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ABSTRACT
Background: Reduction mammoplasty can be successful but surgical scars may continue to be a most
undesirable and unavoidable outcome. Various medical and non-invasive methods are available to minim-
ize scar formation but as yet no methods have been discovered to eliminate them. We hypothesize that
immediate fat and nanofat-enriched fat graft transfer may improve the scar quality and optimize results.
Materials and methods: This prospective study comprised 45 superomedial pedicle wise-pattern breast
reduction patients divided into three groups of 15 in a randomized fashion. The control group had no
additional injections whereas the other two groups received injections of fat and nanofat-enriched fat
grafts immediately under their surgery scars, respectively. Surgical scar formation was evaluated at six
months and scars were scored using the Vancouver scar scale and a visual analogue scale.
Results: Fat and nanofat-enriched fat graft-injected groups scored significantly better on all items of the
Vancouver scar scale, except for scar height, compared to the control group (p< 0.05). Visual analogue
scores were significantly lower in the fat and nanofat-enriched fat graft-injected groups compared to the
control group (p< 0.05).
Conclusions: In breast reduction patients, simultaneous fat and nanofat-enriched fat grafting appears to
be a safe and promising strategy for scar management.
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Introduction

Reduction mammoplasty is one of the most frequently performed
operations worldwide. Wise-pattern skin reduction, in particular, is
the commonly preferred technique for breast reduction as it can
be applied to all varieties and sizes of breast [1]. However, a
lengthy but poor-quality scar along the inframammary fold (IMF)
is a major cause of dissatisfaction with this technique [2,3].

A scar is a sign of tissue repair that develops after surgery,
injury, burns and cuts. Although scar formation is crucial for heal-
ing, it poses a major problem for patients due to the cellular and
mechanical nature of the scar, creating cosmetic, psychological
and functional limitations [4]. Thus, numerous measures have
been reported, such as laser treatment, silicone sheets, topical
creams and intralesional application of medical agents, to improve
scar quality and decrease potentially related symptoms [5–9]. In
recent decades, fat grafting has gained popularity for scar modu-
lation. Previous studies have shown that fat grafting improves
scar quality and provides good cosmetic results in patients with
various scars developed due to trauma, surgery and burns
[10–12]. This improvement may be attributed to adipose-derived
stem cells (ADSCs) releasing several factors beneficial for wound
healing and regeneration [13–15].

The purpose of this study is to analyze and compare the
effects of an immediate fat graft and a nanofat-enriched fat graft
(fatn graft) in wise-pattern breast reduction patients. In light of
previous studies, we have postulated that the introduction of fat

and fatn grafts will improve scar quality and provide patient satis-
faction owing to the actions of ADSCs.

Materials and methods

We performed a single-center prospective study to evaluate the
effects of fat graft and fatn graft injection immediately under sur-
gery scars in patients who underwent superomedial pedicle
breast reduction with wise-pattern skin excision in our clinic in
the period from January 2018 to January 2019. The study protocol
was approved by the ethics committee at our institution (No.
2018/445) and written informed consent was obtained from all
patients. Patients aged 18–55 years, with no additional disease
and no smoking history, were included in the study. Three groups
were formed in a randomized manner, each group comprising 15
patients. No additional treatment was applied to the surgical inci-
sions in the first group (control group), whereas fat grafts were
injected immediately under the surgical incisions in the second
group (fat graft group) and nanofat-enriched fat graft in the third
group (fatn graft group).

Scars were evaluated and scored using the Vancouver scar
scale (VSS) by three independent blinded reviewers at the postop-
erative six-month follow-up (Table 1). Scar evaluation was per-
formed on a 4-cm portion of IMF scars at the T-junction to
standardize scar comparison between groups (Figure 1).
Furthermore, patients were asked to evaluate their scars on a vis-
ual analogue scale (VAS) by marking their evaluation results from
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1 to 10 (1, best results; 10, worst results) at the postoperative six-
month follow-up.

The normality of distribution of continuous variables was
tested by the Shapiro–Wilk test. Both Kruskal–Wallis and Dunn
multiple comparison tests were used to compare three independ-
ent groups for non-normal data. The Mann–Whitney U test was
used to analyze two independent samples. Statistical analysis was
performed using SPSS for Windows, Version 24.0 (SPSS Inc.,
Chicago, IL), and continuous variables are expressed as means
and standard deviations, as well as minimum and maximum val-
ues; p< 0.05 was considered to be statistically significant.

Surgical technique

Patients were operated on by one of two surgeons (C. A. K. and _I.
€O.). The pre-operative markings were made when the patients
were in the standing position. The new nipple position was cre-
ated at the IMF level, which was approximately 21 cm away from
the sternal notch. Then, markings were made according to an
inverted T-scar pattern. The vertical length of the T-scar, from the
nipple-areolar complex (NAC) to the IMF, was set to 6 cm in all
patients. Before the operation, a mixed solution of 0.5% lidocaine
and 1:200,000 epinephrine in lactated Ringer’s solution was infil-
trated along the incision line and in the area of estimated resec-
tion. In the fat and fatn groups, the fat grafts were harvested from
the lateral border of the breast before starting the resection.
Then, the pedicle was de-epithelialized and elevated from the
chest wall. The resection was conducted according to the

preoperative markings. The pedicle was rotated to the new loca-
tion by exercising care to ensure that no undue tension or kink-
ing was placed on the pedicle. The lateral and medial flaps were
brought together in a tension-free manner to prevent delayed
wound healing and the skin was closed in layers using 4/0 PDS
and 5/0 Monocryl (Ethicon, New Brunswick, NJ) sutures. After the
suturing procedure, fat and fatn grafts were injected under the
entire surgical incision line subcutaneously by using a 23-G can-
nula into the fat and fatn groups, respectively (0.5ml of fat or fatn

graft injected for a 2-cm scar) (Figure 2).

Obtaining the fat graft and fatn graft

In the fat and fatn groups, fat grafts were harvested from the lat-
eral border of the breasts by using a two-hole Coleman harvest-
ing cannula with a blunt tip. The harvesting cannula was attached
to a 10-ml syringe and the plunger of the syringe was pulled
back to create adequate negative pressure. After harvesting the
appropriate quantity of fat into the 10-ml syringe, the fat grafts
were transferred from the syringe to a blood collection tube.
Then, they were centrifuged at 3000 rpm (1200 g) for 3min in a
sterilized centrifuge rotor and spun to separate the tissue compo-
nents. The supernatant oil on the surface and the liquid portion
at the bottom were decanted and the middle layer (fat graft) was
aspirated using a 10-ml syringe. To obtain the nanofat graft,
emulsification of the fat (10ml) was achieved by shifting the fat
between two connected 10-ml syringes via a female-to-female
Luer-Lock connector. In this way, the microfat lipoaspirate was
processed into nanofat [16]. After 30 passes, the fat became liquid
and this was filtered over a sterile nylon cloth to remove the con-
nective tissue and collect the effluent (nanofat graft). Then, 1ml
of the nanofat graft was mixed with 9ml of the fat graft to obtain
the nanofat-enriched fat graft (fatn graft).

Evaluation of the fat graft and fatn graft

To show the difference between the fat graft and the fatn graft,
12 samples were collected from six patients to conduct cell count
and viability analyses. Fat graft and fatn graft samples of 4ml
each were collected from each patient. The collected samples
were submitted to the Genome and Stem Cell Laboratory of our
university in a transfer solution containing low-glucose Dulbecco’s
modified Eagle’s medium (DMEM) with penicillin–streptomycin,
and after collagenase type II digestion (2.5mg/ml, Cat No. 6885,
Sigma-Aldrich, Darmstadt, Germany) the viability percentages and
cell counts in the fat graft and fatn graft samples were deter-
mined using the Muse Cell Analyzer (Merck Millipore,
Kenilworth, NJ).

Table 1. The Vancouver scar scale.

Pigmentation

0: Normal
1: Hypopigmentation or hyperpigmentation not exceeding 5% of the whole
2: Hyperpigmentation ranging from 5% to 30% of the whole
3: Hyperpigmentation not< 30% of the whole

Vascularity Pliability Height
0: Normal 0: Normal 0: Normal
1: Red 1: Supple 1: Elevation of 0–1mm
2: Slightly dark red 2: Yielding 2: Elevation of 1–2mm
3: Dark red 3: Firm 3: Elevation of 2–4mm

4: Banding 4: Elevation of> 4mm
5: Contracture

Figure 1. Scar analysis was carried out on a 4-cm portion of inframammary fold
(IMF) scars at the T-junction.

Figure 2. Intraoperative injection of nanofat-enriched fat graft under the surgi-
cal scar.
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Results

All 45 patients included in the study were successfully followed-
up for 6 months. Apart from one patient in the control group
(who developed partial nipple necrosis), no complications were
observed in the study groups. General patient demographics, total
mass of breast reduction and scar scores on the VSS and VAS are
summarized in Table 2.

The mean age and body mass index (BMI) for the three groups
were: 35.3 years and 29.8 kg/m2 in the control group; 37.1 years
and 31 kg/m2 in fat graft group; and 37.4 years and 30 kg/m2 in
the fatn graft group. No statistical differences in age or BMI were
observed between the groups (p¼ 0.75).

The mean total weight of the resected mass for both breasts
was 1700 g in the control group, 1580 g in the fat graft group and
1620 g in the fatn graft group. No statistical differences were
observed between the groups (p¼ 0.65).

Except for scar height, all VSS scores in the fat and fatn groups
were significantly lowered compared to those of the control
group (Figure 3). When comparing the fat and fatn groups, pig-
mentation scores were significantly lower in the fatn group
(p¼ 0.005); however, there was no significant difference in vascu-
larization, pliability and height score between the fat and fatn

groups (p¼ 0.084, p¼ 0.988, and p¼ 0.980, respectively). The VAS
scores were significantly lower in the fat and fatn groups com-
pared to those in the control group (p¼ 0.001 for both groups)
but there was no statistical difference in VAS scores between the
fat and fatn groups (p¼ 0.060; see Figures 3 and 4).

Analytical evaluation of the fat graft and fatn graft samples
revealed no differences in cell viability between these two groups:
the mean viability of the cells was 89.4% in the fat graft samples
and 87.25% in the fatn graft samples. However, a statistically dif-
ferent and higher cell number was found in the fatn graft samples
(40.27� 106 ± 30.56 cells) compared to the fat graft samples
(17.93� 106 ± 14.93 cells; p¼ 0.03) (see Table 3 and Figure 5).

Discussion

Reduction mammoplasty is one of the most common operations
performed, not only for functional improvement but also to
achieve an aesthetically pleasant breast shape. Despite the evolu-
tion in surgical techniques for breast reduction and the emer-
gence of various methods over recent years, wise-pattern skin
excision using either the inferior or superomedial pedicle is still
the most frequently used technique. However, lengthy scar forma-
tion along the IMF is a major disadvantage of the wise-pattern
skin excision, especially if the scar quality is poor. Manahan et al.
reported that untoward scar formation accounts for half of the

common complications of breast reduction surgery [17].
Meshulam-Derozon et al. reported that 40% of his reduction
mammoplasty patients were dissatisfied with the appearance of
their scars [2]. Brown et al. reported that the most frequent cause
of dissatisfaction was the scar formation from the patient’s per-
spective [18]. The results here are compatible with the results of
previous studies, thus strengthening the results [3,19,20].

Scarring is an unavoidable component of wound healing.
Despite performing the surgical technique properly and with care
for the tissue, healing can end in an unpleasing appearance. Even
though great advances have been introduced in the surgical tech-
niques and adjunctive measures have been developed to
decrease scar formation [5,21–23], no treatment modalities have
yet been introduced in the medical literature to eliminate the risk
of untoward scar formation. In particular, in the wise-pattern skin
excision technique the T-junction may show delayed wound heal-
ing and undesirable scarring formation. In this regard, we reduced
the pedicle as much as possible and left the lateral and medial
pillars abundant to create minimal tension on the T-junction. We
think this is the most effective method to prevent delayed wound
healing complications in our patient series.

In contrast to the scar formation, regeneration is the other
side of the healing process, characterized by scarless tissue heal-
ing and restoration of the original architecture, organization and
function of the tissue. Regenerative healing is observed in the
wounds of fetal skin until mid-pregnancy [24,25]. This phenom-
enon appears to be intrinsic to the unique properties of structures
such as the fetal cells, extracellular matrix, cytokines and gene
expression [26], which are likely to be efficient particularly in the
inflammatory and proliferatory phases. Unlike wounds in adults,
fetal wounds have a lower macrophage count and they lack the
polymorphonuclear leukocytes in the inflammatory phase [27].
Other striking differences between fetal and adult tissue are
observed in fibroblast functions in the proliferative phase, includ-
ing migration, matrix production and differentiation [28,29].
Finally, growth factors and cytokine levels are highly variable
between the wounds of fetal and adult tissue [30–32].

The balance between scar formation and scarless healing
seems to be related to the modulation of cells and cytokines in
the first two phases of wound healing. In that respect, ADSCs
may play a key role in modulating scarring through their various
properties, including the amelioration of inflammation, the release
of growth factors and the capacity to differentiate into a variety
of cell types [21,33,34]. Clinical studies in the literature mostly util-
ize the adipose tissue to benefit from the aforementioned proper-
ties of ADSCs. Several studies in the literature have shown that fat
grafting provides a regenerative environment that improves scar
qualities and scar-related symptoms in patients with burns and
traumatic and surgical scars [35–37].

For scar management, immediate applications to cutaneous
wounds have been studied by various authors, notably the use of
some opioids and triamcinolone acetonide [38,39], the main
mechanism of action being to decrease macrophage density and
reduce myofibroblast and fibroblast activity. Although there have
been some promising results, delayed wound healing, irreversible
subcutaneous atrophy and hypopigmentation remain as major
disadvantages of these chemicals.

Immediate fat grafting for scar management is a relatively new
concept. Fat grafts contain adipocytes, preadipocytes, tissue mac-
rophages, fibroblasts, vascular smooth muscle cells, pericytes, lym-
phocytes and ADSCs. In this regard, the idea of immediate fat
grafting under the surgical incision is mainly to interfere with the
healing process via ADSCs located in the fat grafts. Balkin et al.

Table 2. Comparison of clinical data, total mass of breast reduction and
scar scores.

Control group
(n¼ 15)

Fat group
(n¼ 15)

Fatn group
(n¼ 15) p

Agea (years) 35.3 ± 10.5 37.1 ± 12.4 37.4 ± 11.2 0.75
BMIa (kg/m2) 29.8 ± 3.5 31 ± 3.8 30 ± 3.7 0.20
Total mass of reductiona (g) 1700 ± 285.5 1580 ± 235.6 1620 ± 255.4 0.65
VSSb

Pigmentation (0–3) 2 (1–3) 2 (1–2) 1 (0–2) 0.001�
Vascularity (0–3) 2 (1–3) 1 (0–2) 1 (0–2) 0.002�
Pliability (0–5) 3 (1–4) 1 (0–2) 1 (0–2) 0.001�
Height (0–4) 1 (0–1) 0 (0–1) 0 (0–1) 0.703

VASb (1–10) 6 (4–8) 4 (2–6) 3 (2–4) 0.001�
�Significant at p< 0.05; Kruskal–Wallis test.
aExpressed as mean ± standard deviation.
bExpressed as median (min–max).
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showed that immediate fat grafting in primary cleft lip patients
increased scar quality and minimized scar burden [40]. Similar results
have been reported by Zellner et al., who demonstrated that imme-
diate fat grafting in cleft lip patients improved scar quality [41].
Although these results are promising, some limitations exist in these
studies. For instance, study participants were selected from the pedi-
atric population, the scars were very short and no information was
provided on the cell count in the fat graft.

The term ‘nanofat’ was introduced by Tonnard et al. for the
first time in 2013 to describe a new method to prepare autolo-
gous fat grafts to utilize their proposed regenerative properties
[16]. It has been demonstrated that nanofat contains ADSCs but
no viable adipocytes. Thus, the main clinical application of nano-
fat is not for filling soft tissue defects but rather to stimulate tis-
sue regeneration and remodeling. For these purposes, nanofat
has been used for improving superficial rhytides, skin discolora-
tions and manifestations of photoaging [42–44].

In our study, we used immediate fat and fatn graft injections
for the management of breast reduction surgery scars. The fat
and fatn graft-injected groups scored significantly better on all
items of the VSS, except for scar height, compared to the control
group. Also, VAS scores were significantly lower in the fat and
fatn graft groups compared to the control group. Our results
showed that both fat and fatn grafts are effective at improving
scar quality and patient satisfaction. The potential mechanism of
fat grafting on scars is not clear but the action of ADSCs has
been suggested to be a major factor. ADSCs have the paracrine
ability to secrete immune-modulating and proangiogenic factors

such as VEGF, HGF, and TGF-b, which might explain their ability
to improve scar quality [45]. Further molecular studies are neces-
sary to gain better insight into the roles of associated factors.

The aim of mixing nanofat and fat grafts was to enrich the fat
graft with ADSCs, thus increasing the number of ADSCs per
injected volume of graft and obtaining adequate grafts to inject
the entire incision line. As we showed in the analytical compari-
son of fat and fatn graft samples, the fatn samples contained a
significantly higher number of cells without compromised viabil-
ity. Heterogeneous fat cell suspensions such as fatn/fat graft sam-
ples consist of a heterogeneous mesenchymal population of cells
that include not only adherent cell populations (ADSCs, fibro-
blasts) but also hematopoietic stem cells, monocyte/macrophages,
erythrocytes and lymphocytes [46]. The frequency of stromal pro-
genitors such as ADSCs ranges from 1% to 10% relative to the
total nucleated cell population [47]. According to our study
results, fatn graft samples contained a significantly higher number
of total nucleated cells and, directly, a higher amount of ADSCs.
These results are also consistent with the previous study by
Banyard et al. that they noted ADSCs constitute 3.11% ± 0.8% of
nanofat, which is approximately a 3-fold increase over that in
standard lipoaspirate [48].

However, when we look at the clinical results there was no sig-
nificant difference in VSS scores between the fat and fatn graft
groups, except for pigmentation. Beneficial effects of nanofat
injections on skin discoloration have been reported by Uyulmaz
[42] and Tonnard [43], but the effect of fatn grafts on pigmenta-
tion changes in fresh scars has been reported for the first time

Figure 3. Postoperative photographs (A–D) of patients in the control group six months after surgery.
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here, as far as we know. This phenomenon needs to be confirmed
by other studies.

Our study is the first to use immediate fat and fatn graft injec-
tions for scar management in adults. Although our results are
promising, there are some limitations: the short follow-up period
(6 months), small patient numbers in the groups and lack of

Figure 4. Postoperative photographs of patients in the fat graft group (A–D) and nanofat-enriched fat graft group (E–H) six months after surgery. There is no delayed
wound healing in any of the groups but note the improvement of cutaneous scars in the fat graft and nanofat-enriched fat graft groups.

Table 3. The mean total cell count and viability of fat graft and nanofat-
enriched fat graft (fatn graft) groups.

Fat graft (n¼ 6) Fatn graft (n¼ 6) �p Value

Cell count (/ml) (mean ± SD) 17.93� 106 ± 14.93 40.27� 106 ± 30.56 0.03
Viability (%) (mean ± SD) 89.4 ± 45.32 87.25 ± 44.80 0.41
�Mann–Whitney U test.
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molecular analysis results. In addition, a better study design
would have been to have a fat injection on one side and no injec-
tion on the other side of the same patient. However, for ethical
reasons this could not be done.

In summary, we believe that this study provides essential infor-
mation in terms of scar management after immediate fat and fatn

graft treatment. Only limited data on the clinical results are avail-
able at present, but in the future a larger prospective study
involving a control and fat graft groups containing different den-
sities and quantities of ADSCs, along with histopathological ana-
lysis, may help us to understand more.

Conclusion

In this study, we demonstrated that simultaneous fat and fatn

grafting under closed surgical incision conveys beneficial effects
on scars in breast reduction patients. Fat and fatn grafting may be
a safe alternative to the other wound intervention therapies and
without the unwanted side effects.
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