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41.1  Background

Atrophic scars represent some of the most difficult and 
insidious pathologies confronting the reconstructive 
surgeon. Deriving from the ancient Greek “a-trophos” 
(wasted), the term presents a vivid representation of the 
clinical picture and an area of scar management particu-
larly worthy of specific attention.

The atrophic scars typically develop as a result of 
an intracutaneous inflammatory process. Rather than 
exuberant inflammation, the process results in 
reduced matrix regeneration and focally reduced col-
lagen production. Focal contraction of  the scar tissue 
will result in uneven soft tissue defects. Clinically, 
these result in contour defects on the surface of  the 
skin [1].

Several pathologies may result in atrophic scars [2], 
This chapter is intended for the experienced laser practi-
tioner tackling three clinical conditions presenting to 
the reconstructive specialties, often as a last resort after 
exhaustive traditional management: acne, striae albae, 
and burns. It explores common principles, followed by 
state-of-the-art management and evaluation of the 
senior author’s experience.

41.1.1  Common Principles

These atrophic conditions wound both tissue and psyche. 
They tend to be underestimated causes of significant 
morbidity for the individual patient who often either 
loses all hope of amelioration or presents with unrealis-
tic expectation. Therefore, its appropriate management 
entails identification of their concern, their attitude 
toward the risk/benefit of the management proposed, 
and setting their expectations at an appropriate and real-
istic level. It is important to emphasize that current 
treatment modalities can improve but cannot completely 
remove atrophic scars. Scarring from acne vulgaris and 
burns has been associated to a range of mental health 
issues including depression as well as embarrassment, 
poor self-esteem, and general social impairment. Early 
and appropriate involvement of multidisciplinary opin-
ion is key [3, 4].

Appropriate clinical documentation not only helps 
set the baseline at presentation but also allows the 
patient to observe progress and build confidence. Both 
two-dimensional photography and three-dimensional 
photography are useful adjuncts in management, given 
reproducible conditions and serial repetition.

Further, an objective grading of  the condition is key 
to identify appropriate therapeutic options in mind. 
While classification systems are extensively discussed 
elsewhere, it is our experience that the use of  one over 
the other is not in itself  as important as consistency, 

and familiarity with one system, geared toward a thera-
peutic solution.

41.2  Atrophic Acne Vulgaris Scarring

Atrophic scarring is substantially more common than 
hypertrophic [5]. Being able to deconstruct the presenta-
tion into the component symptoms is crucial. Often the 
components of the presenting complaint are a mixture 
of contour and dyschromia, which can be general or 
specific to particular areas or even single scars. It is 
important to enquire about the physical consequences 
which the patient perceives, such as the inability to apply 
makeup, which are key areas of concern, past treatment 
regimes, and the frequency of recrudescence. Tendency 
to hypertrophic, keloid, or poor scarring is asked. 
Enquiring about postoperative social commitments is 
important, considering the variation in recovery times 
with the various treatments while sun exposure without 
adequate protection may dramatically alter the result 
and incidence of complications. Examination estab-
lishes skin type and excludes residual active inflamma-
tion, extent, and grade of disease. Application of the 
Goodman and Baron classification imparts some degree 
of objectivity in concluding one’s deliberations to focus 
on the appropriate therapeutic modalities (. Table 41.1).

Management of atrophic acne scarring depends on 
the infrastructure and equipment available to the practi-
tioner; therefore, a critical appraisal of traditional meth-
ods is presented first, followed by state-of-the-art 
methods and our experience thereafter. For ease of ref-
erence, these techniques are grouped by their main mode 
of action into resurfacing and tightening, dermal lifting 
techniques, and dermal volumization techniques.

41.2.1  Resurfacing and Tightening 
Techniques

41.2.1.1  Microdermabrasion
Microdermabrasion is a minimally invasive technique 
that improves texture but only addresses superficial 
scars, although its combination with aminolevulinic 
acid photodynamic therapy (ALA-PDT) is more effec-
tive, based on RCT evidence [7]. In principle, subsequent 
wound remodeling results in neocollagenesis and hence 
increased dermal thickness. Its main use is for well- 
defined superficial scars with distinct borders or broad- 
based scars with indistinct borders. Its main drawbacks 
are high operator dependence and a suboptimal safety 
profile. Further adverse effects may include dyschromia 
and scarring. For these reasons it has been largely 
replaced by laser.
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41.2.1.2  Chemical Peels and Microneedling
Chemical peels can improve pigmentation and tone and 
texture. Bhargava et al. reported that glycolic acid (35%) 
peels and salicylic (20%)  – mandelic acid (10%) peels 
were more effective for ice-pick than boxcar scars. Twice- 
weekly stronger strength peels seem to be more effective 
than daily low-strength creams. Trichloroacetic acid 
(35%) peels with a short downtime seemed to be particu-
larly effective in darker skin types. Yet others combine 
needling with TCA peels to good effect. Caution needs 
to be taken in view of several potential adverse effects 
including prolonged erythema and post-inflammatory 
hyperpigmentation. These side effects are more preva-
lent but by no means limited to deep peels. Paradoxically, 
very high concentrations of TCA have demonstrated 
high efficacy in atrophic scars, and boxcar scars in par-
ticular, and have been rebranded as chemical reconstruc-
tion of skin scars (CROSS). Skin needling is another 
method, based on the principle of percutaneous induc-
tion of collagen, creating dermal microclefts, with col-
lagenesis resulting from the cascade of growth factors 
unleashed by the wound-healing process. It appears to 

be more effective on rolling scars, and collagen deposi-
tion happens slowly, with the final result taking several 
repeat sessions and up to a year to be complete. Needling 
seems to confer added value as a method for transcuta-
neous drug delivery. Several such applications have been 
reported, such as combinations with TCA, platelet- rich 
plasma (PRP), and CROSS. Current best evidence sug-
gests that results are operator-dependent, frequency- 
dependent, and concentration-dependent and that depth 
and degree of post-inflammatory hyperpigmentation 
are unpredictable, requiring experience and expertise; 
for this reason, the authors have moved away from these 
techniques toward light and laser therapy.

41.2.2  Dermal Lift Techniques

41.2.2.1  Punch Excision
Punch excision is a simple and quick technique that con-
verts a discrete atrophic scar into a well-apposed, well- 
oriented surgical “healthy scar” which is easier to manage 
by both surgeon and patient. An appropriately sized 
punch biopsy is used to perform full-thickness excision. 
The wound is then sutured along relaxed skin tension 
lines (RSTLs). Observing the elongation of the circle 
into an ellipse with tension allows the practitioner to 
choose the optimal orientation for closure. It is also use-
ful to avoid closely spaced defects and thus excess trac-
tion. Punch excision is replaced by sharp elliptical 
excision to avoid standing cone formation, when the 
defect is larger than 3 mm. Once healed, the resulting sur-
gical wounds can be incorporated into laser remodeling.

Punch grafting replaces the punch excision with a 
similarly sized graft, of better quality in principle, but is 
laborious and often results in suboptimal color and tex-
tural mismatch. Punch elevation is another less com-
monly practiced technique reserved for boxcar scars 
with sharp edges and normal bases. The punch biopsy 
tool is used to excise the scar and its walls down to fat. 
This is followed by careful tissue elevation for the  surface 
to sit slightly proud of surrounding skin to allow for 
subsequent retraction. The punched base is then secured. 
While both techniques are described in the literature, a 
clear advantage of either compared to punch excision 
and suturing, or our preferred techniques illustrated 
hereunder, is not immediately evident.

41.2.2.2  Subcutaneous Incision
Subcutaneous incision (subcision) frees dermis tethered 
by fibrous bands causing rolling scars. This technique 
employs a needle (ideally tribevelled) by severing adherent 
bands in a subcutaneous plane. Given adequate infiltra-
tion with adrenaline-containing local anesthetic, risk of 
hematoma formation is minimized. The technique does, 
however, run the risk of subcutaneous nodule formation.

       . Table 41.1 Post-acne scars, qualitative global grading 
system (Goodman and Baron) [6]

Grade Disease 
level

Features and tests

I Macular These scars are erythematous, hyper- or 
hypopigmented macules
They do not represent a problem of 
contour but that of  color

II Mild Mild atrophic or hypertrophic scars 
that may not be obvious at social 
distances of  0.5 m 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  0.5 m or greater and is not 
covered easily by makeup or the 
normal shadow of  shaved beard hair 
in men or body hair if  extrafacial. Can 
be flattened by manual stretching of 
the skin (if  atrophic)

IV Severe Severe atrophic or hypertrophic 
scarring that is evident at social 
distances greater than 0.5 m and is not 
covered easily by makeup or the normal 
shadow of  shaved beard hair in men or 
body hair if  extrafacial. Cannot be 
flattened by manual stretching of  the 
skin
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41.2.3  Volume-Imparting Techniques

41.2.3.1  Filling Techniques
Both autologous (lipotransfer) and alloplast (nonani-
mal, cross-linked hyaluronic acid, NAHA) have been 
described to improve the volume underneath atrophic 
scars. The technique mandates prior release of the teth-
ered scarring, without which the defect may be exagger-
ated due to volumization surrounding a tethered defect. 
Additionally, the technique is prone to the same compli-
cations of the volumizing agent. There is some evidence 
that dermal fillers can be used to impart volume which 
can be useful for soft boxcar or rolling scars [8]. While 
this produces some improvement of the dermal volume 
to counter the atrophic nature of the scar itself, the 
results are dependent on the nature of the dermal filler. 
Injections of cross-linked hyaluronic acid stimulate col-
lagen formation by dermal fibroblasts and ameliorate 
skin quality [9]. Several studies claim advantages of dif-
ferent fillers, and this is extensively discussed elsewhere 
[10]. However, the emerging consensus is that dermal 
fillers offer very little on their own in the management of 
atrophic acne scars and work best as combination ther-
apy. Traditionally, fillers care combined with prior sub-
cision [8]. The combination of dermal fillers with 
high-pressure blast-effect devices is discussed further in 
this section as part of our current regime.

41.2.3.2  Dermal and Fat Autografting
Two less common techniques used for correcting volume 
deficit in atrophic acne scarring are dermal grafting and 
fat autografting. They are included for completeness, as 
the practitioner may occasionally encounter patients 
having been on the receiving end of this technique. In 
dermal grafting, harvested dermis is processed and 
implanted into recipient areas. This traditional tech-
nique’s limitations are that it is limited to atrophic scars 
at least 4 mm in diameter; necessitates pocket dissection 
for insetting the graft, which may simultaneously mean 
subcision; multiple incisions; and inclusion of epidermis 
may lead to inclusions and dermal cysts.

Lipotransfer involves harvesting, processing, and 
insetting adipose tissue, which then will be needed to 
survive by developing a blood supply from surrounding 
tissues. Evidence regarding its use in atrophic acne scar-
ring is controversial. A combination of fat grafting and 
condensed nanofat has been successfully used to treat 
atrophic scars [11]. Other studies claim that this tech-
nique may improve atrophic acne scars and texture [12]. 
Azzam et al. claim that fat grafting proved to be more 
effective in the treatment of acne scars than ablative 
fractional CO2 laser treatment. However, it should be 
pointed out that this study’s methodology suffered from 
limited validity. Follow-up was limited to 3 months after 

a single lesion of fractional CO2 laser therapy. Relatively 
low energies were used as well as a limited number of 
treatments. Currently, there is no evidence on the long- 
term success of this modality in the management of 
atrophic acne scarring [10].

41.2.4  Isotretinoin Treatment

Exposure to isotretinoic acid within 6 months was often 
cited a contraindication to treatment with a second 
modality [13], although more recently this view has been 
challenged. Historically, a few case series reported 
adverse events (development of keloids and hypertro-
phic scars, delayed healing) when patients recently com-
pleting isotretinoin treatment received dermabrasion 
and laser. “Spontaneous” keloids were also described in 
patients on isotretinoin. More recently, literature 
describes successful treatment of atrophic acne scarring, 
including fractional laser and dermabrasion; chemical 
peels in patients on isotretinoin challenge the traditional 
view of withholding treatment for 6–12 months. Rather, 
these adverse events result from individual variations in 
immunologic and inflammatory pathways. Early treat-
ment of acne scars is critical for improved quality of life. 
The risk/benefit implications of treating the patient early 
need to be considered in the light of informed consent.

41.2.5  State-of-the-Art and Combinatorial 
Approaches

Most of the studies published today attempt to perform 
head-to-head comparison between different treatment 
modalities, in the attempt to identify the better option. 
This is understandable from a cost–benefit perspective 
due to the prohibitive outlay of some therapeutic modal-
ities (. Fig. 41.1).

Here we concentrate on combinatorial approach 
(. Table 41.2) for the more taxing Goodman type 3–4 
acne scars. There is a clear trend in the literature that 
favors combination treatments, and trends are now 
starting to emerge about useful synergies especially for 
the more severe acne types [2, 14].

41.2.5.1  Fractional Radiofrequency (FRF)
Fractional radiofrequency (FRF) transmits bipolar cur-
rents through contact electrodes or paired microneedles. 
This results in controlled, loco-temporal thermal dermal 
injury, inducing a wound-healing response. Clinically, 
this results in improved texture, tightening, and some 
improvement of skin clarity. There is consensus in the 
literature that three to six treatments provide optimal 
effects, ranging from 25% to 75% improvement and 
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patient satisfaction. Radiofrequency with microneedles 
(RFM) delivers energy through microneedles (both 
insulated/non-insulated). The initial, mechanically 
induced microneedle wound-healing response [15] is fol-
lowed by controlled thermal energy, up to 3.5 mm deep. 
This results in focal epidermal ablation, and controlled 
thermal damage to dermis, and, consequently, neocol-
lagenesis, neoelastogenesis, and ground substance depo-
sition [16]. Clinically, this results in textural amelioration, 
dermal density, and scar grading, whereas transepider-
mal water loss and sebum measurements did not change 
[17]. Some hybrid devices achieve this with a mixture of 
RF and galvanic energy. Transient posttreatment effects 
include pain, redness, mild swelling, and some crusting 
for up to 5 days. Track marks (<6%) and post- 
inflammatory hyperpigmentation (<3%) have been 
reported. Lesions arising from ice-pick and hypopig-
mented acne scars do not respond optimally to this 
treatment modality from a revolumization perspective, 
but there may be benefit from resulting skin tightening. 
Due to the risk of cross-infecting unaffected areas, RFM 
is contraindicated in patients with any areas of active 
acne.

Pre- and post-therapeutic regimes are integral to a 
positive outcome. Makeup removal, and adequate dry-
ing of the skin, is essential to avoid short-circuiting and 
epidermal injury. In contrast to other authors [18], we 
have achieved acceptability with topical anesthesia only 

(lignocaine/tetracaine cream 70  mg/g). The patient is 
advised a rigorous regime of UV protection (≥50%) and 
emollients to accelerate healing and decrease the risk of 
PIH.

41.2.5.2  High-Pressure Dermal Filler 
Deposition

More recently, low-viscosity NAHA dermal fillers have 
been employed to replenish volume loss associated to 
volume loss. Early studies were performed using micro-
droplet applicators [19]. Even though these limited stud-
ies did report a beneficial effect, with recent improvements 
in high pressure, needle-less transdermal delivery sys-
tems have allowed the development of high-pressure 
transdermal hyaluronic acid delivery. The latter leads to 
a controlled “blast effect,” releasing tethered scars while 
improving delivery of the NAHA to a controlled surface 
area and depth. The combined physicochemical blast 
deposition effect is purported to be synergistic and pro-
motes sustained neocollagenesis [19]. Limited level 4 evi-
dence does not allow pooling of data, but consistent 
beneficial effects have been reported on difficult-to-treat 
anatomical areas and skin types. Patel et al. used jet vol-
umetric remodeling (JVR) technology to deliver cross- 
linked hyaluronic acid, using 40–45% pressure vs. levels 
4–5 filling, and demonstrated a beneficial effect on ice- 
pick and boxcar scars. Although level 4 evidence is based 
on small case series, remarkable results are reported, on 

       . Fig. 41.1 Morphological clas-
sification of post-acne scarring [13]

       . Table 41.2 Proposed combinatorial approach and treatment schedule for treatment of  atrophic acne scarring

Treatment Effect Repeats Typical interval duration Typical side effect duration

Bipolar radiofrequency Regeneration 5 45–60 days 5–7 days

Hyaluronic acid/high 
pressure

Dermal revolumization 3 45–60 days 1–2 days

Fractional CO2 Resurfacing/tightening 1/2 9–12 months 5–7 days

Schedule, temporal interval, and side effect duration are based on expert experience, using calibrated and maintained technology. 
Equipment settings vary between different manufacturers and versions

Specific Attention Areas in Scar Management: Management of Atrophic Scars
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a cohort of patients which are difficult to manage tech-
nically. Benefits include shortened procedure times and 
minimal downtime for a sustained improvement in the 
Goodman score. Murine model histological evidence 
supports the notion that the pneumatic injection of 
NAHA induces neocollagenesis and dermal thickening 
[20] (. Table 41.3).

41.2.5.3  Laser
Laser now enjoys a solid evidence base in acne treat-
ment. Traditional ablative laser therapy involved whole-
sale, partial thickness ablation of diseased dermis. While 
this produced impressive results, it was associated with 
significant and prolonged side effects. In our practice 
this has been entirely overtaken by ablative fractional 
laser (AFL). Several ablative and non-ablative lasers 
have been described for the treatment of acne and which 
are well-described elsewhere [10].

In fractional laser, the laser beam is split into multi-
ple hundred columns, which create noncontiguous zones 
of thermal injury. These microthermal zones result in 
noncontiguous columns of epidermal and dermal abla-
tion, resulting in epidermal regeneration and neocolla-
genesis. There is consensus in the literature that repeat 
treatment is necessary, when offered in monotherapy, 
but this may not always be the case when offered as part 
of a regime intended to address the separate aspects of 
atrophic acne scarring pathology. Fractional carbon 
dioxide laser addresses both scar elevation and recon-
touring (. Fig. 41.2).

The skin stretch test of Goodman et  al. [6] 
(. Table 41.1) is a good indicator with which to assess 
the amenability of scars for laser. Scars not correcting 
with a simple stretch test indicates that it will likely not 
correct with laser therapy but may require prior treat-
ment with either punch excision or high-pressure injec-
tion of hyaluronic acid or, in select cases, subcision.

In a first pass, a narrow size scanning pattern is tar-
geted at the scar base, with the aim of achieving lift 
(Deep Fx). The second pass targets the edges of sharp- 
edged scar (such as boxcar scars), contouring it to a 
smoother scar edge (Deep Fx). In the third pass, active 

FX is performed to feather out the troughs and crests of 
the scars. This is typically done at a fixed distance from 
the skin using a spacer. However, the authors prefer to 
use a “spray painting” technique, by holding the hand-
piece still further away from the skin, on increased den-
sity, resulting in a more efficient and effective resurfacing 
(. Table 41.4).

Using this technique, substantial improvement has 
been demonstrated histologically, and efficacy has been 
maintained for up to 3 years. The results appear to be 
more significant when compared to non-ablative modal-
ities, albeit at the cost of increased downtime. It is 
important to advise patients appropriately regarding the 
importance of pre- and posttreatment regimes 
(. Table 41.5).

Non-ablative laser can also be useful in the correc-
tion of acne scarring. This modality trades off  minimal 
downtime, against slower, lower degrees of improve-
ment, compared to ablative laser. Particularly useful is 
Erbium glass (1565 nm) fractioned laser which may be 
used to refine dermal texture and contour. In shallow 
atrophic depressions requiring low energy for adequate 
penetration, high density may stimulate neocollagenesis, 
while the corollary settings on elevations may induce 
flattening.

Picosecond laser may also be used to the same effect 
with some distinct advantages. Hyperpigmentation may 
be effectively treated on collimated beam settings, with 
the picosecond duration resulting in light-reduced 
inflammatory response. In fractionated mode, picosec-
ond laser results in light-induced optical breakdown 
(LIOB) which stimulates gentle neocollagenesis.

41.3  Striae Albae

Lineae albae present another difficult challenge, espe-
cially in darker-skinned individuals. Myriad treatments 
have been described, none entirely satisfactory. Several 
eponymous terms are used interchangeably, but we  prefer 
the one proposed by Nardelli’s “striae atrophicae,” as it 
embodies the current histopathologic understanding [23]. 

       . Table 41.3 Evidence summary for JVR on the face and neck, since 2011, in the literature (English language)

Ref. Technique Reported 
improvement – reduction 
in Goodman score (%)

Mean age 
(years)

Follow-up 
(months)

Area Skin types 
(Fitzpatrick)

Areas 
(n)

[21] JVR/Histo/SP 50 54.7 6 Neck Korean (II–V) 12

[22] JVR/SP 27.6 (face)/21.2 (neck) 53.2 3–18 Face/neck I–IV 34

SP standard photography, JVR jet volumetric remodeling, Histo histological analysis. Search String “Pneumatic AND Hyaluronic”/
limits: English, human since 2010
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Compared to adjacent unaffected skin, striae albae pres-
ent histologic evidence of attenuated dermal papillae, 
with the latter nearly entirely substituted with collagen 
fibers running parallel to the skin.

Trofolastin demonstrates level 2 evidence of positive 
results for their prophylactic use in SD [24]. Tehranchinia 
et al. [25] observed some degree of improvement in 80% 
of patients after two treatment sessions within a 4-week 
interval. However, 76.7% of patients remained dissatis-
fied. The authors concluded that this modality resulted 
in minimal improvement with mild side effects. It also is 
apparent that Trofolastin’s mode of action is related to 
the deposition of hyaluronic activity [26]. Additionally, it 
is well established that fractional laser treatments induce 
long-term clinical and histological improvement of 
mature atrophic scars [26], including increased architec-
tural reorganization toward normalization, such as col-
lagen structure (from thick surface paralleled hyalinized 
bundles to uniform dense interwoven fibers with higher 
vascularization), and decreased inflammation. Unlike 
Taudorf et al., we do not perform stack pulsing. First as 
unless there is complete immobility, true stacking is 

a b

       . Fig. 41.2 Figure 1a repesents the face before fractional CO2 procedure and b is the patient 6 months later

       . Table 41.4 Suggested typical settings for post-acne AFL protocol

Cycle size Pulses Density (%) Pattern cycle (Hz) Energy (mJ) Aim

1 DFX 2 1 5–10 300 15–20 Base of  scar

2 AFX 2 1 9 350 40–60 Flange out Boxcar scars, 
Handpiece at 45°

3 DFX 1 15 300 17.5 Tighten surrounda

4 AFX 1 3 125 100– Re surface full face

DFX Deep Fx™, AFX Active FX™
aFor severe scarring (optional)

       . Table 41.5 Suggested pre- and posttreatment considerations

Phase Advice

Pretreatment

All patients Back to “normal shade” with 
complete loss of  holiday tan

SPF 50+ (every 2 h)

Fitzpatrick 3–6 Initiate Kligman regime from 8 weeks 
pretreatment, stop 2 weeks pre Rx

tretinoin (0.02%); hydroquinone (4%); 
vitamin c (3%); hydrocortisone (1%)a

Posttreatment

All patients Emollients plus SPF 50+ (every 2 h)

Antivirals PO

Consider antimicrobials as per local 
protocols (antifungals, antibiotics)

aWith particular attention to an airtight container, avoid 
mucosal, periocular, and perioral areas, and avoid pooling in 
nasolabial sulcus
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impossible to achieve and, secondly, because stacking 
does increase risk of excessive thermal damage.

Clinical evidence supports the use of JVR with 
NAHA promoting sustained neocollagenesis and 
increased dermal depth, while the blast effect untethers 
the underlying scarring of lineae alba [27]. The combi-
nation of JVR to non-ablative fractional laser gives, in 
our opinion, a substantial improvement over both tech-
niques used alone. NAFL then provides an effective tool 
to address dermal recontouring, by stimulating collagen 
synthesis in troughs and the opposite effect in surround-
ing areas. While effects of individual treatments appear 
to be long-lasting, we have also observed that one-off  
treatments are rarely as effective as repeated cycles 
spaced 6–8 weeks apart.

41.4  Burn Atrophic Scars

Great strides have been registered in acute burn manage-
ment, resulting in increased burn survival, even with 
major and previously unsurvivable burns. As a result 
patients are presenting with increased requirements relat-
ing to morbidity and quality of life, arising both from the 
mechanism of injury and subsequent interventions 
required to safe life and limb. Atrophic burn scars form 
an important minority of burn scars. Often interspersed 
with hypertrophic counterparts, they result in wound 
instability and breakdown and contribute to poor cos-
metic outcomes. The postoperative course of a burn scar 
is summarized symptomatically in . Table 41.6.

A plethora of lasers have been described in the treat-
ment of atrophic scars (. Table 41.7), both non-abla-
tive and ablative with an approximate cutoff  of 200 nm. 
Fractional ablation, first described by Mannstein [28], 
produces arrays of microscopic thermal damage zones 
(MTZs) throughout the epidermis and dermis, affecting 
only a part of the surface area, with consequent remod-
eling and neocollagenesis for up to 6 months after treat-
ment with permanent results [29]. Less energy is required 
to achieve the desired depth (≤2 mm) of penetration in 
atrophic or flat scars, allowing higher fractionated densi-
ties to be used, depending on the device, (≤10%).

Non-ablative fractional resurfacing (NAFR), in 
 contrast, leaves the epidermis intact (ad dermis) whilst 
forming MTZs. A focused dermal injury instigates der-
mal remodeling and neocollagenesis [28]. The result is a 
bloodless cylindrical coagulation area within dermis. 
The clinical advantage is lower risk of infection and pig-
ment alteration, as the epidermis is intact.

Post-procedure discomfort after AFR is surpris-
ingly limited. Patients generally return to normal activ-
ity within 1 day, but downtime may be up to 7 days and 
requires several topical applications which may inter-
fere with clothing and social activity. In contrast, 

NAFR requires far less downtime, dyschromia, PIH, 
with lower analgesia requirements, at the expense of 
more treatment sessions being required. In consider-
ation of  these reasons, for flat or atrophic scars, there is 

       . Table 41.6 Therapeutic burn phases

Phase Typical procedures Aim

Immediate Tracheostomy, 
escharotomy

Life/limb saving

Early Burn wound 
excision and 
grafting

Excise dead tissue
Reduce evaporative 
loss

Intermediate Periorbital, 
perioral, address 
functional gain

Protect special 
senses
Improve ROM 
deficit arising due 
to increasing 
mobility

Late Incisional/
excisional release

Address functional 
deficit
Improve range of 
movement
Address pain, 
pruritus

       . Table 41.7 Wavelengths described from atrophic burn scars

Wavelength 
(nm)

Lasing 
medium

Modality Effect

10,600 CO2 Fractioned Lower (×10) 
water affinity, 
more 
coagulation, 
less bleeding, 
favorable to 
LADD

2790 Er, 
Cr-YSGG

Fractioned More water 
affinity, 
narrower rim 
of  thermal 
coagulation 
around 
MTZs

2940 Er: YAG Fractioned

1540,1550,1565 Er: Glass Fractionated For scars 
with a 
thickness 
lower than 
2 mm

CO2 carbon dioxide, Er YAG erbium-doped yttrium alumi-
num garnet, Er,Cr-YSGG erbium, chromium-doped yttrium 
scandium-gallium-garnet, LADD laser-assisted drug delivery
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emerging consensus in the literature that NAFR is the 
treatment of  choice [30]. We also suspect that such wide 
variety of  data exists in part from the prohibitive cost 
of  each technology. Having access to the entire range of 
technologies in our center, we favor the use of  NAFR 
Er:YAG to raise the base of  atrophic scars on higher-
density settings.

While the optimal timing of fractional laser therapy 
is not yet determined, current trends in the literature 
over the past 5 years favor earlier intervention. Scars of 
any age can be considered for fractional resurfacing. In 
practice, the contrast between postoperative regimes 
required by laser and complex burn surgery poses prac-
tical limits on how early a laser intervention may be suc-
cessfully offered. Notwithstanding, younger scars are 
more susceptible to remodeling, and some studies now 
suggest that the ideal timeframe may be as early as 
4–12 weeks post-injury, repeated every 1–2 months until 
response plateaus or the therapeutic aims are attained 
and may help in scar remodeling, reduce contracture 
rates, and expedite rehabilitation [31].

Vascular Laser Lasers targeting abnormal scar prolifera-
tion have the potential to improve scar characteristics. A 
number of wavelengths are often used for this purpose, 
including millisecond range potassium titanyl phosphate 
(KTP) 532  nm, pulse dye laser (PDL) 595  nm, and 
neodymium:yttrium aluminum garnet (Nd:YAG) 
1064 nm. Although the primary target of PDL is hemo-
globin, its mechanism of action is not fully understood. 
After multiple treatments, PDL results in some softening, 
flattening, and smoothening [32]. However, melanin acts 
as a potential competitor; therefore, conservative settings 
need to be used in darker individuals.

Fractioned picosecond modality laser has the poten-
tial to produce light-induced optical breakdown, limited 
to the dermis, which may stimulate dermal inflamma-
tion, remodeling, and neocollagenesis. There is still 
some controversy regarding the timing of appearance 
and significance of microscopic epidermal necrotic 
debris (MEND). In one such study, this phenomenon 
was noted as early as 3 h (post-pico-532 nm) and within 
24 h (both 532 and 1064 nm wavelengths) [6].

Burn reconstruction really starts in the immediate 
postburn period with adequate first aid therapy that 
limits the zone of stasis and hyperemia and careful, 
multimodality management including judicious debride-
ment and maximal attention to dermal sparing. 
Fractional laser resurfacing for atrophic wounds is an 
integral part of this armamentarium. Additionally, our 
recent experience suggests that JVR (NAHA) is a useful 
adjunct in achieving revolumization of selected atrophic 
burn wound reconstructions. In particular, resurfacing 
with split thickness skin grafts often leads to a honey-
combed appearance, reduced elasticity, and a feeling of 

tightness, due to the minimal dermal component of a 
split- thickness skin graft. Our early experience with this 
technology has produced excellent results when used in 
tandem with fractional laser, where we have observed 
synergistic dermal “re-plumping” and substantial 
improvement of skin texture.

41.5  Conclusion

Atrophic scars present a significant challenge to the 
reconstructive specialist, with acne, linea albae, and 
burns being topics worthy of special consideration. 
Optimal treatment is not based on superiority of one 
particular treatment over another but rather by the spe-
cialist’s ability to precisely identify the component parts 
of the presenting complaint and bringing his entire 
armamentarium to bear. We believe, based on experi-
ence and balance of current evidence, that combined, 
repeat treatment produces the best results and that these 
must be carefully balanced against the relative costs: 
physical, social, and economic, in consideration of each 
patient’s individual needs.

Take Home Messages

 5 Atrophic scarring is the final common pathway 
resulting from reduced matrix regeneration and 
focally reduced collagen production.

 5 Addressing patient concerns, expectations, and 
attitude to risk/benefit is key.

 5 Techniques may be considered according to their 
principal mode of action: resurfacing and 
tightening, dermal lifting techniques, and dermal 
volumization techniques.

 5 Acne scars affect physical, psychological, and 
social well-being. Involvement of multiprofessional 
advice is important.

 5 In appropriately selected patients, combined 
RFM- JVR- AFL treatment, tailored to individual 
needs, is more likely to produce appropriate results.

 5 Repeat treatment is likely to be needed.
 5 Color laser may lead to substantial improvement 

in dyschromias.
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