grafting), focal trichloroacetic acid (CROSS technique) with or 
without resurfacing techniques (including fractionated resurfacing); fat transfer; occasionally 
rhytidectomy if grossly atrophic; intralesional corticosteroids steroids or �uorouracil and/or vascular 
laser if hypertrophic
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Treatment

These scars need strict sun protection to guard against aggravation of the hyperpigmentation, further 
reparative treatment is not usually required. If patients seek treatment, medical therapy with topical 
reparative creams such retinol (vitamin A), tretinoin (retinoic acid) or hydroxyl acids in conjunction 
with topical corticosteroids, hydroquinone, topical synthetic epidermal growth factor serum, kojic acid, 
and azelaic acid used in other examples of post-in�ammatory pigmentation may be useful [53–55]. 
Alternatively, or additionally, low-strength skin peels with glycolic and retinoic acids and Jessner’s 
solution or its variants may also be utilized effectively [56,57], although their ef�cacy in the treatment of 
post-in�ammatory acne marking is not established.

Even if there is a risk of inducing post-in�ammatory hyperpigmentation (PIH) with pigmented lesion 
lasers or light sources such as Nd:YAG, Q-switching or IPL, these devices occasionally may be useful 
for resistant cases [58].

Hyperpigmented Macules in Ethnic Skin

Clinical Aspects

PIH presents clinically as hyperpigmented macules that correspond to the area of in�ammation [2]. 
These lesions can be diffuse or localized and they can occur with or without secondary excoriation. The 
discoloration persists for months to years—much longer than the acne lesions themselves. For many 
patients, the lingering PIH is more psychologically disturbing than the original or residual acne itself [2].

Treatment

In patients with darker skin, early aggressive therapy for in�ammatory acne combined with careful 
consideration of the patient’s risk of irritation will help clinicians to eliminate PIH. Clinicians can achieve 
this balance in patients with ethnic skin with judicious use and prescription of widely available products. 
In addition, use of prevention strategies (e.g., sunscreen), special depigmenting agents (e.g., hydroquinone) 

FIGURE 16.5  Grade IV post-acne scarring.
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and even adjunctive therapies (e.g., chemical peels or microdermabrasion) can be essential [59]. Following 
Callender we purpose the simpli�ed algorithm in Figure 16.6 [60].

Hypopigmented Macules

Clinical Aspects

The white macules visible in the post-acne scarring may be true scars or post-in�ammatory leukoderma.

Treatment

Treatment of these lesions are very dif�cult and it is often without signi�cant outcomes. In literature 
there is the description of an 11-year-old White female patient who was successfully treated with manual 
dermabrasion for a hypochromic scar on the left forearm [61]. Reports of improvement of these lesions 
by needle dermabrasion utilizing a tattoo gun without pigment [62] and pigment transfer procedures have 
been attempted.

Hypopigmented macular scarring also called perifollicular scarring has been reasonably refractory 
to treatment.

Perifollicular acne in�ammation may result in small hypopigmented macular scars from destruction 
of dermal components around the hair follicles and they are largely untreatable at the present time [63].

Minigrafting also utilized for treatment of vitiligo, holds some promise in the treatment of post-acne 
scarring [64]. The most known epidermal suspensions are cultured for 24 hours, but an automated 

After 4–6 weeks
After 4–6 weeks

After 6–8 weeks
(if no improvement)

4% hydroquinone4% hydroquinone
“spot treatment”

Topical retinoid +/-
topical antibiotic or

BPO

Mild acne and
localized PIH

5%–10% hydroquinone +/-
microdermabrasion

or chemical peels

Discontinue HQ

Discontinue HQ

Mantenaince therapy
topical retinoid +/-

BPO

Discontinue HQ

Improvement

Improvement

Improvement

Topical retinoid +/-
topical antibiotic or

BPO

Moderate/severe
acne and di�use PIH

FIGURE 16.6  Treatment algorithm for acne and post-in�ammatory hyperpigmentation. BPO, benzoyl peroxide; 
HQ, hydroquinone. (Adapted from Callender VD. Cutis. 2005;76(2 Suppl):19–23.)
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commercial kit for trypsin dermal epidermal separation may improve the ease of the technique of 
minigrafting and allow immediately available, autologous, non-cultured epidermal suspension (Re-Cell, 
Clinical Cell Culture Americas, Coral Springs, FL, USA). This is now the most effective method [65].

Mild Atrophy (Grade 2 Acne Scarring)

Clinical Aspects

This grade of scarring includes those scars that may not be obvious at social distances of 50 cm or greater 
and may be covered adequately by makeup or the normal shadow of shaved beard hair in men or normal 
body hair if extrafacial (Figure 16.7).

This equates to a super�cial type of atrophic scar or mild rolling scar. Mild rolling scars are usually 
wider than 4–5 mm and have abnormal �brous anchoring of the dermis to the subcutis. Correction of the 
subdermal component is essential for treatment success [33].

Treatment of Patients with Few Scars

Tissue Augmentation

The group with few scars bene�ts from fairly simple treatments. The past decade has seen the advent 
of many non-autologous biologic and non-biologic tissue augmentation agents that may be used for 
atrophic scar contour correction. Achievement of safe, long-term or permanent correction using a tissue 
augmentation agent is a burgeoning area of interest [66].

(a)

(c)

(b)

FIGURE 16.7  (a) Clinical and (b) histological features of in�amed acne lesions. I phase (6–24 hours) increase of 
neutrophilic cells into follicle (suppurative folliculitis) and of lymphocytes around pilosebaceus unit (perifolliculitis). (c) 
Grade 3 acne scarring.



163Treatment Algorithm for Acne Scars

The short-term correction agents that are in use include injectable �llers, including bovine collagen 
mixed with methylmethacrylate beads, polylactic acid and hyaluronic or agarose acid. Usually two or 
three treatment sessions are required for the best possible skin correction, which may need time in the 
range of 6 months to 1 or 2 years for correction to be attained.

Silicon variations of polyacrylamides and expanded polytetra�uoroethylene are agents used for longer 
correction [33]. They are not suf�ciently accurate for improvement of mild scarring due to important 
local immunologic events.

However, all dermal augmentation agents may cause immunomediated adverse events or simply not 
be perfectly placed [33].

Goodman [67] described hematogenous transfer for tissue augmentation by the use of the patient’s 
whole blood. This agent was investigated for its ability to present an exogenous chromophore that can be 
used by monochromatic laser or polychromatic light as a suitable target.

Blood is injected immediately after drawing by simple injection with a 1-mL syringe with attached 
30-gauge needle high up in the dermis distending the scar giving a bleb with a bruised appearance. This 
treatment may be repeated at monthly intervals until adequate improvement is attained. Excessive �uence 
may be counterproductive because further collagen deposition may be induced by a low-level heat injury.

Treatment of Patients with Many Scars

Microdermabrasion

Dermabrasion was the �rst resurfacing technique that aided patients with this disorder. Over the last 
three decades we have observed advances in techniques, equipment and anesthesia and the exceeding of 
the manual dermabrasion.

New handpieces with 20,000–30,000 rpm have helped to control the depth of injury and reproducibility 
of treatment. Performed on frozen or tumesced facial skin, dermabrasion removes tissue to the level of 
the papillary dermis, or in signi�cant scarring, the upper reticular dermis [68].

Microdermabrasion using aluminum oxide crystals has attracted some considerable attention for acne 
scarring [68]. Small crystals of aluminum oxide are �red against the skin from a nozzle housing a 
compression and aspiration system; this causes multiple small lacerations, and used crystals are aspirated 
back from the skin surface and discarded. Multiple treatments are required.

Before starting any resurfacing procedure, it is exceptionally important to discuss with the patient the 
possible outcomes, including nature of healing, postsurgical care, and potential complications. Speci�c 
inquiries about infectious conditions, prior herpetic outbreaks, keloid formation, bleeding diathesis and 
prior isotretinoin treatment are required [68].

Even if dermabrasion as a procedure is risk prone and may lead to scarring and dyschromia and results 
point to substantial variation in clinical outcomes, it is indeed a low-cost alternative to laser therapy and 
forms an integral part of the armamentarium of the practitioner involved in the treatment of acne scarring.

Skin Needling

Skin needling is an effective method for treating acne scars because it involves puncturing the skin 
multiple times with a small needle to induce collagen growth. Since 1995, Orentreich and Orentreich 
[26] have used this technique to achieve percutaneous collagen induction. Desmond Fernandes [31], 
simultaneously and independently, used skin needling to treat the upper lip by inserting a 15-gauge needle 
into the skin and then tunneling under the wrinkles in various directions. Scars were treated with a tattoo 
gun to “needle abrade” them. Although this technique could be used on many areas, it was laboriously 
slow and the holes in the epidermis were too close and too shallow. All these techniques worked because 
the needles break old collagen strands in the most super�cial layer of the dermis that tether scars or 
wrinkles. It is presumed that this process promotes removal of damaged collagen growth and induces 
more collagen immediately under the epidermis.

A special new device covered with 30-gauge needles (Dermaroller) is now available. It may be 
rolled horizontally, vertically and diagonally, right and left, over the areas affected by acne scars. The 
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microneedles penetrate through the epidermis and for about 1.5–2 mm into the dermis. The epidermis 
is only punctured and rapidly heals. After the treatment, the skin bleeds for a short time. When bleeding 
stops, the serous ooze formed may be removed from the surface of the skin using sterile saline solution. 
After each session of treatment, patients’ facial skin appear reddened and swollen but redness and 
swelling disappear in 2–3 days. No side effect was described or found and every area of the face and the 
body may be treated [32,69].

With this technique the rolling is continued and done once a month until some bruising is noted.
The mechanism of action of the collagen induction therapy (CIT) is based on scienti�c facts that skin 

cells communicate by electrical signals. When the skin is microneedled, cells react to this intrusion by 
changing their internal electrical potential. This electrical charge in return stimulates skin cells to release 
chemical compositions, protein and growth factors. Proliferated skin cells, such as �broblasts, migrate to 
the point of injury and transform into collagen �bers [69].

CIT is a simple technique and can have an “immediate effect” on the improvement of rolling acne 
scars. In accordance with the literature, a complete result after CIT may be observed after 8–12 months 
of treatment as the deposition of new collagen takes place slowly. Compared with other ablative methods, 
CIT has advantages. The most important one is that the epidermis remains intact because it is not 
damaged, eliminating most of the risks and negative side effects of chemical peeling, laser resurfacing 
or dermabrasion.

This treatment appears to be synergistic with other methods such as non-ablative lasers, blood transfer 
and vascular lasers. Goodman and Barron [49] suggest to always supplement the procedure of skin rolling 
with other procedures, both simultaneously (blood transfer, vascular laser and subcision for bigger scars) 
and sequentially starting 1 month after the procedure and continuing monthly for three treatments (non-
ablative 1450-nm diode laser).

A recently introduced laser employing the concept of “fractionated photothermolysis” produces small, 
vertical zones of full-thickness thermal damage by a midinfrared laser [70,71]. This is a method of 
ablative resurfacing without a pronounced and long healing phase and conceptually it may be the laser 
equivalent of skin needling.

Non-ablative Lasers

Laser skin resurfacing has become a popular therapeutic modality for the correction of acne scars, but it is 
not always effective in all types of acne scars. Non-ablative dermal remodeling has gained acceptance in 
the treatment of atrophic scars and has a role especially in rolling and shallow boxcar scars. With respect 
to ice pick and deep boxcar scars, ablative lasers are the better treatment choice [72].

Although improvement is seen with non-ablative lasers, most investigators conclude that the results do 
not approach those of ablative lasers requiring subsequent re-epithelialization. For the patient, the trade-
off is between reduced improvement and more recovery time, as a longer recovery time is necessary to 
ensure proper healing.

The major lasers used for this purpose are the mid-infrared lasers such as diode, short-pulsed, variable-
pulsed, and dual-mode Er:YAG, Nd:YAG lasers, and fractionated photothermolysis [73,74].

As opposed to CO2 laser resurfacing, these lasers minimize epidermal damage by cooling the epidermis 
while targeting water within the dermis to produce a diffuse dermal injury by heating above 501°C. As a 
result, re-epithelialization is avoided during the recovery period. In addition, new models in this area have 
further reduced epidermal injury by cooling the skin with a cryogen spray (CoolTouch, Laser Aesthetics) 
to maintain an epidermal temperature between 42 and 481°C [75,76].

Repeated treatments are required with a suitably higher bene�t–risk ratio, but longevity of result is 
still largely unknown.

Much speculation surrounds the mechanisms by which non-ablative dermal remodeling occurs, 
despite its documented clinical and histologic ef�cacy in the treatment of rhytides [77]. The concept of 
a bene�cial subclinical epidermal injury has been raised with non-ablative laser resurfacing [78]. Such 
super�cial dermal blood vessel injury and cytokine release, with potentially enhanced dermal remodeling, 
could explain the results.
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Subcision techniques or skin needling in conjunction with non-ablative lasers may be used in patients 
presenting milder to slightly more severe scarring.

Moderate Atrophy (Grade 3 Disease)

Clinical Aspects

This level of scarring is obvious at social distances of 50 cm or greater and is not covered easily by 
makeup or the normal shadow of shaved beard hair in men or body hair if extrafacial, but is still able to 
be �attened by manual stretching of the skin (Table 16.1; Figure 16.8).

It equates to the deep rolling and shallow boxcar atrophic-type scars.
Shallow (0.1–0.5 mm) boxcar atrophic-type scars are round-to-oval depressions with sharply 

demarcated vertical edges, similar to varicella scars. They are clinically wider at the surface than ice 
pick scars and do not taper to a point at the base.

Treatment of Patients with Few Scars

If there are few scars then their augmentation by temporary or longer-term autologous or external agents 
may be appropriate. Combinations of techniques such as subcision, blood transfer, non-ablative or vascular 
laser, and skin needling may be useful for more signi�cant scarring.

Subcision

The technique of subcutaneous incision, or subcision, is used to free the tethering �brous bands that cause 
deep rolling and shallow boxcar atrophic-type scars.

For this procedure, the entire area to be subcised is marked and subcutaneous anesthetic is administered. 
A hypodermic needle may be used (18–26 gauge, depending on scar size and depth) to cut the adherent 
bands beneath the skin. Excellent results can be achieved by using an 18-gauge, 11/2-inch NoKor Admix 
needle (Becton Dickinson and Co, Franklin Lakes, NJ, USA). The triangular tip (similar to a No. 11 blade) 
allows smooth and thorough separation of the �brous cords. The actions consist in tunneling parallel to 
the skin surface using a gentle piston-like motion to advance the needle through the �brous bands in order 
to release epidermis from upper dermis [26].

This process leads to a pooling of blood under the defect, keeping the scar base from immediately 
reattaching to the surface layers. Blood accumulates under the defect, and its subsequent organization 

(a) (b)

FIGURE 16.8  (a) II phase (48 hours). Ruptures through the weakened infrainfundibular section of the follicle cause 
perifollicular abscess (suppurative perifolliculitis). (b) Clinical aspect of atrophic scars.
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is thought to result in connective tissue formation. Most atrophic acne scars improve well with one to 
three treatments. This technique may be readily combined with resurfacing and this leads to long-term 
correction of the defect.

The technique of undermining scars has been practiced as an adjunct to �brin foam or collagen 
implantation, dermal grafting, and microlipoinjection [79].

Risks of subcision include bleeding (which is uncommon with proper anesthesia and pressure bandages) 
and excessive �broplasia leading to nodule formation. This rare outcome can be improved with low-dose 
intralesional steroid injections, but often resolves without treatment in 2–3 months. Bruising from the 
procedure fades within 1–2 weeks.

As a simple technique that appears to produce long-term correction of contour defects, it deserves to 
be a �rst-line treatment for many isolated moderate atrophic scars [79].

Treatment of Patients with Many Scars

Technique-Sensitive Resurfacing (Lasers, Radiofrequency, 
Medium-Strength Peels, Plasma, and Abrasion)

The atrophic forms in this group are improved by ablative laser resurfacing if widespread atrophy is seen. 
CO2 laser was the laser system �rst utilized for post-acne scarring, commonly replacing dermabrasion 
(drywall/plaster-sanding screen [80] or moistened silicon carbide sandpaper and strong chemical peeling). 
These newer adaptations of older techniques still suffer from a prolonged healing phase and morbidity. 
Although other lasers have been added to the armamentarium, it is uncertain whether they add much to 
the ef�cacy [80,81]. Modulating the erbium laser has meant that it behaves more like a CO2 laser with 
arguably a better safety pro�le. Another popular method has been to combine erbium and CO2 lasers 
either simultaneously or sequentially [81].

The statements made above regarding the excessive morbidity of resurfacing techniques, however, are 
almost as true for these newer lasers [82].

The greatest fear for those performing laser resurfacing is the incidence of hypopigmentation. The 
use of trypsin-digested donor epidermal cells after the resurfacing may allow a protection from this 
complication and a more rapid epithelialization. In an effort to increase penetration depth and strive 
toward collagen shrinkage and skin tightening, radiofrequency (RF) wavelengths have been extensively 
employed [105]. RF and fractionated microneedle RF devices produce electrical energy that heats the 
dermis without plume and at relatively low temperatures [83].

The �rst energy source in this arena was the monopolar RF device, ThermaCool (Thermage, Inc, 
Hayward, CA, USA), which demonstrated improvement in skin laxity and acne scars. The most recent 
development is the Accent device (Alma Lasers, Ltd, Caesarea, Israel), which offers alternatively 
bipolar and a novel unipolar RF modes [84]. The treatment of photoaging through non-ablative 
photorejuvenation encompasses the use of photodynamic therapy [85,86]. The application of topical 
photosensitizers, namely 5-5-aminolevulinic acid (ALA), for short incubation times combined with 
newer laser and light sources has been shown to be safe and effective. It may have a role in the collagen 
growth and thus in improvement of atrophic scars.

This may also bene�t from the treatments described in the milder group, especially medical skin rolling 
combined simultaneously with subcision and later by non-ablative laser [87].

Severe Atrophy (Grade 4 Acne Scarring)

Clinical Aspects

This is represented by severe atrophic scarring that is obvious at social distances of 50 cm or greater 
and is not covered easily by makeup or the normal shadow of a shaved beard hair in men or body hair if 
extrafacial and is not able to be �attened by manual stretching of the skin (Table 16.1; Figures 16.9 and 
16.10).
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Ice Pick Scars

Deep ice pick scars are narrow (<2 mm) and �brotic scars, with sharp shoulders perpendicular to the skin. 
They are epithelial invaginations that can reach the subcutaneous layer. The surface opening is usually, 
but not always, wider than the deeper infundibulum as the scar tapers from the surface to its deepest apex.

Punched-Out Atrophic

Punched-out atrophic or deep boxcar scars are depressions (=0.5 mm) with sharply demarcated, vertical 
edges (1.5–4.0 mm).

Tunnels are constituted of two or more ice picks connected by an epithelized tract. They have to be 
excised but can also be repaired by punch grafting [88].

Dystrophic Scars

These types of scars may have irregular or star-like shapes with a white and atrophic �oor. They can also 
be represented by �brotic masses with multichanneled tracts that retain sebaceous or pustular material.

Marked Atrophy

Marked atrophy is a de�cit seen in patients with acne where disrupted acne follicles and cysts release 
in�ammatory mediators that destroy facial fat. Cysts are also space-occupying lesions that leave a void 
after their resolution that the atrophied subcutaneous tissues cannot �ll.

(a) (b)

FIGURE 16.9  (a) Clinical and (b) histological features of hypertrophic scars.

(a)
(b)

FIGURE 16.10  (a) Clinical and (b) histological features of keloid scars.
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Aging exaggerates this lipoatrophy and the concavities of the preauricular, temples, inframalar, and 
perioral tissues become exaggerated and scarring in these regions appears worse.

Treatment

Larger punched-out scars (deep boxcar and larger ice pick scars) have to be excised by cylindrical punches 
[88], which have to be large enough to involve the entire lesion and by elevation or �oat techniques. They 
can be left to second intention healing or be replaced by full-thickness grafts from the postauricular area, 
which are 25%–50% larger than the defect (punch-graft technique). Direct closure of these small holes 
very frequently leads to enlarged and unpleasant scars, unless they are submitted to deep intradermal. 
The use of focal trichloroacetic acid at high concentrations (60%–100%, chemical reconstruction of skin 
scars technique) [89], especially in the treatment of smaller ice pick and poral-type scars, has always been 
dif�cult. This technique requires multiple sessions until the center of the scar is seen to �atten, basically 
scarring the inside of the cylindrical scar, making it cosmetically more appealing.

Dystrophic scars are treated by direct excision under primary elliptical or broken lines, and sometimes 
even “M,” “Z” or “W” plasties are required for their treatment [90].

In the treatment of marked atrophy, fat is an excellent deeper augmentation material because it is cheap 
and readily available. This technique is also termed lipo�lling, which does not result in rejection or 
allergic reactions. Fat is probably a permanent augmentation technique (more than 50% of transplanted fat 
survives), and correctly implanted, it produces accurate, longstanding and autologous correction [91]. It is 
useful to combine this augmentation with most other surface techniques such as resurfacing or subcision. 
Fat is injected through a small nick made with a vented needle (Nokor, Becton Dickinson), 11-gauge blade, 
or similar instrument. To achieve precision of correction, undermining or subcision [92] is used to release 
the scar tissue from its attachments to deeper tissues. The residual fat may always be frozen and may be 
used for at least 12 months after the procedure.

Most acne-scarred patients bene�t from further top-up procedures 3 months after the procedure. 
Overcorrection should be kept to no more than 10%. Aging adds to the problems of the acne-scarred face 
and in�uences patients to seek corrective surgery. Polylactic acid and hyaluronic acid may be used to 
augment substantially depressed acne scarring if fat is not available.

Mild, Moderate, and Severe Hypertrophic Disease

Clinical Aspects

Much less commonly, although, acne scarring may become thickened (papular, bridges, hypertrophic or 
keloid scars) rather than becoming atrophic. Certain individual characteristics seem to predispose patients 
to this type of acne scarring.

Papular Scars

Papular scars may be small, soft, popular scars (grade 2 mild) or more signi�cant papular scars (grade 
3 moderate). Papules are soft elevations, like anetodermas, which are frequently observed on the trunk 
and chin area.

Treatment

They are largely untreatable at the present time, but if scars are facial, they can be treated by controlled 
CO2 laser vaporization or light electrodesiccation of each papule [93].

Bridges

Bridge, another kind of elevated scar, is a �brous string over healthy skin (grade 4 severe). This type of 
scar is common on the face.
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Treatment

They are treated by tangential excision.

Hypertrophic and Keloid Scars

Hypertrophic scars are also thickened elevations, but remain within the con�nes of the original 
acne lesion with the scar progressing for a few months and then slowing before regressing after some 
years. Histologically, hypertrophic scars show numerous �broblasts but relatively few collagen bundles, 
but with some myo�broblasts, and this may explain the scar contracture that is seen (grade 4 severe).

Keloid scars spread outside the con�nes of the original wound. They have differences in �broblast 
size and activity, immune cell actions, and an imbalance between production and degradation of excess 
collagen. They are common in the mandibular arch, shoulders and sternal region and are prone to recur 
(grade 4 severe) [93].

Treatment

Topical Silicone-Gel Sheeting  Topical silicone-gel sheeting alone or with intralesional steroids are the 
only evidence-based, recommendable forms of treatment to control the quality of a scar. The advantages 
and disadvantages of both are well known. Signorini and Clementoni [94] �rst veri�ed the ef�cacy of 
a new topical self-drying spreadable silicone gel (Dermatix®, Valeant Pharmaceuticals, Milan, Italy) in 
a prospective trial involving a group of 160 patients. Considering the effective results obtained and the 
good patient compliance, the authors rated this concept of treatment as the �rst choice for preventing 
hypertrophy of recent scars (such as hypertrophic and keloidal post-acne scarring).

Intralesional Cytotoxic Therapy  The use of corticosteroid injections to date is the core treatment 
available for the management of excessive tissue production in scars. Currently, the most effective and 
safe regimen for hypertrophic and keloidal acne management appears to be the use of corticotherapy 
injection of intradermal steroids (triamcinolone acetonide 10 or 40 mg/mL or betamethasone sodium 
phosphate and betamethasone acetate 5.7 mg/mL). Usually it is best to start with triamcinolone acetonide 
(10 mg/mL) or betamethasone sodium phosphate and betamethasone acetate (5.7 mg/mL), reserving 
triamcinolone acetonide (40 mg/mL) for resistant cases [95].

There has also been recent interest in the intralesional use of the cytotoxics �uorouracil and bleomycin 
sulfate, however, as treatments of these lesions. Fluorouracil is usually utilized at a concentration of 
50 mg/mL and has been mixed 80:20 with low-strength intralesional steroid. It may be used alone, 
however. Usually approximately 1 mL is utilized in each session and often 0.1–0.3 mL is all that is 
required for an individual scar. Recently the molecular basis of the action of �uorouracil has been 
elucidated. Fluorouracil appears to be a potent inhibitor of transforming growth factor-β/SMAD protein 
signaling [96,97].

Vascular Lasers  Alster and Williams �rst reported treatment of keloid sternotomy scars with 585 nm 
�ash lamp-pumped pulsed-dye laser with improvement in scar height, skin texture, erythema and pruritus 
in the laser-treated scars [98].

Other Therapies  Rusciani et al. treated 135 patients to assess the ef�cacy of cryotherapy in the treatment 
of keloids with good results. The main adverse effects reported were atrophic depressed scars and residual 
hypopigmentation but no recurrences arose during the follow-up period [99]. It is useful to combine 
cryotherapy with other modalities such as surgery or corticosteroids.

Other authors described surgical excision and immediate postoperative adjuvant use of ionizing 
radiation with X-rays or 1200 Gy in three or four fractions. However, recurrence rates were high and 
suggested use was as a last resort option [100,101]. Intralesional verapamil at a concentration of 2.5 mg/
mL (0.5–2 mL injected volume depending on the size of the scar) or topical imiquimod have been 
suggested as post-operative adjunctive treatment to surgical excision of keloidal scars [102,103].
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Outlook: Future Developments

In clinical practice, it is common to observe some patients with in�ammatory acne suffer from signi�cant 
scarring, while others with apparently similar severity are able to heal without scarring. It is known that 
there are both humoral and cellular-immune components that correlate with the severity of acne and that 
antigens of Propionibacterium acnes play a central role and the extent of this response has been found 
to differ among patients.

Holland et al. [104] examined this by assessing whether there were differences in the cell-mediated 
immune responses at different time points in in�amed lesion development between resolution in patients 
who were prone and those with the same degree of in�amed acne but who were not prone to develop 
scarring.

In lesions of non-scarring patients, the time course was typical of a type-IV, delayed-hypersensitivity 
response, a signi�cant angiogenesis with preferential recruitment of macrophages and Langerhans cells with 
high cellular Human Leukocyte Antigen-DR isotype (HLA-DR) expression that indicates the clearance 
of causal antigen(s). In addition, these patients are not highly sensitized to the antigen(s) responsible for 
acne because they have CD4+ T cells, with an even smaller number being speci�cally skin homing. Thus, 
there is the effective removal of the causal antigen(s) and the satisfactory resolution of the in�ammation.

In lesions from patients who scar, the scenario was different. In early lesions, they have a low 
cellular HLA-DR expression and an ineffectual early in�ammatory response. In resolving lesions, 
the number of CD4+ T cells in the in�ltrate and angiogenesis remained high and these would lead 
to abnormal healing and pathological scarring in these patients. Thus, based on the poorly resolving 
in�ammation, scarring would be a more likely outcome, suggesting the requirement of anti-in�ammatory 
medications.

In addition, prolonged angiogenesis may play an important role in the developing of post-acne atrophic 
scars. For blood vessels to cut a path and invade into the subcutaneous layer requires an increase in 
metalloproteinases (MMPs). The matrix MMPs are a family of zinc metallo endopeptidases (MMP 
1F Type 1 collagenase, MMP 2F Type 4 collagenase and MMP 3F stromelysin-1) that can collectively 
cleave all components of the extracellular matrix and allow vascular proliferation [105]. Healing 
induces many changes to the collagen content of the wound; both the collagen type and positioning 
of the �bers are altered as the scar tissue develops. Tissue inhibitors of MMPs (TIMPs) control their 
activity because if MMPs are overactive or active for a longer time than required to support prolonged 
angiogenesis, the dissolution of dermal support or a breakdown of the normal balance of collagen 
production may occur.

So if we are to intervene with physical therapies, it may seem reasonable to target poorly resolving 
angiogenesis also, and keeping this in mind, vascular lasers and light sources could be examined for 
possible treatment options. Common agents such as retinoic acid, imiquimod, calcipotriol, corticosteroids, 
low-dose �uorouracil, diclofenac, tetracyclines, hyaluronic acid, estrogen, metabolites, genestein, heparin, 
cyclosporine A, steroids and COX2 inhibitors have all been suggested to be anti-angiogenesis substances. 
Many of these agents have both anti-in�ammatory and anti-angiogenesis characteristics and may deserve 
investigation to help avert early acne scarring [106].

Summary for the Clinician

Acne often results in secondary damage in the form of scarring. Even with prevention and good efforts, 
scars may occur. The aim of this work is to give a broad overview of multiple management options, 
whether medically, surgically or procedurally based. It is also important to ensure that the patient is able 
to comply with therapy, and clear guidelines regarding treatment, possible adverse effects and realistic 
expectations are to be provided before commencing therapy.
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Combination peels, 32–33
Corrective cover cosmetic (CCC), 119–124
Cosmoderm, 58
Cosmoplast, 58
CROSS, see Chemical reconstruction of 

skin scars
Croton oil, 30, 31
Cryotherapy, 169
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LLLT, see Low-level light therapy
Long-pulsed (LP) 1064 nm lasers, 95–96
Low-level light therapy (LLLT), 114

M

Macular scars, 30
Manual dermabrasion, 45
Marked atrophy, 167–168
Matrix metalloproteinases (MMPs), 10, 11
Mechanical skin resurfacing, 41
Medium-depth peels, 31–32
Mequinol, 142
Microdermabrasion, 41, 163

background, 47
equipment, 49–50
pathophysiology of, 48
patient selection, 48–49
pre-operative considerations, 48–49
results, 50–51
technique, 50

Microneedling, 147
Microneedling with radiofrequency, 97
Microscopic treatment zones (MTZ), 148
MMPs, see Matrix metalloproteinases
Monotherapy approach, for acne scars, 98
Motorized dermabrasion, 45
MTZ, see Microscopic treatment zones

N

Nodulocystic acne, 149–150
Nokor needle, 104
Nonablasive fractionated laser, 147–149
Non-ablative lasers, 91, 132, 164–165

P

PA, see Pyruvic acid
Papular scars, 168
PCI, see Percutaneous collagen induction
PDL, see Pulsed-dye laser
PDO threads, 84
Percutaneous collagen induction (PCI), 34, 67, 68
Phenol, 30
Photopneumatic therapy, 95
Picosecond 755 and 1064 nm lasers, 96
PIE, see Post-in�ammatory erythema
PIH, see Post-in�ammatory hyperpigmentation
Pityrosporum ovale, 142
Platelet-rich plasma (PRP), 77–78

advantages of, 79
autologous platelet gel, 80–81
clinical follow-up, 83
clinical results, 83
clinical uses of, 81–82
contraindications of, 79
growth factors in, 78–79
history of, 78
indications of, 79
kits, 81
pathophysiology of, 78–79
preparation, 82
skin needling and, 82
technology, 82–83

PLLA, see Poly-L-lactic acid
PMMA, see Polymethylmethacrylate
Poly-L-lactic acid (PLLA), 60–63
Polymethylmethacrylate (PMMA), 63–64
Polymorphous acne scars, 97
Post-in�ammatory erythema (PIE), 128, 130
Post-in�ammatory hyperpigmentation (PIH), 23, 125, 128, 

130, 132, 133, 139–142
chemical peels, 142
clinical features of, 140
topical agents for, 141–142
treatment of, 140–142

Prevelle silk, 55
Propionibacterium acnes, 9, 94, 156
PRP, see Platelet-rich plasma
Pulsed-dye laser (PDL), 145
Punched-out atrophic scars, 167
Punch excision, 145–146
Punch grafting and elevation, 146
Pyruvic acid (PA), 18, 21–22, 24, 25

Q

Q-switched 1064 nm lasers, 96
Q-Tip, 31

R

Radiesse-Microsphere, 56
Resorbable threads, in acne scars, 83–84

advantages, 86
adverse reactions and management of complications, 87



178 Index

Resorbable threads, in acne scars (Continued)
after treatment, 86–87
contraindications, 85–86
disadvantages, 86
indications, 84
with l-lactide-ε-caprolactone, 85
PDO threads, 84
post-treatment, 86
results, 86
technology, 84, 85

Resorcinol, 22
Restylane, 55
Restylane defyne, 56
Restylane L, 55
Restylane lyft-L, 55
Restylane refyne, 55
Restylane silk, 55
Retinaldehyde, for acne scars, 15
Retinoic acid

for acne scars, 15–16
glycolic acid and, 15–16

Retinoids, 141–142
Rolling scars, 2, 5, 6, 12

S

SA, see Salicylic acid
Salicylic acid (SA), 18, 22, 24, 26
Scarring among Asians, 125–128

dealing with, 128–134
Scars, 1; see also Speci�c scars

atrophic, 30, 130
boxcar, 1, 5, 6, 12
formation, 11–12
hypertrophic, 2, 5, 7, 30, 130
ice pick, 1, 5, 12
keloidal, 2, 5, 7, 130
macular, 30
rolling, 2, 5, 6, 12
shallow, 1

SCP, see Super�cial chemical peeling
Sculptra Aesthetic, 57
Shallow scars, 1
Silicone, 64
Silicone dressings, 144–145
Silikon 1000, 57, 64
Sinus tracts, 2
Skin needling, in acne scars, 67–73, 163–164

adverse effects of, 72
clinical results, 70–72
contraindications, 72
day of treatment, 69–70
history, 67
pathophysiology of, 68
platelet-rich plasma and, 82
post-treatment care, 70
preparation phase of, 68
side effects, complications, and management, 

72–73
Steroids, 144

Subcision technique, 100, 146
advantage of, 102
combination possibilities, 102
complications of, 102
disadvantage of, 102
history, 101
indication, 102
management of complications, 105
practical advice for clinician, 102
structure and function, 101
technical procedure of, 102–105

Super�cial chemical peeling (SCP), 18
advantages of, 19
agents, 20–23
application, 25–26
complications from, 27
concentration, agent, and formulation, 

choice of, 24
contraindications to, 19
disadvantages of, 19
history, 18
informed consent for, 23–24
medical history prior to, 23
photographic documentation and, 24
post-peel care, 26–27
priming/pre-treatment, 23
procedure, 23–27
side effects of, 27
tray, 25
treatment regimen, 23

Surgical scar treatment, 100–101
additional modalities, 113–114
contraindications for, 101
dermal grafting technique, 100, 105–108
excision and punch techniques, 100, 108–113
�owchart, 115
future developments, 113–114
patient characteristics and, 101
subcision technique, 100, 101–105

T

TCA, see Trichloroacetic acid
TGF, see Transforming growth factor
TIMPs, see Tissue inhibitors of matrix 

metalloproteinases
Tissue inhibitors of matrix metalloproteinases 

(TIMPs), 10, 14
TLR4, see Toll-like receptor 4
Toll-like receptor 4 (TLR4), 10, 11
Topical silicone-gel sheeting, 169
Traditional 2940 and 10600 nm ablative lasers, 98
Transforming growth factor (TGF), 94
Treatment algorithm for acne scars, 154–155; 

see also Acne scars
diffusion treatments, 155
future developments, 170
grade-1 acne scarring, 156, 159–162
grade-2 acne scarring, 157, 162–165
grade-3 acne scarring, 165–166
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grade-4 acne scarring, 160, 166–168
history, 155
hypertrophic disease, 168–169
pathophysiology, structure and function and 

developments in, 156–158
treatment, 158–159

Trichloroacetic acid (TCA), 18, 20, 24, 25, 30–32

V

Vascular lasers, 169

Z

Zyderm, 58
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