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Introduction: The increase in survival of large burn patients
during the acute phase has also increased the prevalence of
esthetic-functional scarring sequelae. With regard to the clinical
relevance of subcicatricial fat grafting, the actual changes after
the procedure need to be understood and microscopically
evaluated. Methods: Eight patients with alcohol burns, with
an average time after burn of 12 months (10-14 months), who
underwent subcicatricial fat grafting associated with rigotomy
were selected. Skin biopsies were performed in before and
14 weeks after operation. The following issues were assessed:
1) esthetic-functional improvement of the scar, by using the
Vancouver scar scale; 2) quantitative and qualitative analyses
of cicatricial collagen; 3) immunohistochemical analysis of
scar vascularization with anti-vascular endothelial growth
factor (anti-VEGF) antibody. Results: When comparing
the pre- and post-fat grafting period, a significant esthetic-
functional improvement and, microscopically, a redefinition
of the boundaries of the papillary and reticular dermis were
observed, as well as quantitative reduction and reorganization
of collagen, in addition to the decrease of the vascularization of
the tissue through immunohistochemical analysis. Conclusion:
The basic principle of the whole physiological healing process is
to reestablish local homeostasis, that is, excessively intensified
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® RESUMO

Introducao: O aumento da sobrevida na fase aguda do paciente
grande queimado faz também aumentar a prevaléncia das
sequelas cicatriciais estético-funcionais. Ao pensarmos na
relevancia clinica da lipoenxertia subcicatricial, necessita-se da
compreensio e avaliagdo microscépica das reais alteracoes apés
o procedimento. Métodos: Foram selecionados oito pacientes,
vitimas de queimadura por alcool, com tempo médio apds
queimadura de 12 meses (10-14 meses), sendo submetidos a
lipoenxertia subcicatricial associada a Rigottomy. Foram realizadas
bibpsias cutaneas no pré e pos-operatorio tardio com 14 semanas.
Avaliados os quesitos: 1 - Melhora estético funcional da cicatriz
pela escala de Vancouver; 2 - Andlise quantitativa e qualitativa
do colageno cicatricial; 3 - Analise imunohistoquimica da
vascularizagéo cicatricial com anti-fator de crescimento derivado
do endotélio vascular (antiVEGE). Resultados: Ao compararmos o
periodo pré e pés-lipoenxertia, pdde-se avaliar que houve melhora
estético-funcional significativa e, microscopicamente, redefini¢ao
entre os limites da derme papilar e reticular; reducio quantitativa e
reorganizacio do colageno, além do decréscimo da vascularizagao
tecidual pela anélise imunohistoquimica. Conclusao: O principio
bésico de todo processo cicatricial fisiol6gico é reestabelecer
a homeostasia local, ou seja, as etapas exageradamente
intensificadas levam a alteragées clinicas catastréficas. Ao realizar
a lipoenxertia subcicatricial associada a Rigotomia, foi verificada,
neste estudo, a melhora qualitativa e quantitativa do tecido. Sendo
assim, torna-se evidente o futuro promissor deste procedimento
para a complementacio terapéutica das patologias cicatriciais.

Descritores: Enxerto de pele; Cicatriz; Queimaduras; Cicatrizago;

Procedimentos cirdrgicos reconstrutivos.

INTRODUCTION

The increased survival of patients with extensive
burns in the acute phase has led to the increase in the
prevalence of scarring sequelae, which increasingly
encourages the development of new techniques and
procedures for the treatment of these burns.

The large esthetic-functional damage of such
sequelae is the result of the scarring disarray induced
by thermal trauma?, in which the disorderly stimulus of
the scarring stages produces catastrophic results such
as hypertrophic and keloid scars, which in most cases,
limit articular functioning.

Several studies have quantified the impact of
scars on the lives of individuals with burn sequelae by
using assessment scales, but the evidence for most of the
recommendations for scar therapy is limited®.

This is because the healing process is one of the
most complex processes of human metabolism, involving
a wide variety of cells and cytokines, in addition to being
influenced by external factors.

Carrel, in 1910 (apud Guyton?), classified this
process in three phases (inflammation, proliferation, and

remodeling), helping us to understand in a simplistic
way the healing routine, and this same order occurs
throughout the healing process regardless of the tissue
type or type of damage®. However, within the complex
factors that may affect the final result, the amount of
injured tissue and the severity of the injury are known to
be the main elements of the disorderly scarring?® present
in all burns.

Following the inflammatory response in the
healing process, the injured tissue initiates angiogenesis,
fibroplasia, and epithelialization, also as a defense against
the external environment. This phase is characterized by
the formation of granulation tissue composed of a newly
formed capillary bed, fibroblasts, macrophages, and an
arrangement of collagen, fibronectin, and hyaluronic
acid.

Several studies that used growth factors have
worked on the idea of modifying this phase of prolif-
eration, especially fibroplasia, which is responsible for
most pathological scars after burns?. However, little is
known about the factors that decrease the proliferative
scar response, that is, what clinically might be helpful in
reducing the incidence of scar contracture after burns®.
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Still considering the process of formation of
so-called pathological scars, the continuity of the
inflammatory process, such as in cases of burns, is
well known to maintain the stimulation of fibroblast
activation, thereby creating an environment sutured
in collagen, whose structural arrangement is different
from that presented in normal healing® which results
in large scar contractures.

Within this concept, two phenomena seem to
be crucial for the elucidation of the actual alterations
present in the contractures, namely the organization
of collagen fibers and the vascular cicatricial behavior,
which reflect the extended inflammatory response?.

Thus, considering ways to supply the scar tissue
with some factor that induces a remission or manages
local tissue reorganization, Rigotti’ proposed from clinical
observations that subcicatricial fat grafting improves the
macroscopic and functional quality of scars, generating
structural changes during the 14 initial weeks of the scar
remodeling process.

Studies that report procedures related to fat
grafting are constantly being published?®®. In this
case, the technique proposed by these authors’ draws
attention to the method of obtaining the fat to be grafted,
where non-physical aggression of adipocytes is the
rule. Liposuction is performed with 2-mm-thick 12-hole
cannulas, with a mean suction pressure of 250 mmHg,
followed by centrifugation at low speed (15g) for 3 minutes.
For grafting, the rigotomy technique is used, in which
several micropunctures are made with an 18-G needle
are held on the scar area to create a three-dimensional
lipofilling environment* (Figure 1).

Rigotomy

Perforations with
an 18-G needle
Sunyes3 ey
240joq Asdoig

Figure 1. A: Tissue after perforations with an 18-G needle; B: After subcicatricial
fat grafting; C: Aspect in vivo of rigotomy.

The theory that was proposed to improve the
structural quality of the scar is based on the presence
of products derived from stem cells?, but the concept

and real contribution of stem cells are still superficially
investigated issues.

OBJECTIVES

This study aimed to assess the functional,
microscopic, and immunohistochemical changes that
occur after subcicatricial fat grafting in burn sequelae
by comparing the preoperative and late postoperative
periods (14 weeks) in terms of the following:

1. Evaluation of the esthetic and functional
aspects of the scar by using the Vancouver
scar scale!?;

2. Quantitative and qualitative microscopic
analyses of scar collagen stained with
hematoxylin-eosin and picrosirius; and

3. Immunohistochemical analysis of scar
vascularization with anti-vascular endothelial
growth factor (anti-VEGF) antibody.

METHODS

After approval by the ethics research committee
(CAAE 33848214.9.0000.5430) and obtaining informed
consent, we randomly selected eight patients (four men
and four women), with a mean age of 35 years (range,
28-61 years), from the Scarring Sequelae Outpatient
Clinic of the Department of Plastic Surgery, Faculty
of Medicine of Catanduva, SE, Brazil. All the patients
had alcohol burns, with an average post-burn time of
12 months (range, 10-14 months), with axillary and/or
cervical scar contracture and joint dysfunction by skin
sequelae. The authors report no conflicts of interest.

All the patients underwent skin biopsy of the
lesion, followed by subcicatricial fat grafting associated
with rigotomy, as proposed by Rigotti” and described in
the following section. Then, 14 weeks after fat grafting,
they underwent another biopsy 2.5 cm from the previous
one but still on the scar (Figure 2).

Surgical technique (rigotomy)

Under general anesthesia, tissue was obtained
(super-wet technique) from the inferior abdomen,
through 2-mm-thick 12-hole liposuction cannulas, with
a mean suction pressure of 250 mmHg. The volume
obtained was in accordance with the surface to be
grafted. Moreover, as described by Khouri et al.’, the
entire volume was subjected to manual centrifugation
at low speed (15g) for 3 minutes, without manipulating
the tissue after centrifugation as recommended by
Coleman.

The scar area to be fat grafted was submitted to
micropunctures with an 18-G needle up to the hypodermic
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Figure 2. Standardization of cutaneous biopsies before and after fat grafting.

level, with an average distance of 5 mm between each
hole. With a 2-mm infiltration tube, retrograde and linear
distribution of the graft was performed under the scar
tissue. After the procedure, local micropore tapes were
used to stabilize the subcutaneous graft.

For comparative analysis, two groups were
created as follows: before and after fat grafting, with an
interval of 14 weeks. At each time point, all the patients
were evaluated for the following criteria:

1. Esthetic and functional assessment of the scar,
by using the Vancouver scar scale (Table 1),
in which the lower scores represent the best
quality scarring.

2. Quantitative and qualitative microscopic
analyses of scar collagen, in which all the
patients underwent spindle biopsy of the
scar up to the hypodermic level before and
14 weeks after fat grafting, with a maximum
distance between biopsy sites of 2.5 cm
(Figure 2).

The material was stained with hematoxylin-eosin
and picrosirius, and examined under a microscope, with
and without polarized light (Leica®), which allowed the
assessment of the organization of the collagen site. With
the use of the GraphPad Prism® software, collagen was

quantified based on the density and light spectrum, being
that under polarized light and staining with picrosirius,
normal collagen (organized) displays a yellow-greenish
color, while fibrotic tissue with disorganized collagen
stains red-orange.

3. Immunohistochemical analysis of the scar
vascularization, in which the same tissue used
in the previous evaluation was now marked
with anti-VEGF antibody and analyzed on
polarized light. The analysis of VEGF by using
the GraphPad Prism® software allowed the
quantification of tissue neovascularization
at the two time points. The whole process
of vascular induction by VEGF represents
some degree of local inflammation; that is,
the higher the index of neovascularization,
the greater the tissue inflammatory response!.

The t test and Wilcoxon test were used for the
statistical analysis.

RESULTS

The evaluation of the patients at the aforementioned
time points, with an interval of 14 weeks, showed
significant improvement in the tissue induced by fat
grafting. When using the Vancouver scar scale, the scores
were reduced in all the cases. In other words, the scars
showed esthetic and functional improvements after fat
grafting and rigotomy (Figure 3).

As for microscopic evaluation by using
hematoxylin-eosin (Figure 4) and picrosirius staining,
a structural improvement of the tissue subjected to fat
grafting was observed, both by the redefinition between
the papillary and reticular dermis and between the
reorganization and reduction (p < 0.05) of the cicatricial
collagen measured by interpretation of the light spectra
in the GraphPad Prism® software (Figure 5).

In terms of neovascularization, a reduction of the
process induced by VEGF was observed between the two
periods, with a reduction in tissue vascularization in the
fat grafted tissue (p < 0.05; Figure 6) when evaluated by
using immunohistochemistry in conjunction with the
GraphPad Prism® software.

Table 1. The Vancouver scar scale translated and adapted to Portuguese?.

Pigmentation Vascularity Pliability Height
0 - Normal 0 - Normal 0 — Normal 0 - Flat
1-Hypopigmentation 1 - Pink 1 - Supple (flexible with minimal resistance) 1-<2mm
2 - Hyperpigmentation 2 - Red 2 - Yielding (giving way to pressure) 2 - <5 mm
3 - Purple 3 - Firm (inflexible, not easily moved, and resistant to manual pressure) 3->5mm

4 - Banding (rope-like tissue with whitish coloration)

5 - Contracture (permanent shortening of scar producing deformity or distortion)
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Vancouver scar scale score before and after rigotomy
associated with subcicatricial fat grafting.
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Figure 3. Assessment of patients’ Vancouver scar scale scores and evidence of
esthetic-functional improvement of scars after fat grafting.

Figure 4. A: Before fat grafting; B: Before fat grafting with amplification of
the dermo-epidermal transition; C: After fat grafting; D: After fat grafting with
amplification of the dermo-epidermal transition.

DISCUSSION

The whole healing process is based on deposition
and remodeling of collagen fibers. Everything is initiated
by an inflammatory response that, in accordance with
the area of injury and the severity of the agent, can either
intensify these steps or not!.

Some scarring phenomena such as neovasculariza-
tion depend on the induction factors of the inflammatory
response, being more intense when the inflammation per-
sists or is initially very strong? Thus, scars with an intense
inflammatory phase, as in the case of burns, have a rich
neovascular network, constantly induced by VEGF (vas-
cular endothelial growth factor). One way of quantifying
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Figure 5. A: Before fat grafting; B: Before fat grafting under polarized light; C:
After fat grafting; D: After fat grafting under polarized light; E: Graph of collagen
quantification.
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Figure 6. A: Before fat grafting; B: Before fat grafting with amplification; C: After
fat grafting; D: After fat grafting with amplification; E: Control of reaction; F:
Graph of the concentration of VEGE.

VEGF: vascular endothelial growth factor.

the inflammatory status of scar tissue would be to assess
the degree of neovascularization.

In the case of pathological scars (outcome of
burns), the intense neovascularization of the tissue
as demonstrated in this study confirms the high
inflammatory potential of this tissue. The introduction
of fat cells and their residues in the scar interstitium
promoted a significant reduction of the inflammatory
response and, consequently, in the local pathological
vascularization (p < 0.05). The relationship between
neovascularization and the inflammatory process is
straightforward. It can be assumed that such a vascular
decrease after fat grafting is related to a reduction in the
local chronic inflammatory process.

As a consequence, one can also observe the
structural reorganization of scar tissue by the realignment
and reduction of collagen fibers, which translates
clinically in functional and macroscopic improvement
of the tissue, allowing freedom of articular motion that
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is previously restricted by the capsular contracture.
Furthermore, the reorganization induced by fat grafting
allowed a new delineation between the papillary dermis
and reticular dermis, which was previously lost.

With regard to the agentinducer of the reorganization
and inflammatory reduction present in this tissue, further
molecular and genetic studies need to be conducted.
However, the simple explanation of the presence of stem
cells in adipose tissue needs to be carefully evaluated. In
addition, some basic concepts about the subject should
be redefined in order to not underestimate other factors
of lesser complexity as responsible for the pathological
stimulus that triggers the large and dysfunctional scar
sequelae.

CONCLUSION

The basic principle of the whole scar healing process
is to restore local homeostasis, that is, reintensifying the
steps to induce clinical changes.

In the case of scar sequelae of burns, the develop-
ment of therapies for improvement or resolution of this
process provides patients with functional, psychological,
and economic gains as they reestablish their occupa-
tional activities.

With subcicatricial fat grafting, the qualitative and
quantitative improvements of scar tissue were proven
in this study, as one can microscopically evaluate the
reduction of the inflammatory process and the structural
reorganization of the scar by the distinction between
the papillary and reticular dermis, in addition to the
quantitative reduction of neovascularization and local
collagen deposit (p < 0.05).

Therefore, we can conclude that the process of
subcicatricial fat grafting associated with the rigotomy
technique! positively changes the microstructure of the
scar, presenting macroscopic and microscopic benefits.
Thus, it becomes evident that autologous fat grafting can
complement the treatment of scar pathologies.
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