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Abstract
Context: Breast lipofilling usually involves three different stages (harvesting, processing, and placement), and in each of these phases, 
adipocyte cells can be damaged. Our technique of fat placement is quite different from the others as we focus our attention on the last 
stage of fat graft procedure, which could explain the better results in graft survival. Aims: Our method is focused on eliminating any 
unnecessary manipulation of the graft so as to optimize graft retention and clinical outcomes: Controlled movement and slow rate of 
fat injection are the cornerstone of our technique and guarantee a nontraumatic fat transfer and a greater survival rate of adipocytes. 
Settings and Design: This was a retrospective cohort study. Materials and Methods: Of 120 patients (average age 41,5 years) affected by 
breast soft tissue defects, 60 were managed with the lipofilling procedure using fat graft injected by “Gentle technique.” To establish 
the effects of the injection’s procedure, we compared the results obtained in fat graft maintenance with a control group made up of 60 
patients, treated with fat graft injection according to Coleman procedure. Statistical Analysis Used: Values are expressed as mean plus 
standard error and analyzed using Student’s t test. Results: In patients treated with Gentle technique, we observed a 60.5% + 12.5% 
maintenance of contour restoring and three-dimensional volume after 1 year (P < 0.0001 vs. control group); we compared the results 
obtained with only 39% + 4.4% of the control group treated with fat graft injected according to Coleman. Conclusions: Controlled 26 
movement and slow rate of fat injection are the cornerstone of our technique and guarantee a nontraumatic fat transfer and a greater 
27 survival rate of adipocytes.
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IntroductIon
Since its original description in 1893 by Neuber that fat can 
be used to fill a depressed facial scar,[1] fat grafting has become 
very popular in the field of Plastic and Reconstructive 
Surgery.[2] Fat is in fact an ideal soft tissue filler as it is 
completely biocompatible, abundantly available, and easily 
harvested and processed, and therefore, it is widely used for 
treating cosmetic, traumatic, and reconstructive deficits in 
the face, abdomen, trunk, and thigh.[3-6] Despite the appeal 
of fat and its widespread adoption, many shadows remain 
around fat stability and graft survival: The amount of fat 
retention is far to be predictable and reliable considering 
that as much as 40–60% of fat graft could be lost.[7-12]

In 1993, Carpaneda and Ribeiro[13] reported a necrosis rate 
of 60% in 3.5 mm diameter cylindric fat grafts when observed 
2 months after transplantation. Necrosis involved especially 

the central zone whereas the viability of adipose cell was 
better in the periferic area. In 1994, they showed how graft 
viability was largely influenced by the technique of placement 
especially concerning thickness and geometric shape: Better 
results were obtained with fat deposits no thicker than 
3.0 mm and a viability of 40% could be reached.[14]

In the wake of these results in 1995, Coleman[15] published 
his experience with fat grafting using a technique that tried 
to find a compromise between the necessity of fulling a loss 
of substance and the attempt to guarantee fat viability in 
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the recipient bed. In line with Peer’s theory, he postulated 
that fat necrosis happened when the graft was placed in a 
manner that did not ensure nutrition and oxygen from 
surroundings. In addition, if the graft deposits dimension 
was too big, adipocyte cells compete with each other for 
survival. So he placed the graft in multiple tunnels in a single 
block to ensure a better contact with vascularized bed and 
within each tunnel, released it in small aliquot to increase 
the viability of central adipocyte cell and also to ameliorate 
fat particle integration and tactile feelings under the skin.

The Coleman technique of injecting small aliquot in 
multiple tunnels spread rapidly worldwide, but even if  it 
represented a landmark technique in breast lipofilling, in 
recent years, surgeons have developed their own methods 
for graft placement according to their “artistic” judgment 
and patient needs. In particular, the Coleman technique is 
based on very quick fat graft injection.

In this article, we present the “Gentle technique” for fat 
placement, an original method, based on a gentle and 
slow fat injection that we have perfected over the years 
to maximize graft retention.[16-19] Our fat reabsorption rate 
is significantly lower compared with the rate reported by 
other studies.[20-22] So to explain these findings, we focus 
on the technique for graft placement that we have named 
the “Gentle” technique to underline the importance of 
a nontraumatic procedure to maximize the integrity of 
grafted fat.

MaterIals and Methods

This is a retrospective review of 120 patients (average age 
41,5  years) who underwent breast remodelling with fat 
graft injection (January 2008–January 2018). The “Gentle 
technique,” based on a gentle and slow fat injection, was 
performed in 60 patients (21 patients affected by breast 
soft tissue defects, 13 patients affected by unilateral breast 
hypoplasia, 14 patients affected by outcomes of breast 
reconstruction, and 12 patients after prosthesis removal).

To establish the effects of this technique in terms of fat 
graft maintenance, we compared the results obtained with 
a control group made up of 60 patients (8 patients affected 
by unilateral breast hypoplasia, 20 patients affected by 
breast soft tissue defect, 20 patients affected by outcomes 

of breast reconstruction, and 12 patients after prosthesis 
removal) treated with fat graft injection according to 
Coleman procedure [Table 1].

Clinical evaluation of fat graft maintenance
Three methods for the evaluation of outcomes were 
used: (1) evaluation by surgeons; (2) magnetic resonance 
imaging (MRI), mammography, and ultrasound; and 
(3) patient self-evaluation.

Before and after each procedure, we performed a 
careful anamnesis and a clinical examination and 
took photographs to document improvement or the 
disappearance of defects. Before the first lipofilling 
session, mammography, ultrasound, and MRI were 
performed to rule out signs of tumor recurrence and to 
have an initial point of comparison to identify new lesions. 
In addition, in the more complex cases, such as the case 
with absence of pectoralis muscle and Poland syndrome, 
a high resolution computed-tomography scan with 
three-dimensional imaging was performed. Post-operative 
follow-up took place at 2, 7, 15, 21, and 36 weeks and then 
annually. Mean follow-up was 60 months.

MRI showed that transplanted fat tissue survived and formed 
a significantly thick fatty layer not only subcutaneously 
on and around the mammary glands but also between the 
mammary glands and the pectoralis muscles.

Exclusion criteria
The exclusion criteria were divided into two types: systemic 
and local. The systemic criteria included platelet disorders, 
thrombocytopenia, antiplatelet drugs, bone marrow 
aplasia, uncompensated diabetes, sepsis, and cancer. The 
local criteria included cancer loss of substance. We did 
not consider tobacco use or genetic disorders as exclusion 
criteria.

Surgical technique
The “Gentle technique”
Fat tissue was harvested from the abdominal region using 
some specific cannulas.

Fat tissue was centrifuged according to the Coleman 
techniques with modifications. In particular, the fat 
graft (80–340 ml) was harvested in a closed system 

Table 1: Patients data and fat graft assessment
Gentle technique Coleman technique

Number of patients, no° 60 60

Age at surgery, yr 41,5 (min 20, max 63) 41,5 (min 19, max 64)

Mean weight loss, kg 61,25 (min 22, max 91) 58,6 (min 22, max 91)

BMI at surgery, kg/m2 28 (min 22, max 34,16) 28 (min 22, max 34,16)

Maximum BMI, kg/m2 50,73 (min 41,77, max 63,29) 49,45 (41,77 max 63,29)

Fat maintenance percentage 60,5% + 12,5% at 1 yr 39% + 4.4% at 1 yr

Fat graft injected volume for each breast 50–150 ml (average, 93.54 ml) 50–150 ml (average, 93.54 ml)

Fat graft injected volume for each breast 187 ml (range, 110–250 ml) per patient. 187 ml (range, 110–250 ml) per patient

Fat graft harvested volume 80 mL–340 mL 80 mL–340 mL
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with 20 ml Luer-Lok syringes and collected in a bag, 
and was subjected to an automatic filtration (120  ìm 
filter). Maintaining asepsis, we collected to the bag 
10 ml Luer-Lok syringes and harvesting the filtered fat 
previous collected. We took the plungers off  the syringes; 
after closing them with a cap, we positioned them flat 
in the sterile centrifuge. The syringes were processed for 
3 min at 3,000 rpm according to the Coleman technique. 
The filtered and centrifuged body fat was put in 1 ml 
syringes and aseptically reinserted using the specific 
microcannulas for implanting.

Fat obtained was implanted in multiple tunnels with 
slow and controlled movements through different 
entrances: three in the inframammary fold [Figure 1D–F], 
two in supero and inferoexternal quadrant [Figure  1A 
and D], two in super and inferointernal quadrant 
[Figure  1B and E], and four periareolar [Figure  1C]. 
The inframammary ones are roughly located where 
the breast groove joins respectively the parasternal, the 

midclavicular, and the front axillary line [Figure 1D–F]: a 
1.5 mm cannula connected to a 5 ml syringe is pushed 
through the access deep to the suprafascial level, and the 
tunnel so created is drawn with a dermographic sterile pen 
or methylene blue to point out the site of injection. The 
fat was then released with a retrograde technique while 
withdrawing the cannula and placed along linear deposits 
in the suprafascial, retroglandular e intraglandular space. 
The operation was repeated with other four syringes 
turning the injection directional axis of 10°–15° medially 
to have five tunnels arranged radially around the skin 
access [Figure 1D–F].

Other tunnels were created in the spaces between the 
beams previously drawn so that the fat was homogeneously 
distributed [Video]. The whole procedure was repeated for 
each inframammary access. We usually spend ten 5 ml 
syringes for every inframammary hole (about 50 cc of fat) 
and so a total of thirty 5 ml syringes (about 150 cc of fat) 
per side.

Figure 1: Gentle technique of fat injection. (A) Point of cannula access in superoexternal quadrant located at 292.5° of the breast. (B) Point of cannula 
access in superointernal quadrant located at 67.5° of the breast. (C) Point of cannula access located at 45°–135° and 225°–315° on the areolar 
circumference. (D) Point of cannula access in inferoexternal quadrant located at 247.15° of the breast. (E) Point of cannula access in inferointernal 
quadrant located at 112.5° of the breast. (F) Three-dimensional painting of fat injection into the breast through three inframammary fold access 
located at 135°, 180°, and 225° of the breast
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Then the graft was injected through periareolar entrances 
located at 45°–135° and 225°–315° on the areolar 
circumference. If  required, we place an additional third 
access at 12 o’clock. The fat was injected using 1–2 cc 
syringes through three or four tunnels arranged radially 
around the skin access and released with a retrograde 
technique while withdrawing the cannula along linear 
deposits within and over the mammary gland. We 
generally use an inferior number of tunnel for these access 
then the number we used for the inframammary ones 
because this graft is not used to fully the breast but just to 
refine breast contour and skin irregularities. The quantity 
of fat injected through these accesses is about 50–70 cc, 
according to the breast needs.

The entire procedure was repeated on the other side, and 
in the end, the patient was checked for any asymmetry 
and deformities that are meticulously corrected. Once the 
fat tissue was implanted, the access incisions were closed 
using 5-0 nylon stitches.

In all patients, the procedure was carried out in two 
sessions. According to the patient’s needs, in each of the 
two sessions, 50–150 ml (average, 93.54 ml) was injected, 
for a total of 187 ml (range, 110–250 ml) per patient.

The “Coleman technique”
Fat tissue (80–340 ml) was harvested from the abdominal 
region using some specific cannulas. Maintaining asepsis, 
we took the plungers off  the syringes; after closing them 
with a cap, we positioned them flat in the sterile centrifuge. 
The syringes were processed for 3 min at 3,000 rpm. This 
procedure can obtain purified fat tissue, preserving the 
integrity of the adipocytes but separating the fluid fat 

portion from the serousbloody part. The purified body fat 
was put in 1 ml syringes and aseptically reinserted using 
the specific microcannulas for implanting.

Fat was implanted quickly in multiple tunnels to ensure 
a better contact with vascularized bed, and within each 
tunnel, it was released in small aliquot to increase the 
viability of central adipocyte cells and also to ameliorate 
fat particle integration and tactile feelings under the skin.

In all patients, the procedure was carried out in two 
sessions. According to the patient’s needs, in each of the 
two sessions, 50–150 ml (average, 93.54 ml) was injected, 
for a total of 187 ml (range, 110–250 ml) per patient.

Statistical analysis
Values were expressed as mean plus standard error 
and analyzed using Student’s t test. Differences were 
considered statistically significant for P < 0.05.

Results
In patients treated with the Gentle technique, we observed 
a 60.5% + 12.5% maintenance of contour restoring and 
three-dimensional volume after 1  year (P < .0001 vs. 
control group); we compared the results obtained with 
only 39% + 4.4% of the control group treated with the 
Coleman technique.

Transplanted fat tissue reabsorbing was analyzed with 
instrumental imaging (MRI-ultrasound-mammography). 
There were no complications in any patient, and the 
results were lasting in all cases (the mean follow-up 
period was 60  months). All the patients were satisfied 
with the resulting texture, softness, and contour, and MRI 

Video: Movie of the fat graft injection performed by Gentle Technique in patient affected by outcomes of breast reconstruction
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confirmed maintenance of the restoration. The images 
were acquired on axial and sagittal planes. Based on MRI 
scans acquired, volumetric assessments of the breasts 
were also calculated, taking as edges the anterior axillary 
line, anterior margin of the pectoral muscle, medio-sternal 
line, skin, and nipple.

Discussion
Autologous fat grafting is widely used in breast surgery 
for a variety of indications including the correction of 
volume, shape, and contour deformities[23-29]; treatment 
of irradiated breast tissue; and priming of the irradiated 
field in breast reconstruction[30-32]:  In the majority of 
cases, lipofilling is used as an adjunct to standard 
breast augmentation procedure even if  the use of fat 
alone has been recently demonstrated.[33] Despite the 
appeal of graft lipofilling technique, many problems 
still remain concerning fat survival, and presently, there 
is no standardized method for fat grafting procedure. 
This procedure usually involves three different stages 
(harvesting, processing, and placement), and in each 
of these phases, adipocyte cells can be damaged. Our 
technique of fat placement is quite different from the 
others as we focus our attention on the last stage of fat 
graft procedure, which could explain the better results 
in graft survival. The most common procedure adopted 
by plastic surgeons in breast lipofilling is the Coleman 
technique[34]:  According to this one, fat is injected using 
a blunt Coleman infiltration cannula connected to a 
1 ml syringe and placed with a retrograde technique 
while withdrawing. Small aliquots of fat less than 0.1 ml 
were distributed equally in recipient bed to guarantee 
a better revascularization of the graft; in fact, injecting 
a single bolus of a large volume of fat is to be avoided 
as it leads to fat necrosis and poor outcomes due to the 
lack of sufficient contact with vascularized host tissue.[35] 
This technique rapidly spread worldwide and became 
the landmark technique of transplantation because it 
produces better results in graft survival.[36] However, while 
this method can be successfully used for small areas like 
the face, it can be inconvenient when treating large areas 
such as breast or buttocks because it requires a very long 
time and results in loss of fat placement accuracy. Our 
solution is to place the graft among linear deposits in a 
radial pattern, which permits shortening the surgical time 
and ensures graft viability as our results demonstrate.

Chung et al.[37] have reported how the Coleman technique 
for fat injection could be harmful for adipocyte cell: They 
compared fat retention rate using Coleman procedure 
with the use of a hand-held device that permits disposal 
of preset 400  µl aliquots with every pull of the trigger. 
Performing an MMT viability assay, they demonstrated 
that there was a significant higher cellular viability of 
the fat injected with the device than with the Coleman 
technique, and similar results were reported for adipocyte 

proliferation rate and fat volume retention. This study 
supported the important influence of mechanical 
trauma in graft survival and the necessity of using a 
“fat friendly” technique to reduce fat reabsorption rate 
and adipocyte necrosis. According to these findings, the 
“Gentle” technique pretends to be literally gentle and the 
fat is released with slow and controlled movements with 
a constant plunger pressure: A slow rate of fat injection 
allows us to achieve better results than a fast one as it 
causes a lower shear stress on adipocyte cell.[38] In fact, 
whereas fat tissue is widely resistant to both negative and 
positive pressure and static pressure can damage fat only at 
extreme levels,[38,39] shear stress, which is exerted on the fat 
as it is pushed through tubing such as a syringe barrel or 
cannula, has been shown to be very harmful for adipocyte 
cells and a flow rate of 0.5–1 cc/s has to be recommended 
to optimize fat viability.[38] Atashroo et  al. have found 
fat storage rate to be significantly higher when the fat is 
released at a constant rate that minimizes fat trauma than 
when it is intermittently placed in the bed recipient.[40] 
A  constant plunger pressure decreases fat viscosity and 
lets the graft flow out from the syringes more easily. Wider 
cannulas (2.5 mm) are also preferred because of reduced 
fat reabsorption compared with smaller cannulas (1.6 or 
2 mm)[41]; needle size does not influence fat viability at 
least using 14, 16, 20 needles gauge.[42] We think that using 
wider diameter cannulas decreases mechanical trauma 
on adipocyte cell and better respects physical properties 
of fat.

Pattern of graft distribution is also to be thought in order 
to have better results. Different ways of graft placing 
have been tried in these years but a standardized layout 
still does not exist. As we have previously reported, 
the first revolution in graft disposition was made by 
Coleman: Instead of placing fat in a single block as Peer 
previously had done, Coleman disposed it in small aliquots 
into consistent numbers of subcutaneous tunnels.[34] 
He reported a significant deterioration of recipient site 
fullness in a period between 8 and 12 years and attributes 
much of this success to placement technique and 
surgeon experience. Jeong[43] recently reported the use of 
screw-type syringes to dispose fat like several logs that are 
laid on top of others oriented in the opposite direction. 
We prefer to dispose the graft in a radial pattern to avoid 
an excessive stratification of linear deposits that could 
decrease vascularization ratio and consequently graft 
viability especially in the central rows. A  radial pattern 
permits a homogeneous distribution of large volume 
of fat (200-220 cc) with minimal risk of adipocyte cell 
necrosis due to the wide contact surface between graft and 
vascularized host tissue.

Yoshimura et al.[44] use 150 mm long 18-gauge needles that 
are inserted from either one or two points on the areola 
margin or one or two points at the inframammary fold 
in variable directions and planes to achieve a diffuse 
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distribution. The grafts were injected as small aliquots or 
as a thin string into the fatty layers on, around, and under 
the mammary glands and also into the pectoral muscle. 
They reported a breast circumference augmentation of 4 to 
8 cm at 6 months and 2–3 bra-size increase corresponding 
to fat volume retention of 100 to 200 ml, substantially 
less than the fat survival rate we report. Considering 
the surgical technique they perform, we find that using 
a double access inframammary and periareolar, we can 
reach a more three-dimensional distribution of the graft 
and a better breast re-contouring as patient satisfaction 
demonstrates. Moreover, we avoid intrapectoral graft 
injection and prefer to place the entire volume over 
the muscle fascia to enhance fat graft survival. In fact, 
Karacaoglu[45] reported a higher retention rate when fat is 
placed in supramuscular layer (81.95% ± 4.4%) than in the 
submuscular one (37.31% ± 5.77%) confirming that even 
the selection of recipient site could influence ultimate fat 
graft survival.

conclusion
Even if  different fat injection techniques have been tried 
in the last years to maximize fat stability while improving 
breast contouring, volume, and shape, a standard one 
still does not exist. We have showed in this article that 
every single aspect of graft placement (cannula size, 
flow rate injection, fat purification, layout of injection, 
and layer recipient bed) can influence fat stability, and 
therefore, a reference technique of transplantation has to 
be obtained to make different study results comparable. 
In these years, we have tried to improve our technique 
to define a procedure that ensures maximal fat survival. 
Our method is focused to eliminate any unnecessary 
manipulation of the graft so as to optimize graft retention 
and clinical outcomes:  Controlled movement and slow 
rate of fat injection are the cornerstone of our technique 
and guarantee a nontraumatic fat transfer and a greater 
survival rate of adipocytes. Linear placing and radial 
pattern should be preferred when large amounts of fat 
have to be released while preserving graft vascularisation.

Although our reported experience is from a single centre, 
the “Gentle” technique seems to be a desirable technique 
for fat injection as it improves fat viability and long-term 
patient satisfaction.

Almost all the patients were satisfied with their enlarged 
soft breast with natural control.
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