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Preface

Body contouring surgery has evolved greatly in the last decades. Along with cultural 
changes and new concepts of beauty, medical practice has also evolved following new 
ideas and patient expectations.

This book describes new techniques and devices, including surgical and nonsurgical 
procedures, in body contouring. It begins with a description of the evolution of 
liposuction. In the past, previous procedures were considered dangerous, resulting 
in poor outcomes and adverse side effects; patient safety was not a priority. As such, 
new technologies and care were needed, and a new term for liposuction emerged: 
liposculpture. There are various types of liposuction, ranging from soft or medium 
to high-definition liposuction, depending on how athletic a patient is and how much 
fat and skin laxity they have. The book also discusses preoperative markings for 
liposuction, which involves the surgeon marking the negative areas to work on to 
completely remove fat deposits, outlining the upper part of the midline, the lateral 
borders of the rectus abdominis muscle, the oblique and serratus muscles, and the 
iliac crest.

The second part of the book emphasizes some techniques for body contouring, start-
ing with breast surgery. After the first breast implants became available, the initial 
trend was to use larger implants without considering the shape and readaptation of 
skin. Today, breast surgery has dramatically shifted, influenced by the type of activi-
ties modern patients engage in and with an eye towards shape and long-lasting results 
rather than just volume.

In patients who have had pregnancies or experienced weight fluctuations, a breast lift 
(mastopexy) may be needed, with or without the use of implants. The book describes 
some variations of the pedicles used in mastopexy in combination with the use of 
mesh in some instances or other options where the implants can be stabilized using a 
pre-pectoral pocket.

Next, the book discusses some new devices in body contouring. Power-assisted 
liposuction is an external device that generates an oscillatory movement in the canulae 
and hand piece that reduces the surgeon’s fatigue, facilitating the extraction of more 
fat in less time. It is also a good tool for better defining the negative spaces in the abdo-
men. Other devices discussed include ultrasonic devices and internal radiofrequency 
devices that dilute fat and make its extraction easier, destroying adipose tissue and 
helping with the postoperative retraction of the skin. These devices achieve excellent 
definition of the worked areas with little inflammation and pain in the postoperative 
period, producing long-lasting results and allowing patients a more rapid return to 
their regular activities.

Finally, the book discusses skin resection, which is used if the patient has skin laxity 
and excess. Resection may range from a mini abdominoplasty to a complete or extended 

XII
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abdominoplasty or even a more advanced procedure called fleur-de-lis abdominoplasty, 
which is used in cases of skin excess and redundancy in the central and upper part of 
the abdomen. This procedure eliminates excess fat at the back, flanks, and lateral areas, 
helping to achieve a flat abdomen. The type of procedure used depends on the height 
and weight of the patient, the amount and extent of skin that needs to be resected, and 
the patient’s general health. The book also discusses some safety specifications as they 
relate to these new technologies.

There is a promising future in body contouring procedures and it is important for 
surgeons to be aware of advancements in the field in order to keep up with and meet 
the needs and desires of patients.

Alexandro Aguilera
National Institute of Pediatrics,

Department of Peripheral Nerve and Hand Surgery,
Mexico City, Mexico
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Chapter 1

Introductory Chapter: New 
Horizons in Body Contouring
Alexandro Aguilera

1. Introduction

The history of humanity and its scientific evolution cannot be described 
without pointing out the innate desire of our species to observe our surroundings, 
accompanied by the need to achieve better and consistent results through the 
invention of new technologies and devices. In the present days, these advances 
have come along also with the evolution of how patients see themselves, being 
more demanding than before, looking for less inflammation, shorter recovery 
periods, and natural and long-lasting results, following a modern vision of beauty 
mostly influenced by social media and ethnic parameters.

Regarding body contouring surgery, we have witnessed a massive change in the 
last few years, not only because of the cultural change in how patients see themselves 
and what types of bodies they are looking for, but also because of the new techniques 
and devices that have helped achieve those type of results modern patients want, and 
also because of a change of our own mentality we as surgeons have [1].

2. Cultural influence and patient expectations

First of all, the cultural changes have been very important to get us where we are 
standing nowadays. In the past, the type of results the patients often wanted was 
massively influenced by TV shows, movies, and magazines. With the boom of silicone 
breast implants, patients wanted to go as high in volume as they could, without con-
sidering the final shape and how they fit their general body contour as a whole, nor 
the effect of the weight will have in the breast, with the natural descent that comes 
in the following years. Nowadays, our patients have become more aware of their own 
bodies, looking for more natural and athletic looking results that can relate to the type 
of body of each patient, shifting our main vision in breast surgery influenced also 
with the type of activities modern female patients do, and looking for better shape 
and long-lasting results rather than just volume [2].

The same happened with their expectations from other body contouring proce-
dures such as abdominoplasty and liposuction. From my point of view, this is one of 
the areas in plastic surgery with the most evolution in recent years. The general idea of 
the patients was just to take out volume from some areas, without volumizing oth-
ers, or in other instances just remove the skin excess generated by pregnancies or by 
important changes in weight [3].
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3. New technologies

Secondly, there has been a very important development in new technologies and 
devices. Practically each year we see a new console, a new machine that comes out to 
the market promising the best results. We as surgeons have to be very well informed on 
what effects those new technologies will produce in our patients, selecting which ones 
are best for them with consistent results and scientific evidence supporting them [4]. 
First, with the introduction of power-assisted liposuction, we as surgeons got less 
fatigued, with less movements we could extract a lot more of fat from a particular 
area, thus enhancing the results. Secondly came the ultrasonic liposculpture, helping 
us liquify the fat, eliminating the adipose tissue, facilitating the extraction, and help-
ing us with the postoperative recovery with less inflammation and quicker recovery 
times. Finally, what we are using nowadays is operative radiofrequency helping us 
with a much better skin retraction, less inflammation, stimulation of collagen and 
elastin production, and with so, better skin quality and better results, enhancing 
negative areas and accentuating lights and shadows that make our results even better. 
The last piece in the puzzle has been the postoperative therapy that has helped the 
patient in a reduced swelling, less seromas formation, and better skin redraping to the 
areas where fat was extracted [5].

4. Surgeon’s mindset

Finally, our mentality as plastic surgeons has also experienced an important 
change, focusing our practice in patient safety first, and with the support of the 
new technologies and advances previously described, the type of results we are 
looking for. In the past, previous procedures were even considered dangerous, 

Figure 1. 
A): Preoperative markings (in black we outline midlinemidline and lateral borders of rectus abdominis muscle in 
blue we outline the negative spaces to totally get rid of the fat in those compartments, and in red we outline the areas 
of fat transfer to enhance the pectoralis). B): Preoperative frontal picture. C): Postoperative picture after 6 months.
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where patient safety was not a priority, resulting in dangerous side effects and 
very poor results. The second part of our mentality change is influenced also by 
cultural changes and the current definition of beauty, combined with a much 
better understanding of the male and female anatomy which in combination with 
the current technologies have helped us in achieving not only more natural results, 
but in selected patients high-definition results where we can enhance abdominal 
and back muscles, and even get athletic arms and legs, pectoral definition in men, 
treatment of gynecomastia, and in general a better body contour fit with the types 
of bodies we want (Figure 1).

In conclusion, there is a three-way responsibility in achieving better results, 
patients, new technologies, and surgeons. We need to have a better understanding 
of our patients’ desires but also educate them on what can be done and what cannot, 
keep preparing ourselves in learning how to apply these technologies having in mind 
our patient’s safety and how we can help them achieve the results they are looking for, 
helping them as we can with a better recovery period, less painful procedures, and 
quick return to their normal activities.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 2

Lipocontouring: Recipe for Esthetic 
Feminine Silhouette
Sherif Wasief

Abstract

This chapter discusses the different types of procedures for augmenting body 
shape and size, including liposuction, lipoinjection, lipocontouring, and others. 
It presents a history and literature review of liposuction and details the author’s 
personal techniques with accompanying figures and photographs. The chapter also 
discusses safety and common complications of body contouring techniques.

Keywords: lipocontouring, liposculpture, lipoinjection, hip-to-waist ratio, Brazilian 
butt lift (BBL), VASER, laser-assisted liposuction, expansion vibration lipoinjection 
(EVL), cellulite, buttock augmentation, thread lift

1. Introduction

The influence of social media on how people view their bodies is undeniable. 
Increasingly, many people consider an hourglass body shape with a narrow waist and 
round buttocks to be “ideal.” This is true across many cultures and ethnic groups. 
Nowadays, there is a focus on buttock aesthetics, with many people wanting full, 
round buttocks free from cellulite and a small hip-to-waist ratio (Figure 1).

1.1 Liposuction, lipocontouring, and new concepts

Liposuction is one of the most frequently performed procedures in plastic surgery, 
accounting for 15–20% of all cosmetic procedures. In the last 5 years, it has been 
among the top three most requested procedures [1].

Contributions from researchers like Sterodimas, Coleman, Klein, Gasparotti, 
Zocchi, Apfelberg and others are the cornerstone for all current lipocontouring proce-
dures performed [2–7].

Alfredo Hoyos and Peter Prendergast’s book on high-definition liposculpture 
details advanced techniques in lipoplasty and autologous fat grafting [8]. The authors 
describe augmentation of muscular curves by lipoinjection over muscles and intra-
muscularly for an athletic body shape.

A meta-analysis by Hector Lázaro Cárdenas-Camarena et al [1] focused on 
safety and reducing fatal complications in liposuction. This study found that throm-
boembolic disease, fat embolism, pulmonary edema, lidocaine intoxication, and 
intraabdominal visceral lesion are the most serious complications when performing 
liposuction.
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Danilla described the rectus abdominis fat transfer (RAFT) technique, which 
involves transfer of fat directly to the rectus abdominis muscle after flap eleva-
tion during lipoabdominoplasty [9]. Gonzalez et al. investigated incorporating the 
ultrasound-guided rectus abdominis fat transfer (UGRAFT) technique after high-
definition liposuction in one patient [10].

1.2 Gluteal fat augmentation

Strong et al. contributed to the refinement of the fat grafting procedure with their 
review of harvesting, processing, and injection techniques [11].

Luiz Toledo invented the “Brazilian Buttock Technique” for transferring fat to the 
buttocks [12].

Mendieta [13] published his classification of the liposculpture of the gluteal 
units for better understanding of the area; gluteal fat augmentation became a three-
dimensional body contouring technique more than just a simple buttock augmen-
tation; Mendieta described a gluteal esthetic unit classification system involving 
10 units (see Table 1 and Figure 2).

In Mendieta’s classification system, six esthetic zones contribute to the buttock 
frame/shape: zones 1–5 and 8. The mid-lateral buttock (zone 8) is unique in that it 

1. Sacrum v-zone

2. Flank

3. Upper buttock

4. Lower back

5. Outer leg

6. Gluteus

7. Diamond zone: inner gluteal

8. Mid-lateral buttock (point C)

9. Inferior gluteal/posterior leg junction

10. Upper back

Table 1. 
Gluteal esthetic units.

Figure 1. 
a, b, c and d are images of patients who have undergone lipocontouring; from different ethnicity.
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often requires fat transfer to improve contour. Additionally, this area does not con-
tain muscle and thus requires special attention and precision when fat grafting. All 
approaches involve liposuction of zones 1–4 in all patients. It is important to note that 
excessive liposuction of zone 5 can also lead to an unnatural transition zone between 
the buttock proper and the lateral thigh [14].

Expansion vibration lipofilling (EVL), first described by Del Vecchio and Wall, is 
a more efficient alternative to syringe-based injection in large-volume fat transplanta-
tion to the breast and buttock, employing basket cannulae and vibration through 
recipient site tissue. By utilizing 4-mm large-bore tubing, the authors demonstrated 
that large-volume fat transplantation procedures such as Brazilian butt lift (BBL) can 
be performed more expeditiously, free the operating hand from fatigue, and allow for 
more focus on cannula tip location and anatomic cannula depth [15].

2. Aim of this work

This case series demonstrates the effect of lipocontouring in female patients. We 
describe liposuction combined with lipoinjection to promote better understanding of the 
implementation of new technologies to maximize esthetic results while prioritizing safety.

A combination of liposuction of the back, waist, and abdomen with lipo-augmen-
tation and liposculpture of the buttocks with treatment of cellulite and buttock lifting 
by threads produced good esthetic results and high rates of patient satisfaction.

3. Patients

This case series includes a cohort of 243 female patients aged 18–50 years with a 
body mass index (BMI) in the range of 18–40 who underwent lipocontouring and 

Figure 2. 
Gluteal esthetic units.
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waist liposuction (lipo 360 procedure) combined with other surgeries such as buttock 
lipofilling, tummy tuck, cellulite treatment, and thread lifting of the buttocks.

4. Surgical technique

4.1 Medical history

Patients were screened for history of previous operations, diabetes mellitus, hyper-
tension, use of blood thinners, pregnancies, smoking, and cardiovascular diseases.

4.2 Examination

Body shape, buttock shape, fat distribution, skin laxity, adhesion lines, intra-
abdominal fat, abdominal muscle weakness, hernias, cellulite condition, stretch 
marks, scars and umbilicus were all examined. Patient waists were measured at the 
smallest (maximal indentation) point and patient hips were measured at the widest 
part. The measurements were divided to obtain waist-to-hip ratio.

4.3 Photography

Patients were photographed from shoulders to knees at a distance of 2 meters 
and from different angles: anteriorly at 45 degrees to the right and left, laterally on 
both sides, and posteriorly at 45 degrees to the right and left. Cellulite condition of 
the buttock area was photographed in both a state of relaxation and during muscle 
clenching.

4.4 Marking

Permanent markers were used to mark areas for deep and superficial liposuction, 
adhesion lines, areas for lipoinjection, and areas of cellulite.

And dynamic muscle lines definition.

4.5 Anesthesia

Both general and epidural anesthesia were used.

4.6 Patient positioning

Patients were placed prone then supine.

4.7 Liposuction: Video 1, https://bit.ly/3QHTY6c

4.7.1 Tumescent infiltration

Tranexamic acid (50 mg for 500 cc of Ringer’s solution with maximum dose of 200 mg).
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4.7.2 Suction-assisted liposuction (SAL)/traditional liposuction

No. 5 Mercedes cannula and no. 4 Basket cannula used for deep liposuction.
No. 4 Mercedes cannula used for superficial liposuction and dynamic lines.

4.7.3 Power-assisted liposuction (PAL)

No. 4 and no. 5 Mercedes cannulae.

4.7.4 Ultrasound-assisted liposuction (UAL)/VASER liposuction

VASER and LipoSound devices.
Used before liposuction.

4.7.5 Laser-assisted liposuction (LAL)

Fotona’s Nd: YAG laser machine.
Used before liposuction.
In a few cases, we used the laser both before and after liposuction (sandwich 

technique).

4.7.6 Syringe liposuction

Toomey tip syringes mounted on toomey tip ready no. 4 Mercedes cannulae.

4.8 Fat processing and preparation

Fat was aspirated into sterile 2000-cc containers or into toomey tipped syringes.
Decantation was performed only if fat was yellow in color.
Wash of aspirated fat with Ringer’s solution if bloody.

4.9 Lipoinjection: Video 1, https://bit.ly/3QHTY6c

No intramuscular injections were used in this series. Instead, only deep and 
superficial subcutaneous lipoinjections were used accordingly.

4.9.1 Syringe lipoinjection

Tommy tip syringes mounted on no. 4 Mercedes cannulae.
Three Luer lock syringes on no. 3 and no. 2 single-hole cannulae.

4.9.2 Expansion vibration Lipoinjection (EVL)

There is no propeller machine available in our practice and thus we used Toomey 
tipped syringes connected to a sterile single-use tube attached to a no. 4 Mercedes 
cannula.
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Lipo-injection using power machine while vibration is on, another step of redis-
tribution of fat after completion of lipoinjection by moving the cannula confirming 
homogenous redistribution of fat.

4.9.3 Cellulite release and C-point release: Video 2, https://bit.ly/3QHTY6c

Before lipoinjection the cellulite bands and adherent C-zone are prepared by inject-
ing tumescent solution and cellulite bands and adhesions in c-point are released by no. 2 
and/or no. 4 V-tip Toledo Cannula (Figure 3).

4.9.4 Ultrasound guidance during lipoinjection

Multiple safety reports and task forces have banned gluteal intramuscular 
lipoinjection. Several papers reported accidental intramuscular injections despite 
the surgeon’s intentions to inject subcutaneously. Using ultrasound during injection 
increases precision and safety (Figure 4).

4.9.5 Thread lifting

Figure 5 shows the author’s personal thread lifting procedure using a no. 1 
polydioxanone (PDS) loop suture, which is used in patients with skin laxity who 
refuse surgical lifting as purse string suture with 2 passages.

Figure 4. 
Ultrasound-assisted lipoinjection of buttocks.

Figure 3. 
V-tip/Toledo cannula.
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5. Results

5.1 Patient presentation: Video 3, https://bit.ly/3QHTY6c

Figure 6 shows the results of VASER liposuction (1000 cc) and syringe lipoin-
jection (700 cc of purified fat re-injected) in a 40-year-old patient weighing 55 
kilograms.

5.2 Patient presentation

Figure 7 shows the results of VASER liposuction (4000 cc) and EVL lipofilling 
(2000 cc of purified fat re-injected) in a 40-year-old patient weighing 72 kilograms.

5.3 Patient presentation

Figure 8 shows the results of tummy tuck, traditional liposuction (5000 cc), and 
syringe lipoinjection (1000 cc of purified fat re-injected) in a 42-year-old patient 
weighing 75 kilograms.

Figure 5. 
Thread lifting of buttocks (author’s personal technique).
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Figure 6. 
Preoperative marking and postoperative photos of lipocontouring in a 40-year-old patient weighing 55 kilograms.
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Figure 7. 
Preoperative, marking and post operative photos of lipocontouring in 40 years 72 kilograms patient.

Figure 8. 
Preoperative marking and postoperative photos of lipocontouring in a 42-year-old patient weighing 75 kilograms.



Body Contouring – Surgical Procedures and New Technologies

18

6. Discussion

Technology and medical knowledge in all fields of plastic surgery, especially body 
contouring, have expanded tremendously in the last years. The number of patients, 
plastic surgeons, and procedures is increasing with market expansion.

This chapter discussed our contouring technique, which is easy to learn, simple, 
and reproducible. In addition, it has a high satisfaction rate and low complication rate.

Adding energy devices to the armamentarium of plastic surgeons, and using them 
with caution and within safety limits after sufficient training, leads to improved 
results with smoother curves and better skin re-draping.

Skin burns and vascular insults of the skin are the major complications reported 
in the literature. These may occur in small areas (e.g., loins) where straight cannulae 
hit directly into the skin. One patient in our series had bilateral burns after treatment 
with the LipoSound device (Figure 9).

Larger burns and necrosis of larger areas of skin have also been reported in the 
literature [16]. No major burns occurred in this series.

Skin scarring and discoloration have also been reported, the latter being a more 
common occurrence. These complications can be largely avoided via cautious use of 
energy devices during liposuction (Figure 10).

Figure 9. 
Bilateral burns in a patient after undergoing treatment with LipoSound device.

Figure 10. 
Pigmented scarring in a patient after undergoing treatment with LipoSound device.
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Blood transfusions may be necessary when using liposuction to remove large 
amounts of fat or when there is excessive bleeding. Other complications may include 
skin irregularities and over and under corrections.

Teamwork among anesthesiologists, nursing staff, assisting surgeons, and resi-
dents is essential for safety and efficacy of body contouring procedures.

7. Conclusion

Lipocontouring procedures can help patients obtain their desired body shape and 
size. For some patients, this may mean a narrower waist, smaller waist-to-hip ratio, 
smooth transition from waist to hip, better skin tone, or less cellulite in the buttock 
area. The procedures used are based on patient factors such as bony frame, skin qual-
ity, age, health status, smoking condition, and amount of weight and fat resources. 
Differences in these factors among patients give different results. Although the best 
result is usually obtained with the initial surgery, some patients may opt for second-
ary and revisionary surgeries. For example, an additional round of fat grafting to the 
buttocks may produce a more esthetic result.
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Chapter 3

Body Contouring and VASER 
Technology, the Fourth Dimension
Ali Juma, Jamil Hayek and Simon Davies

Abstract

Body contouring surgery encompasses several facets. However, it is only in the last 
15 years that body-sculpting technology has been incorporated in body contouring on 
a larger scale. This has added further refinements to the aesthetic outcomes of body 
contouring surgery. Advances in VASER technology meant it has become synonymous 
with the art of lipo-sculpture, body sculpting and body contouring. When perform-
ing body contouring, the first step in liposculpturing the tissues is to emulsify the 
fat using ultrasound resonance. The emulsified fat is then aspirated with a power-
assisted suction device, and in appropriately selected patients, surgically excising the 
skin excess to achieve the desired results. It is important not to forget the other added 
bonuses of VASER technology, which includes reduced surgeon’s fatigue, enhanced 
skin retraction and reduced downtime; all being achieved at a high safety margin. 
Body contouring does not stop at emulsifying fat and aspirating it. Fat transfer in 
the selected patients has become an integral part of body contouring surgery. This 
includes patients wishing breast augmentation and buttock augmentation utilising 
their own fat, thereby reducing any concerns they may have with using silicone-based 
implants, whilst achieving cosmetically pleasing long-lasting outcomes. Surgical exci-
sion where technology cannot overcome skin excess and laxity adds to the aesthetic 
outcomes in selected cases, thus bringing to fruition the hybrid surgical approach 
popularised in the twenty-first century. One example of many is incorporating 
VASER lipo-sculpture with abdominoplasty.

Keywords: body contouring, VASER, lipo-sculpture, abdominoplasty, body sculpting, 
fat transfer, aesthetic outcomes

1. Introduction

Contouring is defined as the action of changing the shape of something [1] 
(Cambridge English Dictionary). However, in a Plastic Surgeon’s eyes, it is the action 
of forming and shaping new cosmetically pleasing contours of the body or face. In 
doing so, thus recreating and restoring the desirable anatomical relationships nearest 
to the golden ratio of beauty yet respecting the racial differences of beauty.

One of the great doyens of Plastic surgery, Ivo Pitanguy defined body contour-
ing surgery as a collection of procedures with the goal of volumetric manipulation 
of superficial tissue, normally the adipose tissue, with or without removal of skin 
excess [2].
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In our opinion, body contouring is the foundation of recreating beauty by mould-
ing tissues, proportioning contours and removing excess, be it fat and/or skin when 
applicable. This recreates positive ‘spaces’ (light reflection) and negative spaces 
(shadows) when warranted and where desired (Figure 1). We must always remember 
that the patient’s realistic goals and aspirations must be an integral part of our plans in 
achieving the best results.

Although technologies have added to the outcomes in body contouring, it is of 
profound importance to remember that it is unlikely to replace surgery in entirety 
and certainly not for the near foreseeable future. However, it will remain a power-
ful adjunct to surgery raising the bar to achieve consistent good outcomes in body 
contouring especially when using the hybrid approach.

The expectations of the human body-form appearance in both sexes have 
changed over the last five decades. This evolution is in continuous flux and in 
our opinion, is heavily influenced by factors including social media and designs 
of attire. This adds significant peer pressures to both patient and plastic surgeon 
alike.

Peer pressure on the surgeon has its drawbacks, but also has its benefits. One such 
important benefit is driving advances in our speciality in safe surgical techniques and 
technologies. This spurs on the medical technology companies influenced by market 
forces to continually respond to the demands of the plastic surgeon based in part on 
patient’s aspirations.

Figure 1. 
Forty-two-year-old male who had undergone high-definition body sculpting with VASER. The lipoaspirate was 
4.4 litres.
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2. Technologies in body contouring

The technology in body contouring continues to evolve. The devices on the market 
are numerous; however, as the chapter is designated to talk about VASER technology, 
body contouring and the hybrid approach, hence, we will concentrate our writing on 
this technology, its role and relationship with surgery in body contouring.

What does VASER stand for? It is an acronym, which stands for ‘Vibration 
Amplification of Sound Energy at Resonance’. Certainly, a scientific mouthful, 
which practically can be simplified through describing its action in plain English. 
The ultrasound waves break up and liquefy fat cells making it easier to remove by 
liposuction at lower pressures with ease and more abundance than with traditional 
methods. In doing so reducing surgeon’s fatigue yet safely achieving consistent 
aesthetic outcomes, thus popularising this type of body contouring surgery 
(Figure 1).

3. The evolution of VASER

Ultrasound-assisted liposuction (UAL) broke down fat cells to produce an emul-
sion, leading to a less traumatic aspiration of fat. Unfortunately, early on high inci-
dence of burns, skin necrosis and scarring occurred [3, 4].

The development of hollow probes rather than the earlier solid probes although 
meant less risks; however, the high energy delivered meant when used near to skin; 
burns, scarring, waviness and contour irregularities could occur [3, 4].

The first report of clinical application of a third-generation ultrasound liposcu-
lpture device, which used pulsed low-power ultrasound and high-efficiency small-
diameter solid titanium probes; VASER liposculpture was reported by Jewell et al. [5]. 
The energy was much less and the pulsed mode reduced heat generation, thus reduc-
ing risks and potential complications.

The advent of VASER meant plastic surgeons elevated liposuction to new highs, 
and VASER-assisted liposculpture (VAL) became popularised. Alfredo Hoyos 
embraced this technology from an early stage and pushed the boundaries to new 
levels [6].

With these advances was born new nomenclature formulated to describe the 
complexity of the detailed sculpting of the superficial fat and deep fat over muscles 
and in between muscles VAHDL [7].

4. The evolution of fat transfer

Fat grafting and lipofilling are synonymous with fat transfer. In this chapter, we 
will use the term fat transfer, as in our opinion it is more fitting as a descriptive term 
than either of the other two; however, the words may be used interchangeably.

Fat transfer was first documented in 1889 when omental fat was grafted between 
the liver and diaphragm to repair a diaphragmatic hernia [8].

In 1892, Neuber et al. described fat taken from the forearm and transferred to fill a 
volume and contour irregularity of the face caused by a scar with excellent results [9].

In 1895, Czerny et al. transferred fat from a lipoma of the back for breast recon-
struction [10].
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The first needle and syringe fat transfer was demonstrated by Brunning et al. in 
1911 when he injected for the first-time fat subcutaneously in the nose to correct 
the aesthetic result following rhinoplasty. Brunning was the first to identify that fat 
resorption meant the results were not sustainable [11].

Refinements of the fat transfer did not occur until 1975 when the Fischers, father 
and son, developed the modern techniques of liposuction using metal cannulas [12].

Further advancements in liposuction and fat transfer techniques occurred when in 
1992 Coleman proposed a new method of harvesting fat, which minimised trauma to 
adipocytes [13].

In 1993, Klein added the Tumescent technique which made harvesting fat easier 
and less traumatic to the adipocytes with less blood loss making large volume fat 
harvesting possible with a higher safety margin; this popularised large volume 
liposuction [14].

In our opinion, with the advent of safer large volume fat harvesting, it was only 
natural that the collected fat ought not go to waste, hence paving the way to large 
volume fat transfer.

5. Fat donor and recipient sites, our experience

In this chapter, we will consider the donor sites we commonly harvest fat from and 
the recipient anatomical sites we transfer fat to. In our series the recipient of fat most 
common anatomical sites included the face, breasts, and buttocks. This parallels what 
is documented in the world literature [15].

Our choice of fat donors site/s depends on a number of factors including the 
amount of fat required, the anatomical area we plan to transfer the fat to, and the 
anatomical location/s where fat is available especially in the thin patient. We must 
respect that in harvesting the fat; the donor site/s aesthetic outcomes are appropri-
ately proportioned.

Since we started liposculpturing the body’s different anatomical sites with Vaser, 
it has become much easier to make available the amount of fat required to transfer 
to breasts and buttocks when other less advanced methods fail at worst or at best 
may not achieve this in one stage. In our experience, this is not so for the face as the 
volumes required are relatively small and, in most cases, available even with less 
advanced technology. In the face and in the majority, we tend to use syringe-assisted 
lipo-aspiration to harvest the fat for transfer.

6. Face contouring

When transferring fat to the face or anatomical areas of the face, we tend to use 
submental fat if available (Figures 2–4), including when performing a facelift. In the 
case when submental fat is of limited availability, then we use abdominal fat.

In the case of fat transfer to breasts and buttocks, we use the abdomen, lower back 
and thighs. The thighs are used as a backup unless the preoperative plan included 
them as a part of body contouring.

In the face and in selected patients, fat transfer can be used as a sole method of 
facial rejuvenation instead of dermal, Hyaluronic Acid, fillers (Figure 5). Fat can also 
be used an adjunct to face and midface lift surgery, thus adding further refinement to 
the cosmetic outcomes.
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Fat is injected in key areas of the face including the temples, zygomatic area/
cheeks, midface, nasolabial folds, lateral cheeks, pre-jowl sulcus, marionette lines 
and jawline. The glabella, brows and forehead are also targeted sites for fat transfer in 
selected patients (Figure 5). Our plans when transferring fat into the face or any of its 
anatomical areas mirror, the techniques we use when injecting hyaluronic acid dermal 
fillers in the ageing face (Figures 2–4).

Figure 2. 
Twenty-nine-year-old male 7 months following VASER liposuction of neck and 6 cc fat transfer of fat to chin.

Figure 3. 
Thirty-four-year-old male 3 weeks following submental and neck liposuction in addition to buccal fat removal. 
An 8 cc fat transfer to chin was also performed.
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When transferring fat to the face, we methodically target the different planes 
injecting different consistency of fat in the different compartments, both the super-
ficial and deep fat compartments [16], in addition to depositing the fat on the bone 
when required.

Our non-surgical dermal fillers experience in injecting the face contributed to us 
pushing the boundaries with our fat transfer techniques further adding to the aes-
thetic outcomes of our patients.

We developed a simple formula relating to the amount of fat required to be 
transferred in face rejuvenation. One millilitre (1 cc) of hyaluronic acid filler equates 
to 2-3 cc of fat irrespective of age or anatomical area.

However, we must keep in mind that fat does not have the same lifting proper-
ties as hyaluronic acid and different anatomical areas require different consistency 
of fat and viscosity. One such example is Nano-fat in the tear trough and lower 
eyelids area [17]. We use mechanical agitation to obtain this type of fat following its 
harvest.

In the twenty-first century, we feel that using high-definition ultrasound is likely 
to be the next step in progression when transferring fat into the face, thus aiding 
the accurate placement of fat, helping to avoid blood vessels, thus further reducing 
risks.

Figure 4. 
Twenty-eight-year-old female 1 week following neck liposuction, buccal fat removal and 2 cc fat transfer to chin.

Figure 5. 
Fifty-one-year-old female 5 months following 24 cc of fat transfer to face.
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7. Abdominal contouring

Our algorithm for abdominal contouring is simple. It pivots on four determining 
factors.

The first factor is the skin quality, laxity and excess. The second the rectus sheath 
its weakness, bulge, divarication and any hernia/s. The third is fat, its excess and 
distribution. The fourth is patients’ aspirations and whether they are achievable, if so, 
how best to achieve them safely and efficiently.

If the skin quality is poor with laxity and significant excess, then a surgical 
excision is warranted (Figure 6). If the rectus sheath shows weakness with bulge 
and divarication, a plication is required. If a hernia is detected on ultrasound prior 
to surgery, then a multidisciplinary repair of this hernia with a general surgeon is 
planned.

Fat excess warrants liposculpture; however, the fat distribution influences the way 
we create curves and the time it takes. Patients’ aspirations will have an influence on 
us as plastic surgeons; however, we must respect the confines of what is scientifically 
achievable within the realms of safety yet obtaining the best aesthetic results.

We must on occasions when a patient has unrealistic expectations protect that 
patient by being honest with them. Although we let them down gently, however, we 
will offer them the reasoning as to why and the support required.

Abdominoplasty with rectus sheath plication is a common procedure. Our 
aspirations and goals are to push the surgical outcomes of abdominoplasty to new 
heights. This is achievable when the aesthetic results of surgery; significantly 
outweighs the size of scarring whilst creating the desired contours and appro-
priate proportions. To do so, an open mind utilising a hybrid approach must be 
contemplated (Figures 7 and 8).

As plastic surgeons we aspire to always better our surgical outcomes and 
improve safety. Understanding the abdominal vascular territories and blood supply 
meant we could incorporate liposculpture with surgical excision yet reduce surgical 
complications [18].

Figure 6. 
Forty-nine-year-old female 6 months following VASER liposculpture to abdomen and flanks with abdominoplasty 
and plication of the rectus sheath. She also had bilateral breast reduction with fat transfer to upper poles to 
improve upper pole fullness.
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VASER has added a safety margin to abdominoplasty as it produces less traumatic 
fat removal from the abdominal flap, thus decreasing the chances of complications 
associated with lipo-abdominoplasty [19].

Suction-assisted liposuction does not impair the regenerative potential of adipose-
derived stem cells [20]. As the lipo-aspiration pressures are much lower following 
VASER than traditional liposuction, this also reduces risks to the skin [21].

The Vent-X, which is the vacuum pump designed to work with VASER, the vac-
uum it generates ranges from 0 to 760 mmHg. The dial starts at zero and goes all the 

Figure 7. 
Forty-three-year-old female 6 months following 360 VASER liposculpture of abdomen and flanks with first stage 
fat transfer to breasts. Followed by a second stage VASER liposculpture of thighs and back.

Figure 8. 
Forty-three-year-old female 6 months following 360 VASER liposculpture of abdomen, and flanks with first stage 
fat transfer to breasts. Followed by a second stage VASER liposculpture of thighs and back.
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way to 30. If we are to perform lipo-aspiration with fat transfer in mind, then we set 
the dial at 10–12, which equates to a third of atmosphere, ~250 mmHg. In doing so, we 
protect the skin and the harvested fat [21]. VASER also reduces surgeon’s fatigue as the 
more fluid fat the easier it is to aspirate.

The time it takes from fat harvest to fat transfer has a bearing on the retention 
of fat in the recipient site. The shorter the time, the better the uptake with a critical 
period of 2 hours [22]. With VASER making fat harvest more time-efficient, this 
could further aid in better fat retention.

We must consider whether there is a limit of the lipoaspirate volume when per-
forming an abdominoplasty; however, overall, the literature appears to support that 
current limits on liposuction volumes in lipo-abdominoplasty are arbitrary and do not 
reflect valid thresholds for increased complications in the hands of an experienced 
plastic surgeon [23].

8. Breast contouring

Accepting when we think of the word breast/s contouring does not normally stem 
to mind. When talking about breast contouring in the majority, we tend to focus on 
augmentation, reduction, mastopexy and mastopexy augmentation. However, if we 
go back to the basics, the word contouring is to change the shape of something, hence 
by changing the shape of the breast/s we are effectively contouring them [24–26].

Fat transfer to the breasts has become popularised following a change in the views 
about its safety by the American Society of Plastic Surgeons in 2009. It was more than 
two decades when they condemned this procedure due to fear that it may obscure the 
detection of breast cancer [24–26].

In this section, we will focus on breast contouring and fat transfer in the context 
of autogenous augmentation, mastopexy augmentation, asymmetry correction, and 
volume replacement (Figure 9).

The hybrid approach, which includes silicone implants with fat transfer, will also 
be considered. In selected patients, fat transfer is performed at the same time as breast 
reduction surgery; thus, adding fullness to the upper poles and cleavage of the breasts 
(Figure 6).

We must accept that not all patients desire one or the other treatment/s and fat is 
not always available to achieve the goals set out in the agreed pre-treatment planning 
schedule.

Considerations when injecting fat in the breasts include targeting the subcutane-
ous space and pre-pectoral plane, in addition to the breast tissue. Respecting the 
views of others and their practices, however, we do not see a case for transferring 
fat into or under the pectoral muscles and feel that this could add unnecessary risks 
without necessarily improving the aesthetic outcomes.

It is important to keep in mind that the pre-operative breasts’ volume has an influ-
ence on the volume that ought to be transferred. Hence, it is important to appropriately 
counsel the patients prior to treating them as fat resorption will occur and can vary 
between 30 and 70% of the transferred volume within 12 months of transfer [27].

In females who are undergoing fat transfer to the breasts, we include a routine 
mammogram as a baseline in patients ≥40 years of age. As an added safety net, we 
routinely perform abdominal ultrasound screening if we are using the abdomen as a 
fat donor site to exclude any clinically undetected hernias and rectus sheath pathology 
or abnormal anatomy.
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Surgical fat transfer techniques include three steps, fat harvest, processing the 
harvested fat and finally injecting it into the breast/s [28].

The volume of fat required influences the technique for fat harvesting. Early on we 
used a syringe-based mechanical aspiration of the fat and the Coleman centrifuge [29].

However, we now use Vaser for the larger volume fat harvest with a 3.7 mm can-
nula. Our technique includes allowing the aspirated fat to self-separate over a period 
of 30 minutes rather than spinning it with centrifuge, as we believe this reduces the 
trauma to the harvested fat.

The fat is then injected into the breasts using a 10 cc syringe and 2 mm cannula. 
For further refinement, a 5 or 1 cc syringe can be used when required.

Although the literature supports the view that when using the larger harvest can-
nula, the more fat survives. Nonetheless, a balance must be struck between cosmetic 
outcomes and scarring extent [30].

Our experience tells us like others that the less we handle the fat, the better is the 
survival rate when transferred into other tissues [31].

It is important to add that it is best to transfer the fat without significant time 
delay from the time it was harvested and to use a closed system when harvesting the 
fat with the least exposure to air [32].

The fat must be infused with small volume injections and distributed in different 
levels of the breast with the least traumatic method using a retrograde injection tech-
nique to minimise injections into vascular spaces. We aspire to limit the fat transfer 
volume per breast to 250–300 cc (Figures 6 and 7).

If larger volume of fat is required for transfer in a small breast, then pre-surgery 
external expansion is recommended [33]. However, in our practice and contrary to 
the experience of others we find uptake and acceptance for this method of external 
expansion amongst our patients thus far has been very limited.

Figure 9. 
Thirty-year-old female. She had VASER liposculpture to abdomen. She had 340 cc of fat transferred to right 
breast and 220 cc to left breast for the purpose of asymmetry correction and augmentation.
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9. Gluteal contouring

Contouring the gluteal area is synonymous with the Brazilian Buttock Lift (BBL). 
Fat has gained popularity in its use, as a method of adding volume to the gluteal area 
becoming one of the fastest growing procedures in aesthetic surgery, and it is often 
performed as an adjunct to body contouring [34]. In 1987, Toledo presented one of the 
first studies investigating fat transfer in buttock augmentation in the USA [35].

To reduce the risks associated with injecting fat in the buttocks, we inject the fat 
above the muscle using a 5 mm cannula approaching in an acute angle. This angle of 
approach makes it more difficult to penetrate the deeper gluteal muscles layer.

When transferring fat to the buttocks, it is of paramount importance to utilise 
handheld high-definition ultrasound to determine the plane and depth of injection.

In our practice, we do not utilise silicone implants to contour the buttocks as we 
see fat transfer to be a more practical and safer option when performed by appropri-
ately trained Plastic surgeon/s [36].

In our opinion and the collective opinion of others, fat transfer is the gold standard 
for gluteal augmentation, as we feel it gives a natural look to the gluteal area with high 
patient satisfaction [37].

The procedure has been made even safer with the advent of handheld high-defi-
nition ultrasound, which gives a visual on the anatomical location, and depth of the 
transferred fat into the buttocks, thus avoiding the gluteal muscles and reducing risks 
of embolus and vascular origin complications [38–41].

In our practice, VASER is used when harvesting fat for BBL. BBL is usually the 
final stage of 360-body contouring. For simplicity of description, we had attributed 
the terminology the fourth dimension for this combination of surgery (Figure 10).

Figure 10. 
Twenty-four-year-old female. Six months following VASER 360 liposculpture of abdomen, flanks and back with 
800 cc fat transfer each buttock area, Brazilian butt lift (BBL).
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The reason of leaving BBL to the end of the sequence of operative procedures is for 
avoidance of the patient being on her buttocks for the duration of a relatively lengthy 
surgery, thus avoiding unnecessary pressure on the transferred fat.

10. Patient selection

The criteria of patients’ selection for body contouring are unchanged from our last 
published chapter in Enhanced Liposuction New Perspective and Techniques 2022 
[42]. However, when we are considering fat transfer be it for breasts, abdomen or 
gluteal region, we take into account four criteria.

For the sake of clarity, we have listed these criteria as anatomical structures from 
the most superficial tissue layer to the deepest.

These criteria include:

1. Skin, quality, laxity, excess and distribution.

2. Fat, deep and superficial, which is below and above Scarpa’s fascia,  
respectively.

3. The deep fascia and muscles.

4. Surface anatomy and relationship with deep structures.

Why is this important to us?
The skin plays a major role in outcomes. For example, if the skin quality is poor, 

then the skin may need further non-surgical tightening, one example is the use of 
monopolar radiofrequency. In our practice, we use INDIBA Deep-care as our monop-
olar radiofrequency device of choice for its ease of use with very low risks and almost 
non-existent downtime. If the skin has significant excess, then surgical removal is 
warranted, examples are mastopexy and abdominoplasty.

The liposuction of the deep fat is for the aim of debulking the envelope; however, 
liposuction of the superficial fat is for sculpturing it to re-create shadows and light 
reflections to a near perfect body contouring. When adding volume in the relevant 
space/s, we create the fourth dimension.

11. Patient safety

How do we uphold the highest safety levels when considering patients for body 
contouring including VASER liposculpture, fat transfer and excisional surgery?

This starts with patient selection and the appropriate surgery in addition to having 
the relevant instrumentations. Accurate planning is a prerequisite for successful 
cosmetic surgical outcomes. Precise meticulous execution of the surgical plan is 
paramount in achieving the best aesthetic outcomes.

Let us not forget in this equation that the surgeon’s and team safety is equally as 
important as the patient. One simple example is the distance the surgeon’s arm travels 
when performing a large volume liposculpturing procedure.

We calculated the distance travelled in 4–5 hours of 360-body contouring proce-
dure could be in the region of 10 miles; however, if the height of the table is adjusted 
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by few centimetres, this could reduce the distance the surgeon/s hand and upper limb 
travelled by ~25%.

One must remember that a surgeon’s journey is 20–25 years in practice, and this 
type of surgery weighs heavily on his/her joints of the hand and upper limb in addi-
tion to the neck. Hence, one must protect the surgeon and the team as they experience 
the same stresses on their physique during such time intensive surgery with high 
concentration levels, and the environment must be relaxing and harmonious.

12. Summary

Selecting the right patient for the relevant procedure, using the appropriate 
instrumentations whilst having the necessary skills and expertise, is of profound 
importance. Additionally, it is a must to have a well-trained, cohesive team, which 
functions at the highest levels of governance.

These two factors will further contribute to patients’ safety and good surgical 
aesthetic outcomes, whilst minimising risks and potential complications.

On the one hand, such provision of service must have at its foundation an ethical 
patient-centred approach.

On the other hand, aspiring to the continuous development of the team involved 
in the patient journey from the first point of contact and until discharge is of pro-
found importance. This is the ethos on which we have built our practice.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 4

Perspective Chapter: Gluteal 
Augmentation with Complete 
Retromuscular Placement of 
Biconvex Silicone Implants
Valerio Badiali, André Salval and Salvatore Giordano

Abstract

Permanent esthetic buttocks augmentation is on the rise. Fat augmentation or 
Brazilian butt lift (BBL) cannot be a solution for patient with a lean body and poor 
subcutaneous fat deposit. Hyaluronic acid (HA) infiltrations for volume enhancement, 
when used in big volumes, tend to form foreign body granulomas and cysts, which 
are visible and palpable with a poor esthetic result. On the other hand, implant-based 
augmentations have been proposed since the late 1960 of the past century. Buttocks 
implants can be placed in four different planes according to distinct surgical tech-
niques: subcutaneous, subfascial, intramuscular, and submuscular. An alternative to 
the widely proposed intramuscular technique is described in the chapter. Submuscular 
positioning of a biconvex silicone implant is a safe and valuable alternative to other 
gluteal augmentation techniques with a different plane for implant positioning. 
Depending on implant volume, submuscular gluteal augmentation has the benefit to 
perfectly conceal the implant making it almost impalpable and invisible as well.

Keywords: gluteal implant augmentation, retromuscolar, buttocks implants, 
gluteoplasty, biconvex silicone implants

1. Introduction

Gluteoplasty with implants is a growing trend within surgical esthetic procedures. 
Endpoint of the procedure is enhancement of the roundness of buttocks, volume 
augmentation along with outward projection. Permanent and stable results are obtain-
able only with fat grafting and/or gluteal implants placement. Patients with a lean body 
and low gluteal projection have no choice but to undergo gluteal implant surgery, since 
conspicuous donor areas are needed for fat grafting. Gluteal implants may be sufficient 
or can even be associated with fat transfer in a combined procedure [1]. Techniques for 
implant-based buttocks augmentation are divided into subcutaneous, subfascial, intra-
muscular, and submuscular, according to the depth of the plane in which the implant 
pocket is made. The gluteus maximus muscle can be uplifted to expose the “subgluteal 
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Figure 2. 
Gluteus maximus has been elevated and detached from his origin from sacral bone and coccyx. Deep face of 
implant pocket may be seen, with piriformis muscle (blue triangle) and ischiatic nerve (blue dot). G Med: gluteus 
medius.

Figure 1. 
Skin and subcutaneous tissue have been removed to show the superficial anatomy of the gluteal region. Palpable 
landmarks are coccyx (X) greater trocanther (T) and Ischial tuberosity (I). Gluteus maximus fibers run 
diagonally from the origin (lateral margin of sacral bone and coccyx) and insert into the iliotibial band and on 
the gluteal tuberosity.
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cellular space,” as described by Robles et al. in 1984 [2]. To better understand the 
anatomy of the gluteal region, a cadaveric dissection was made by second author 
(A.S.). Ischial tuberosity is an important landmark for the surgery planification, along 
with sacrotuberous ligament; both structures delimit the medial border of the implant 
pocket, in order avoid dissection into the ischioanal space. The deep face of the pocket 
is represented by muscle piriformis, superior and inferior gemelli, internus and exter-
nus obturator, and quadratus femoris. Ischiatic nerve origin is just below piriformis 
muscle in more than 85% of the population [3]. Figure 1 shows superficial anatomy of 
the gluteal region. Figure 2 depicts relevant anatomy of the deep gluteal region.

2. The retromuscolar technique for implant-based gluteal augmentation

Complications of every gluteal implant-based surgery such as seroma formation, 
wound dehiscence, implant extrusion, and/or implant visibility and palpability can 
be greatly reduced with the choice of a submuscular placement of the implant [4–6]. 
Advantages of this surgical technique are short length of skin incisions, very low rate 
of implant exposure or extrusion, short operative time, and full implant concealing, 
making it much less visible and palpable. Downside may comprehend longer learning 
curve, blind dissection, and little range of implants size.

Other gluteal augmentation techniques may have an highest rate of complications: 
implant is visible and palpable when placed in a subfascial plane, especially in patient 
with a thin subcutaneous layer; poor covering of the implant may lead over time to 
fat lamination and skin loosening with infragluteal fold displacement [7] and implant 
dislocation. When the implant is placed in a intramuscular pocket, advantage is better 
concealing, but still there’s a moderate percentage of dislocation due to gluteal muscle 
contraction [8, 9], disadvantage is muscle atrophy and even longer learning curve. 
Submuscular undermining in first cases could be an intramuscular dissection, for the 
fear of damaging the deeper structures. Is such cases, one must remember the anatomy 
and the fact that he/she’s not using any sharp dissection, so damaging structures while 
creating the pocket is seldom a possibility. Perfect dissection should be performed in a 
deep plane (under gluteus maximus muscles) with great safety for the sciatic nerve.

3. Patient selection

The retromuscolar technique is preferred by patients requesting a natural, sporty 
result. Both volume and projection of the buttocks may be improved. Patient with 
skin laxity of the gluteal area must be carefully advised that little change of this 
problem will be achieved, especially at the level of infragluteal fold.

Preoperative indications include patients with minimal gluteal flaccidity and a 
good gluteal muscle tone. Poor candidates may be patients with spinal disk hernia-
tion, sciatic nerve pain and thus should not undergo this kind of gluteal augmentation 
technique.

4. Technique description

Implant selection must be chosen along with patient desires, but first and foremost 
by carefully palpating muscle thickness, volume, and tension at the gluteal midpoint 
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area; the first two are essential to understanding what will be the gluteus maximus 
muscular implant coverage. Authors-preferred implants are biconvex implants from 
the French company Sebbin. Those implants are filled with a very high cohesive gel. 
Implant size range is quite narrow at the moment, presenting sizes of 370, 410, 480, 
and 530 cc. It is preferred to use an implant size ranging from 370 to 410 cc if the 
muscle is very thin or the patient has a narrow hip circumference.

Higher size from 410 to 480 cc should be used if the muscle has regular thickness 
or if the patient has a higher hip circumference. Drawing starts with the patient in the 
standup position (Figure 3). A horizontal line is drawn at the top of the intergluteal 
fold, since this feature will disappear when the patient is in prone position, thus 
ensuring that the incisions will be made entirely within the intergluteal crease to 
conceal the final scar. Subsequently, bone landmarks are identified to define the limits 
of the implant diameter. Those are the trochanter posterior border, i.e., the implant 
pocket lateral limit.

Another point of reference is the ischial tuberosity; from this point the sacro-
tuberous ligament runs toward the sacrum and the course of the lower limit of the 
gluteal muscle: this is the pocket inferior and medial limit. After drawing the point 
of desired maximum projection in which we want to place the implant, we obtained 
the radius of the implant according to implant diameter. Skin incision lines are then 
drawn with the patient laying over the operating table (Figure 4) placing them 1 cm 
lateral to the midline, with intergluteal fold and sacrodermal ligament complete 
preservation. Skin incisions are parallel and a little offset to lower the size of the area 
in between; length is 3–5 cm according to experience of the surgeon and implant 
choice of size.

Figure 3. 
Drawing in the standing position, horizontal line at the top of intergluteal crease and point of maximum 
projection of each buttock.
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Anesthesia can be general, deep sedation, or even spinal. We do not prefer the 
latter due to the fact of dilation of the vein system that could lead to a higher chance 
of bleeding. Patient decubitus is prone and completely flat. Incision lines are then 
drawn as described above and infiltrated with analgesic solution (2 mg epinephrine 
and 20 ml of ropivacaine 7.5 mg/ml for every 1000 ml of saline). This solution is 
infiltrated under the incision lines dermis, in the full thickness of subcutaneous fat 
and the medial border of gluteus maximus fascia; total volume is around 50 ml on each 
side. After that one must take time to wait for the drug onset, around 10–20 minute. 
Then a stab incision is made with a 15-scalpel blade in the middle of incision lines, a 
2.5 mm infiltration cannula is inserted, and the submuscular plane is infiltrated with 
the same solution. This step is very important for the upcoming procedure of pocket 
dissection. The cannula must first pierce the gluteus maximus fascia (a perforating 
sound might be heard), then moved 2 cm deeper, and then turned laterally, to infiltrate 
the solution deeper to the gluteus maximus muscle, in the space between gluteus 
maximus and piriformis medially and between gluteus maximus and gluteus medius 
laterally. A first-time error could be a too superficial infiltration. Subsequently, time is 
taken to allow epinephrine to exert its vasoconstrictive effect. After scrubbing the skin 
with chlorhexidine and alcohol solution and sterile draping, a sterile gauze is tapered 
over the anal region to isolate it. The instruments required for submuscular gluteal 
augmentation have been designed by Petit F as described in his paper [9]. Those are a 

Figure 4. 
Drawing in the prone position, offset of skin incision, 3–4 cm long, parallel, and 1 cm lateral to the midline. Skin 
around the anal region is highlighted in order to avoid incision in that area.
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mayo scissors, a Colin Hartman retractor, two long spacers (Figure 5), forceps, and a 
disposable funnel for implant insertion. No diathermic cutting instruments or bipolar 
forceps are routinely used. After the skin incision, opening continues bluntly in the 
subcutaneous tissue with the scissors to reach the insertion of gluteus maximus at the 
lateral border of the sacrum. In this, dissection is limited in the subcutaneous region 
and over the muscular fascia to keep at a minimum the dead space formation. After 
that muscolar fascia is perforated with the closed scissors, and this tiny hole is enlarged 
by the opening of the instrument while regressing it. Then the surgeon’s index finger 
can access the submuscular cellular space. At this point, the surgeon should maintain 
the depth of the plane of undermining, which is performed bluntly by the fingers with 
a sweeping motion. Care is taken to maintain the undermining superior and lateral 
to the sacro-tuberous ligament, thus avoiding the posterior aspect of the obturator 
foramen. After creating a small cavity by fingers, the long spacers are used to free the 
pocket from the strongest fascial adhesions. A dry laparotomic gauze is then placed 
into it, to keep it wide open and to check for major bleedings. Same procedure is then 
done on the contralateral side, checking for pocket symmetry. With this technique 

Figure 5. 
Surgical instruments needed for pocket dissection and implant placement.
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the sciatic nerve is respected in its integrity because the narrow tunnel is made with 
fingers only as far as the fingers may undermine the muscle and open the pocket. This 
submuscular elevation allows the entire thickness of the muscle to be elevated, ensur-
ing that the implant will be covered by the full thickness of the muscle. Thus, muscle 
fibers’ morbidity is much less when compared to the one observed in the intramuscular 
technique. The implant will rest in a deep pocket with little chance of extrusion since 
muscle contraction will indeed force it to stay in its location. We should remind that 

Postoperative complications (in order of frequency)

Wound Dehiscence

Sciatic pain (more than 10 days postoperative)

Wound skin border superficial necrosis

Wound Dehiscence with infection and atb treatment

Asymmetry in implant pocket placement

Table 1. 
Specific complication in order of frequency.

Figure 6. 
(a) Preoperative posterior view of 38-year-old female patient. A 480 cc implant placement was planned. (b) 
Preoperative lateral view of. (c) postoperative posterior view. 3 month postop. (d) Postoperative lateral view. 
3 month postop. (e) Close-up of scar placement and quality of patient shown in this figure.
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no sharp dissection is used in this surgical technique: Tissues are expanded: fascia and 
muscle are not cut, but once the tunnel is created, the tissues are dilated progressively. 
The disposable funnel allows insertion of the implant through the short skin incision 
and narrow muscular tunnel. Drains are not routinely used. The fascial opening is 
left untouched, and skin closure is performed in two layers: deep subcutaneous is 
brought together with a long, ½ circle needle, on a 2–0 braided absorbable suture, 
then a 3–0 absorbable monofilament close to the dermal plane, by a running bottom 
to top intradermal suture. The patient is allowed to stand up after being positioned in 
a supine position for 1 hour and then walk and sit with little restrictions for the first 
week postoperative. Patients are routinely discharged a few hours after surgery and go 
back home with a low waist elastic compression garment.

Oral therapy for pain control consists of paracetamol 500 mg/codeine 30 mg bid 
and ketorolac oral drops along with a muscle relaxant such as diazepam. Steroids may 
be administered later in case of sciatic nerve irritation. Physical activity (i.e., gym 

Figure 7. 
(a) Preoperative posterior view of 31-year-old female patient. A 370 cc on the left side and a 410 on the right 
side cc implant placement was planned. (b) Preoperative lateral view. (c) Postoperative posterior view. 4 month 
postop. (d) Postoperative lateral view. 4 month postop.
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workout and any other sport) is discontinued for 4 weeks after surgery. The first out-
patient control is 7 days after surgery. The dressing pad is removed, and the incision 
site is cleaned with antiseptic solution.

Immediate and late complications are listed in Table 1.
Cases photography are shown in Figures 6–10.

Figure 8. 
(a) Preoperative posterior view 52-year-old female patient. A 480 cc implant placement was planned, along with 
liposuction of flanks and lipofilling of lateral depressed gluteal region (hybrid gluteoplasty). (b) Preoperative 
lateral view. (c) Postoperative posterior view. 4 month postop. (d) Postoperative lateral view. 4 month postop.
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Figure 9. 
(a) Preoperative posterior view 53-year-old female patient. A 480 cc implant placement was planned, along 
with liposuction of flanks. (b) Preoperative lateral view. (c) Postoperative posterior view. 3 month postop. (d) 
Postoperative lateral view. 3 month postop.

Figure 10. 
(a) Preoperative posterior view 51-year-old female patient. A 370 cc implant placement was planned. Patient 
had a severe laxity of gluteal skin. (b) Preoperative lateral view. (c) Postoperative posterior view. 5 month postop. 
Improved skin laxity, with residual laxity at the inferior gluteal fold. (d) Postoperative lateral view. 5 month postop.
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5. Conclusions

Due to retromuscular plane positioning, implants are invisible in every position 
of the buttock’s region and almost impalpable, giving no clues that the operation 
was performed, for a natural esthetic result. Implant-based gluteal augmentation 
has a long surgical history, which started back in the late 1960s [1]. Intramuscular 
placement of the implant has gained popularity over time when compared with the 
subfascial and subcutaneous plane as it seemed to be the perfect “halfway” between 
deep and superficial placement [10, 11]. The submuscular placement had less appeal 
to surgeons for fear of damaging deep structures such as the sciatic nerve or gluteal 
vessels. This wasn’t the case in our experience: sciatic pain is a postoperative compli-
cation that can manifest up to 3 week postoperatively, treatment includes oral steroid 
therapy for 10 days and common pain-controlling drugs. The submuscular technique 
for gluteal augmentation leads to advantages for both patients and surgeons. Patients 
seeking a more natural appearance are best candidates for this procedure. Surgeons 
can perform this technique in a short operative time and without complex preopera-
tive analysis. Great care must be given to the surgical instruments and to the digital 
undermining, to avoid any damage to the sciatic nerve and the gluteal vessels.
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Chapter 5

Perspective Chapter: Breast 
Reduction with Central Pedicle and 
Autologous Mesh Dermis – Surgical 
Tecnique
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Abstract

Looking to improve the esthetic and functional results of the central pedicle 
technique, we add the dermis mesh shaping and support forming a “central cone” 
to manage the mammary tissue. The periareolar skin agglomeration searches for a 
reduction in horizontal submammary scars’ size. The purpose of this chapter is to 
describe this surgical technique (combination of techniques).

Keywords: reduction mammoplasty (RM), central pedicle (CP), dermis mesh (DM), 
periareolar, nipple-areolar complex (NAC)

1. Introduction

There are multiple techniques of Breast Reduction (BR) [1–3] that look to, along-
side reducing the size, achieve a symmetric pleasant looking shape, stable through 
time with minimal ptosis, minimal scarring, and frequency of complications.

Techniques based on structural support from skin and suture usually end up with 
ptosis and ample scars, because of the weight of the mammary tissue and the expansion 
of the skin and scars. Besides that, the mammary cone loses firmness and projection.

The BR technique based on the Central Pedicle (CP) was initially described by 
Balch in 1981 [4] and popularized by Hester in 1985 [5]. It is a trusted technique 
since the CP has good irrigation and innervation from the perforating branches 
of the fourth and fifth intercostal spaces [6], and if a wide base is kept, it will also 
receive irrigation from the perforating branches of the internal mammarian artery 
and branches from the lateral thoracic artery [5], allowing to reduce great volumes, 
achieve better mastopexies, and preserve lactation [7–9].

In this chapter, we will show the combination of two techniques: CP + Mesh of 
Dermis that produces a stable and well-projected central cone, described by Sampaio 
Goes in 1996 [10, 11] and Circumferential Periareolar Suture described by Benelli in 
1990 [12], which allows reducing the submammary scar. Both of these techniques 
have been proposed in the literature and used separately. By combining them, 
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we pretend to obtain better long-term results in shape, reducing ptosis, and achieving 
minimal submamarian scarring.

This association of techniques has been applied in patients with mamarian hyper-
trophy and great ptosis, looking to reach the ever-increasing expectations of the 
patients [13].

We present here a description of this systematized surgical technique, comple-
mented with a series of images.

This technique, as well as all the images shown here, and the results of a series of 
300 patients who were intervened with this technique, followed and analyzed before, 
during, and after the procedure; were first published in the “Cirugía Plástica Ibero 
Latinoamericana” magazine in March 2021, volume 47, N 1, pages 35–48. Used with 
permission of the editor.

2. Surgical technique

Delineation: All patients are photographed and delineated standing (Figure 1). A 
circle or oval is drawn around the areola marking the borders of the future skin flap: 
(on average) infraclavicular 16−18 cms to the middle clavicular line; 8−9 cm to middle 
sternal line; 6 cm to the inframammary fold, and 10−12 cm to the anterior axillary 
line (Figures 1 and 2) by side. The size of the skin flaps (made of fat and skin tissue) 
depends on the final size of the planned mammary. The circle’s cephalic pole (A) 
(Figure 2) is marked 11−12 cm from the middle sternal line, just like the middle point 
of the lower pole in the new inframammary fold (D) is marked 1 cm over the original 
fold. From A 6−10 cm are measured downward, toward the external (B) and internal 
(C) borders of the circle, since a greater length would produce an increased frequency 
of wrinkles in the skin around the areola. From points B and C, a triangle with a vertex 
1 cm under the middle point between the two points is drawn (Figure 3), which cor-
responds to the future point T (joint point of the scars of the flaps under the areola) 
(Figure 4). The same triangle is drawn in point D (Figure 2), which corresponds 
to future point inverted T (joint point of the scars in the inframammary fold). All 
measurements are confirmed with the anesthetized patient, in a half-seated position,  

Figure 1. 
Photographed and delineated standing.
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Figure 2. 
Preoperative marking scheme [14].

Figure 3. 
Skin triangles in B and C (B point is the same as C in the other side of the breast) [14].
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in the surgical table, utilizing two strings: anchored in the middle line, in the manu-
brium sternum and xiphoid, for better symmetry.

Surgery: The surgery stars with the subcutaneous infiltration of the mammary, 
with a saline solution of 240−300cc in each mammary (1.000 cc of physiological 
saline (PS) + 1 cc of epinephrine +10 cc of sodium bicarbonate (8.4% + 10 ml of lido-
caine 2%). We do the marking of the areola with areolotome of 42 mm, and de-epi-
dermize the skin around and until the initially marked circle (Figure 5), creating the 
dermis flaps with a maximum of 9 cm in the cephalic pole, 6 cm toward medial and 
caudal pole. If the dermis exceeds these measurements, it can be trimmed, but all the 

Figure 5. 
Measurement of de-epidermised dermis flaps.

Figure 4. 
Final assembly of skin flaps [14].
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lateral dermis must be conserved. The skin-fat flaps are shaped with a bevel cut in 
the dermis (future periareolar scar) and then, following the superficial fascia of the 
mammary until the pectoral plane, circumferentially, creating the CP (Figure 6A) 
that is then reduced in four quadrants, slimming it down, and eliminating the excess 
mammary tissue (under the dermis flaps). More tissue is left under the superior 
dermis to give it more volume to the future superior pole, and tissue is eliminated 
in the base as less as possible to conserve irrigation (perforating intercostals of the 
internal mammary and lateral thoracic arteries), creating a tissue tube or reduced CP 
(Figure 6B). Rigorous hemostasis.

The assembly of the mammary starts with the anchorage of the dermis flaps to 
the pectoral aponeurosis and/or CP base in all its outline, shaping a mound or central 
cone (Figure 7A) with nylon 4.0 fixing the position of the nipple-areola complex 
(NAC) (nipple:18−20 cm from the clavicle and 10−11 cm from the middle sternal 
line). Cuts on the dermis flaps are made to relax it (creating a mesh), and they are 
extended in order to fix the tension on the mesh, the nipple position, and the shape 

Figure 6. 
A. Carved central pedicle (lateral view). B. Central pedicle reduction (lateral view).

Figure 7. 
A. Formation of the mammary cone by suturing the dermis flaps to the pectoral aponeurosis and/or base of the 
breast. B. Relaxation incisions in the dermis forming a mesh to modify the position of the CAP and reduce the 
tension of the cone.



Body Contouring – Surgical Procedures and New Technologies

58

of the cone (Figure 7B). Once the central mammary cone is done, it is surrounded by 
the skin flaps creating a double layer, uniting the B and C points of the A-B-C triangle 
that will contain the areola (Figures 4 and 8), Continuous round block on the dermis 
with polypropylene 3.0 with lancet needle (Figure 9), then is tied up calibrating 

Figure 9. 
Start of continuous round block.

Figure 8. 
Suture of points B and C.
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Figure 10. 
The knot is anchored to the dermis.

Figure 11. 
The inframamary fold.
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it with the areolotome (Figure 10), and the knot is anchored to the dermis of the 
cone to prevent superficialization (Figure 10). The skin is sutured in the two layers: 
with colorless nylon 5.0 suture on dermis with separate stitches, and the superficial 
intradermis with nylon 4.0 that is later removed after 14 days of postoperative.

The inframammary fold is marked 1 cm over the original, sculpting the skin 
triangle of 1 cm in point D (Figure 11). The caudal pole’s skin flaps are trimmed 
near the future inframammary fold (Figure 12A and B), and the superficial fascia 
of the chest wall is anchored to the dermis of the cone’s inferior pole with nylon 
4.0, 3.5−4 cm from the bottom edge of the areola, to strengthen the inferior pole 
(Figure 13A and B); then, the inferior pole’s flaps are pulled towards the lower 
middle line (Figure 14A); they are marked and trimmed leaving 4−5 cm in the 
middle edge (vertical scar) (Figure 14B and C).

Two plane sutures of the skin flaps just like the periareolar wound (Figure 15A–C). 
Suction drainage is left in the lateral zone and armpit, which comes out under the 
inferior pole and is removed 1−2 days before medical discharge. All sutures used are 
non-resorbable.

For wound care and bandaging, paper tissue is applied as support for the breast 
for 1 week, until the first wound dressing. The symmetry of the NAC is confirmed 

Figure 13. 
A–B. Anchorage of Scarpa's fascia to the lower pole of the central mammary cone.

Figure 12. 
A. Trimming of inferior pole flaps. B. Extended flaps.



61

Perspective Chapter: Breast Reduction with Central Pedicle and Autologous Mesh Dermis…
DOI: http://dx.doi.org/10.5772/intechopen.107170

with the strings anchored in the middle line (Figure 16) during the structuring of the 
mammaries.

At the end of this work, clinical cases are attached with the aim of demonstrating 
the results of the described technique (Figures 17–19).

Figure 14. 
A and B. C. Definitive carving of lower pole flaps.
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Figure 15. 
A. Initial suture of dermis. B. Complete suture of dermis. C. Final intradermic suture.
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Figure 16. 
First wound dressing.

Figure 17. 
A case example: the three upper images are before surgery, the lower ones are post-surgery (left image is during 
demarcation).

Figure 18. 
A second case example.
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3. Discussion

When analyzing the traditional techniques of breast reduction, in which the 
assembling of the reduced pedicles and positioning of the tissues depend on the skin 
flaps sutured to each other [1–3] and it is them which support the shape and weight 
of the breast, we tend to see how, in many cases, the weight causes the skin to stretch, 
the scar to widen, and in the medium and long term we end up seeing breast ptosis, 
both of the ANP and the inferior pole, causing the breasts to lose shape and firmness.

The combined technique presented here is based on the CP technique (described 
by Bach [4]) that is safe for removing great volumes and pexies [4–10]. It allows us to: 
with the dermis mesh (technique described by Góes [11, 12]) that surrounds the CP, one 
anchored to the aponeurosis creates a stable central cone or mound [10], as a nucleus 
for the future breast, that in its vertex including the projected and positioned NAC. 
The reinforcement of the inferior pole of the dermis cone, with the Scarpa fascia suture 
in its lower third (author’s contribution), would reduce the ptosis of the inferior pole. 
After that, this dermis cone is covered by the skin flaps (double layer), which, with a 
small tension, help in the firmness of the reduced breast. Suturing around the areola in 
“Raund Block” described by Benelli [13], accumulating skin around the areola, allows 
to reduce the inferior horizontal scar, in order to keep it inside the margins of the breast, 
achieving an average of 13,4 cm in the right breast and 13,2 cm in the left (6,5 to 18 cm), 
although it is not enough to talk about reduced scarring in all the cases, particularly 
in big reductions [15]. By cutting the skin 1 cm above the original submammary fold 
(Figure 10), the scar is left in the inferior pole, the compression with silicone becomes 
easier, and its trauma by the breast holder in the postoperative is prevented. A breast 
that is firm, pleasant-looking, well projected, round, and stable with minimal ptosis is 
achieved; just like it was confirmed in the follow-up of the patients and the measure-
ments taken of the nipple to the collarbone and to the submammary fold.

Another difficulty is obtaining adequate breast symmetry at the end of the sur-
gery. This technique allows us to confirm breast symmetry in three stages by compar-
ing the volume of the tissues:

1. When finishing reduces the central pedicles (pulled) and the skin flaps (Figure 6).

Figure 19. 
A third case example.
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2. Once the central cone is formed (Figure 7). The symmetric position of the NAC 
is also verified.

3. When the central cone is covered with the skin flaps (Figure 8), verify the thick-
ness of the fat-skin flaps, suturing them around the NAC and presenting them 
when covering the cone.

This achieves an adequate symmetry in 97% of the cases according to question-
naire done to the patients during the postoperative period [14]. Of these patients, 
57.7% evaluated the results as “very satisfactory” and 37.9% as “satisfactory.”

In all these stages, tissue can be removed if it is necessary for the final symmetry.
In the published series of 300 patients [14], a low frequency of complications is 

reported (11.3%): re-intervened hematomas (1%), localized hematomas treated by 
deferred punction (1.3%), total necrosis of the NAC (0.3%), partial necrosis of the NAC 
(1.3%), necrosis of the skin flap ends greater than 1 cm (2%), fat necrosis greater than 
2 cms (2%), hypoesthesia of the NAC (3.3%). All of these are among average or below 
average frequency of complications described in other techniques [16–21].

In the same series [14], 14.3% of the patients required a surgical touch-up: lateral 
breast liposuction (7.7%), lipoinjection (1%), scar correction (3%), escharotomies 
and re-sutures of the skin flaps (1.3%), removal of fat necrosis (1%). Only one patient 
in the entire series (0.3%) required a major surgical corrective reintervention in 
order to remove some extensive calcified necrosis and reconstruction with bilateral 
implants.

Complications were primarily present in patients with obesity and a smoking 
habit [14].

4. Conclusions

Based on a published series of patients who intervened with this technique [14], it 
can be concluded that it is possible to combine the techniques of CP, autologous der-
mis mesh, and circumferential periareolar, all of them described in Medical Literature 
for reduction and/or breast pexias. The combined technique here utilized is versatile 
in the management of the breasts’ volume and symmetry, also for mobilizing the NAC 
and stabilizing it with dermis mesh anchored to the pectoralis major fascia and the 
chest wall fascia. Also, it produces a stable, well-projected central cone, which, by 
being covered with skin (double layer), can achieve a breast with greater firmness.

The accumulation of periareolar skin with “Raund Block”, allows to reduce the 
submammary scar, in order to not exceed the breast limits.

In our experience, it is a safe procedure, with few complications [14]. Because of 
the good irrigation and sensitivity of the CP, we can reduce major breast volumes and 
preserve lactation, since all the mammarian tissues of the CP are connected to the 
NAC. The obtained breast shape is stable in time, with minimal ptosis of the NAC and 
the inferior pole, achieving high satisfaction with the patients [14].
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Abstract

Infrared thermography can assist in the documentation of inflammatory vascular 
healing reactions and tissue perfusion resulting from esthetic surgical procedures in 
different parts of the body and face. Both in preoperative planning and in its postopera-
tive evolutionary behavior. Infrared thermography is a functional imaging technique of 
cutaneous vascular activity using long-infrared electromagnetic radiation emitted by 
tissue cells. It can accurately identify terminal cutaneous perforating vessels related to 
greater or lesser skin perfusion, non-invasively, quickly, painlessly, safely and without 
emission of ionizing radiation by scanning a segment or entire body in a single image. 
This facilitates the evaluation of patients undergoing lipoabdominoplasty and their 
postoperative follow-up. Monitoring of new techniques and traditional procedures with 
infrared scanning technology helps in the early diagnostic elucidation of complica-
tions (edema, seromas, epidermolysis, hematoma, dehiscence, infection, necrosis), 
evolutionary studies of healing and local effects of thermoguided procedures (such as 
manual therapy, laser photobiomodulation, ultrasound, radiofrequency, hyperbaric 
oxygen therapy) direct the treatment with more objectivity, better results, and safety.

Keywords: thermography, healing, abdominoplasty, postoperative complications, 
abdominal wall

1. Introduction

Physiologic risks of plastic surgical procedures are comparably less than those 
of other surgical subspecialties, as the procedures are typically elective, and usually 
performed in relatively healthy subjects. Most common postoperative complications 
include infections, local anesthetic systemic toxicity, electrolyte and hematologic 
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abnormalities, intravascular fluid shifts, deep vein thrombosis, and wound complica-
tions (hematoma, ecchymosis, swelling, seroma, tissue edema, localized pain, nerve 
damage, infections, and cellulitis). In a lipoabdominoplasty systematic review 5.6% of 
wound infection, dehiscence, or fat necrosis; 4.1% of seroma; 0.8% hematoma; 0.2% 
deep venous thrombosis; and 0.7% scar deformity [1]. Studies on the use of thermogra-
phy in the plastic surgery field are promising. Most of them verified the use of infrared 
thermography to assess perforating vessels’ location and quality in the pre, intra- and 
postoperative period and concluded that the thermographic examination helps in plan-
ning the surgeries and more efficient results with a reduction in complications [2, 3].

So, it is important to review the literature regarding the use of infrared thermog-
raphy, exposing how it works as a complementary functional bedside exam; and 
discussing what is known about the applicability of this method in abdominoplasty 
post-operatory complications.

2. Methods

2.1 Infrared imaging (thermography)

Infrared thermography is a non-invasive, non-contact, non-ionizing, functional 
imaging method for direct measurement of skin temperature surface and indirect 
measurement of skin perfusion, microcirculation, inflammation, metabolism, and 
sympathetic vasomotor nerve activity, providing a surface temperature distribution 
map. The assessment of skin perfusion through the identification of arterial-per-
forating vessels, with their location visible on thermography as skin “hot spots” [4] 
by thermography has been used in plastic surgery with good success. However, skin 
temperature and skin blood flow were not linearly correlated. While skin temperature 
can be used to study thermal physiology, it should not be considered a substitute for 
dermal blood flow.

The human body emits thermal radiation, and there is a correlation between the 
energy of the thermal radiation and the temperature of the skin. Infrared thermogra-
phy is a method of remote scanning of the human body that identifies areas of greater 
or lesser brightness of infrared thermal radiation. According to the Stefan-Boltzmann 
law, the greater the radiation emitted by a body, the greater its temperature – 

= εσ 4W T ,  where W  is the rate of emission of infrared radiant energy (W/m2), ε  is 
the emissivity of the body (0.98 for the human body), σ  is the Stefan-Boltzmann 
constant (5.7 x 10−8Wm−2 K−4), and T  the body temperature (K). To maintain its 
internal thermal homeostasis, the body exchanges heat with the environment (con-
duction, convection, evaporation). The energy emitted in the form of infrared 
radiation represents 60% of the total, with 80–90% doing so with a long wavelength 
of 8–15 μm when the person is exposed in a room at 23°C for 15 min. The thermal 
transducer can detect the infrared radiation emitted by the skin surface and generate 
an entire body surface thermal map image.

Skin temperature depends on the cutaneous and subcutaneous tissues’ vascular 
supply and skin thermal conductivity as it is affected in different cutaneous patho-
logical situations. Localized blood flow changes related to capillary system alterations 
can induce changes in skin temperature and therefore reveal skin inflammation, 
ischemic areas, or cellulite [5]. Consequently, monitoring skin temperature would 
provide information related to the blood flow throw the skin [6].
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2.2 The perforating vessels thermal concept

The subcutaneous tissue contains small and medium-sized arteries, crossing  
the hypodermis in two ways: a) perpendicular, where the path crosses the fascial 
and subcutaneous layers to reach the skin (perforating arteries); b) longitudinal, 
the course where they cross the subcutaneous tissue in an oblique course follow-
ing the superficial fascia for extensive lengths. Vessels follow, in subcutaneous 
layers, the retinacula – that provides protection to vessels and prevents their 
displacement when the skin is pulled –, to go perpendicularly from the deepest 
skin planes. Around the retinacula, the vessels have a tortuous path with many 
curves. So, when the skin is lifted, the vessels can stretch without damage.

The areas of greatest thermal leakage correspond to the exit sites of subcutaneous 
axial vessels called perforating vessels, that perfuse a certain cutaneous area (angio-
tome). 97% of the perforating cutaneous vessels observed on Doppler ultrasound 
coincide with thermal points presence (hot spots on thermography) [7]. Doppler 
ultrasound locates perforators at a deeper level, whereas thermography locates 
them more superficially (under the skin surface). As such, they showed that no cold 
challenge may be necessary. Blood vessel expansion, and consequent flow volume 
increase of these perforating vessels, are sympathetic neurovegetative nervous system 
controlled. So, poorly myelinated sympathetic fibers control the cutaneous perfusion 
of their corresponding dermatome/angiossome. Cutaneous microcirculation has 
a thermoregulatory function, being essential for steady body temperature main-
tenance. Although the volume of the capillaries is small, their surface area is large 
compared with other skin vessels.

Physiological regulation of cutaneous microcirculation includes sympathetic acti-
vation, which causes vasoconstriction. The sympathetic cholinergic system is mainly 
involved in vasodilation. Endothelium-dependent vasomotion implicates nitric oxide, 
prostacyclin, endothelium-dependent hyperpolarizing factors, and endothelin. 
Variations in skin blood flow result from highly complex interactions between these 
mechanisms, and perfusion assessment for the impaired cutaneous blood flow early 
detection may alert clinicians to microvascular changes as a marker of tissue viabil-
ity. In certain situations, thermal stress can be performed to produce skin cooling 
and vasoconstriction and, subsequently, thermal images can be obtained during 
the cutaneous rewarming process using the perforating cutaneous vessels [2–4, 8]. 
Thermography reinforces the importance of performing local healing treatment at 
thermal points, rather than at an arbitrary location on the skin.

The manual or bioelectrical mechanical thermal point stimulation in a richly 
vascularized and innervated area explains much of the local and segmental effects of 
post-operative care procedures, by vascular activation, and by the peripheral sensory 
and sympathetic neurovegetative nervous system [9]. Infrared thermography permits 
evolutionary studies of healing and local effects of thermoguided procedures (manual 
therapy, laser photobiomodulation, ultrasound, radiofrequency, hyperbaric oxygen 
therapy [10–12]) near perforator vessels directing treatment with more objectivity, 
better results, and safety.

2.3 Bedside post-surgical thermography method

Patients must be instructed to not have a hot bath less than 2 h before assess-
ment, not to use any topical substance on the skin, fastening for at least 3 h before 
the exam, and not to take stimulant substances (coffee, alcohol, cigarettes, etc.) 10 h 
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before examination. An infrared thermography exam is usually performed 24 to 48 h 
postoperatively, before hospital discharge, and on the 5th, 25th, and 27th day after 
the operation. Captured thermal images are obtained using a double spectroscopy 
infrared-visual camera, 320x240 pixels image resolution, thermal sensitivity of 0.05°C 
and cutaneous emissivity set at 0.98, in a room with 23 ± 1°C controlled temperature, 
relative humidity less than 60%, and minimum air convection of 0.2 m/s. Patients rest 
comfortably, without abdomen covering clothes. First images should be taken 15 min 
after dressing removal, and captured at approximately 50 cm at straight angles. These 
images, in the double spectroscopy mode, are processed using specific color scales 
and oriented to a three-dimensional qualitative study using the Hypermax® function 
(Figure 1C, F, I and L; Figure 2C; Figure 3C and F; Figure 4 and Figure 5C, F and I), 

Figure 1. 
Patient undergoing liposuction associated with mini-abdominoplasty and diastasis correction. On the 2nd 
POD progressed to infraumbilical pain and burning sensation, and the strap was removed. An area of possible 
tissue suffering was observed (B-C). Immediate indications for hyperbaric and ozone therapy to delimit the 
area and surrounding tissue oxygenation. Thermographic follow-up on subsequent days maintenance of daily 
hyperbaric therapy and ozone therapy on alternate days (via bag) in the abdominal region. On the 7th POD, 
showing delimited epidermolysis and central necrosis (D-F). On 12th POD, a change in the tissue appearance 
(G) (carapace more rigid in the lower third) evolving with dehiscence in the scar area, with correspondent 
hyporadiation (H-I). Initial option of autolytic debridement and special dressings (vacuum) to prepare for future 
corrective surgical intervention. Hyporadiation area (K-L) smaller than before (B).
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and quantitative study using automated tables and graphs of authors developed specific 
software (VisionFy®, Thermofy, Brazil).

With the development and greater precision of infrared transducers, it is now pos-
sible to combine them with automatic evaluation through medical analysis software 
and obtain automatic recording in real-time, with high precision, establishing the 
continuous dynamics of certain thermal points, and the immediate and late effect of 
local post-surgical healing treatment.

The image analysis process extracts parameters describing the overall skin 
temperature (median T°; T° amplitude), the homogeneity of the temperature (Sa, 
Sz, Sq), and the visual contrast between hot and cold areas on the images (number 
and surface of cold and hot areas). Standard roughness parameters (Ra, Rz, Rq) are 
extracted from these images to capture the changes in skin temperature homogene-
ity – Roughness Average (Ra) is the arithmetic average of the absolute profile heights 
T values over the evaluation length; Average Maximum Height of the Profile (Rz) is 
the T average of the successive values of RTi calculated over the evaluation length. 

Figure 2. 
Another patient undergoing lipoabdominoplasty, with diastasis correction on the 5th POD, with ecchymosis areas 
(burn, hemosiderin deposition), without signs of pain or local burning. Thermographic imaging (A) helped in the 
conservative management choice in the abdomen, and therapy in a small hyporadiant cold area at the scar (left 
iliac fossa) (B). After removal of the surgical glue, the patient presented with an intact scar, and the skin evolved 
only with brownish spots.

Figure 3. 
Patient on the 8th POD of reduction mammoplasty and abdominoplasty scar correction performed 1 month 
early. When using surgical glue, it is possible to identify cold-hyporadiating areas (A, B, and C), with possible 
dehiscence. Tissue repair therapy with photobiomodulation, manual therapy, and local ozone therapy was started 
(D, E and F), 2 days after the first images.
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RMS Roughness (Rq) is the profile height T root mean square average over the evalu-
ation length. The scale proposed in the literature evolves from a uniform hot skin 
to a “leopard” pattern skin and finally to a uniform cold skin. Thus, the overall skin 
temperature and homogeneity are related to skin complications.

For thermal image analysis, in the case of lipoabdominoplasy, Huger zones, 
reviewed by Matarasso [13], can be used as a region of interest (ROI) reference, which 
considers the anterior abdominal wall vascular anatomy and that region’s blood supply. 

Figure 4. 
Patient in the first week of high-definition liposuction, presented with hyporadiant area in the right flank and 
iliac fossa, with seroma-suggestive signs. No pain or other inflammatory signs.

Figure 5. 
Patient on the 5th POD of definition liposuction, using a device to promote skin retraction. Started hyperbaric 
therapy on the 1st POD. A-C, showing the frontal view, D-F right view, and G-I left view. The iliac fossa area 
evolved only with hypercromia, without necrosis and tissue loss. Area of intense ecchymosis (showed in D), evolved 
later to an area already identified with necrosis (past 11th POD). The left area evolved only with hyperchromia, 
with no signs of necrosis and tissue loss.
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The ROI SA3 (caution) was chosen, where two ROIs were determined in this area: 
ROI1, at the highest point (supra umbilical); and ROI2, at the lowest point above the 
suture, due to random and axial blood supply to the abdomen. To assess complications 
risk due to ischemia or tissue inflammation the values of the delta-R (ΔTR), and differ-
ence in minimum ROI1 temperature with minimum ROI2 temperature were calculated.

3. Results

3.1 Hyperradiant areas (inflammation, infection)

Resende et al. [14] published the results of two clinical cases with thermal imaging 
monitoring of lipoabdominoplasty healing process, in the immediate postoperative 
evaluation, using the delta-R methodology: 1) ΔTR = 0.4°C on 1st postoperative date 
(POD), decreasing to 0.1°C on 5th POD, without complications; and 2) ΔTR = 1.7°C on 
1st POD, remained high (ΔTR = 2.2°C) on 5th POD (evolving to surgical scar necrosis). 
ΔTR thermal index may be a new tool for predicting possible complications, comple-
menting the clinical evaluation, and therapeutic decision-making was the conclusion.

Cicatricial complications in Plastic Surgery can arise from blood stagnation (ther-
mographically represented by greater energy leakage), which can be generated by a 
local, systemic etiological factor, or a combination of these. In tissue ischemia, there 
is a decrease in tissue perfusion and local oxygen diffusion, causing a deficiency of 
elements responsible for cellular mitochondrial metabolism, and the typical sensation 
of discomfort, heaviness, or pain. This blockage can be aggravated by bad positioned 
external compressive factors presence (compression mesh and abdominal splints) or 
local infectious factors that prolong and accentuate the process. More than 90% of O2 
consumption in humans is due to mitochondrial metabolism, which is used to gener-
ate ATP, which fuels cellular processes such as during wound healing, and generates 
tissue repair energy, which consequently leads to a hypermetabolic state. About 
55% of the energy is lost as heat, the rest in enzymatic-cell reactions. Every time the 
chemical energy contained in ATP molecules is transferred to the functional systems 
of cells, more energy is dissipated as heat. Also, ATP induces endothelium-dependent 
vasodilation. Acute inflammation following the injury process (NADPH oxidases and 
nitric-oxide synthases related) also produces more heat. Therefore, skin temperature 
increase in the initial healing process is normal and expected.

Therapeutic post-surgical techniques consist of manual and physical means of 
application on the body surface, to restore tissue healing, energy balance of this 
system, and promote remission of post-operative symptoms, and thermography has 
been used in the therapeutic application of plastic surgery, diagnosis, and selection 
of cutaneous perforating vascular points to being closely stimulated, as well as for 
real-time assessment of the immediate effects produced by patient’s rehabilitation 
intervention and reassessment. There is a temperature gradient between the thermal 
spot location and the surrounding tissue, that is, there is a significant thermal differ-
ence between the location of the spot and the neighboring tissue [15].

3.2  Hyporadiant areas (swelling, seroma, epidermolysis, hematoma, necrosis, 
dehiscence, fibrosis)

Normal abdominal surface infrared emission usually has a mottled pattern of 
heat gradations, normally varying about 1°C. In the central region, there is a hot spot 
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caused by the depression imprinted by the umbilicus cross-radiation. The underlying 
areas of fat are good insulators and tend to decrease skin temperature as they become 
thicker. Places of blood accumulation, such as bruises or very inflamed skin, raise the 
skin temperature locally. In contrast, benign processes, and other regions of low meta-
bolic activity, such as hair, seromas, epidermolysis, ecchymosis, gangrene, dehiscence, 
and necrotic tissue, are hyporadiant (Figure 1B, E, H, and K; Figure 2B and E).

Temperature differences between wound and reference skin territories could 
provide a possible infection risk thermal “signature”, with “cold spots” proposed as a 
marker of an “avascular” region along the incision site [16]. The maximum tempera-
ture difference between healthy reference abdominal skin and wound site exceeds 
2°C in developing surgical site infection (SSI) suspects. 1°C reduction in abdominal 
temperature led to a 3-fold raised odds of infection. A 1°C temperature widening 
between ROI2–ROI1 (wound minus abdomen) was associated with an odds ratio 
for SSI of 2.25 (on day 2) and 2.5 (on day 7) [17]. “Cold spots”, due to a reduction 
in cutaneous blood flow, were observed along the scar from day 2 in many women 
who later developed SSI (wound being observed “hotter” than the abdomen on the 
thermal image).

Cutaneous necrosis in abdominoplasty can be presented visually simply, as signs 
of self-limited epidermolysis and small dehiscence until extensive necrosis with 
loss of substances in deep planes [13]. In the immediate postoperative period, the 
expected physiological effect is an increase in blood flow, with a consequent increase 
in temperature, the inflammatory process inherent to tissue healing. The normally 
expected drop in the wound infrared emission occurs 1 to 3 days before the rapid 
increase in tensile strength. Temperature peak coincides with the increase in muco-
polysaccharides in the scar (Figure 3A and D), an essential component for collagen 
formation. A decrease in infrared emission is associated with the “collagen phase” of 
wound healing. In the case of infection or wound dehiscence, there is a prolongation 
or plateau of infrared emission, indicating a delay in healing.

It is possible to use thermal imaging to detect accentuated hyporadiation, as 
observed in Figure 3 and, consequently, a situation of decreased perfusion is much 
more sensitive than visual or tactile clinical evaluation. Only the central area pro-
gressed to superficial necrosis, which justified maintenance of conservative care 
(bandages) without surgical intervention (different from Figure 1 case). There is 
always the possibility of reducing blood flow in the region surrounding the surgical 
incision, with consequent impairment of oxygenation and nutrients delivery to the 
wound, so the authors suggest calculating the delta-R (ΔTR) in SA3 region using 
the minimum temperature between ROIs 1 and 2, as between these areas the main 
angiosomes and perforating vessels responsible for the nutrition of the flap (critical 
area) are located [13]. In any surgery, there is a possibility of reducing blood flow in 
the specific region to the surgical incision, with consequent impairment in oxygen-
ation and delivery of nutrients to the wound. The importance of checking reference 
values for normal and pathological deltas (such as ΔTR) in early monitoring of the 
healing process in plastic surgery is emphasized to serve as safer parameters for early 
decision-making.

Subcutaneous fat may be related to postoperative wound complications. 
Abdominal subcutaneous tissue thickness represents a significant risk factor for 
infection in the abdominal wound incision region [18]. Using the gold standard 
Dual-Energy X-Ray Absorptiometry (DXA) and bioelectrical impedance with 
infrared thermography [19, 20], women exhibit lower values of surface temperature 
than males on the abdomen, which was related to a higher body fat percentage in this 
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gender. Higher body fat percentages are related to lower skin surface temperature in 
the abdomen. It appears to be a greater risk of infectious complications in the cooler 
abdominal wall, in women.

The adipose tissue affects heat emission processes in obese women because the 
skin microcirculation is impaired in these areas (vessels <150 μm in diameter). 
Larger fat lobes decrease local vascularity. In the large-deposit white adipose tissue, 
essentially peri-umbilical, cells are concentrated and linked by a weak net of collagen 
fibers. Collagenic components are very poor, cells are large (95 μm) and few blood 
vessels are present. There is a structural absence of capillaries and arterioles, and 
the microcirculation is formed by thin-walled capillaries with rare stem niches [21]. 
The subcutaneous region also includes the venous plexus which strongly influences 
skin temperature. Poorly vascularized areas of those rich in fat tissue have a lower 
temperature.

We observed that the seroma and hematoma presence are usually hyporadiating 
in thermal images (Figure 4), and have a more diffuse distribution, not limited to 
the anatomical area and the angiosomes of that region (Figures 4 and 5). Greater 
differences in temperature (ΔTR) may suggest, in addition to the impairment of 
microcirculation and metabolic tissue activity, more serious complications are, and 
worse the prognosis. In lipoabdominoplasty postoperative period, hyporadiating 
areas were related to microcirculatory complications (hematomas and seromas). 
Greater temperature differences in the caution area may suggest necrosis. It is 
recommended to avoid excessive liposuction, closure under tension, and very tight 
compressive meshes use, to reduce the risk of ischemia [1, 22]. Similarly, edema 
formation and liquid stasis in the extravascular spaces should be avoided (as they 
can lead to the plugging of small local vessels) [23]. It is important to remark that 
the meshes fold in the abdomen midline, regardless of the type of compressive mesh 
used; these folds can exert greater pressure on the midline of the abdomen and can 
decrease blood flow [13].

Long arteries are usually connected by long anastomoses, which form longitu-
dinal arches arranged in the deep subcutaneous fat tissue. All the capillaries of the 
fat lobules originate from these oblique arteries. Subcutaneous tissue is arranged in 
anatomical units or compartments, and each anatomical compartment is associated 
with an identifiable artery and vein [24]. These compartments could correspond to 
the abdominal quadrants, and the specific organization of the superficial fascia and 
retinaculum cutis defines the subcutaneous compartments, and the distribution of 
these vessels.

All subcutaneous arteries participate in the formation of two freely communicat-
ing subcutaneous plexuses: the subpapillary plexus, just below the papillary dermis; 
and the deep plexus, within the superficial fascia. Only one-fifth of the capillaries are 
needed for skin vascularization, while the others involve thermoregulation function. 
The deep plexus arteries have many arteriovenous connections, that provide shunts 
that control blood flow to the skin and, consequently, regulate body temperature. 
Dilation and narrowing of subcutaneous arteries determine skin temperature and 
color. The marked pallor of the skin seen in acute shock is a result of the vasoconstric-
tion of the arterial plexus in the hypodermis. It can be assumed that a fibrotic super-
ficial fascia over time could suffocate the arteries within it, thus changing skin color 
or even chronic skin ischemia. Chronic ischemia can increase subcutaneous fibrosis, 
creating a vicious circle, and persistent cutaneous cooling, with a well-defined local 
hyporadiation. If arteriovenous shunts become deficient, thermoregulation change 
may occur, thus resulting in sensations of excessively hot or cold skin.
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4. Discussion

A selection of healthy thermal points for therapeutic treatment with thermo-
graphic support, compared with the conventional blind treatment, without the use 
of thermography in the postoperative abdominoplasty period, was examinate. The 
thermo-assisted group had a reduced number of sessions, complications, and shorter 
treatment duration in our experience. Additionally, studies have been conducted 
in which the diagnosis is obtained according to the symptoms and thermographic 
images in the patient’s pain area. Based on this assessment, selected points distant 
from the patient’s pain area were selected for the local heat treatment application, 
while using thermal imaging, to objectively observe the temperature modulation, 
with a rise between 0.5°C and 2°C in the cold symptomatic area and decrease in the 
inflammatory, coinciding with pain relief (Figures 1–5).

Recently, other non-invasive means have shown promise for treating postopera-
tive complications as they do not cause pain and increase local microcirculation with 
increased temperature when applied to thermal points. Thermal imaging ROI showed 
that additional stimulation with a multimodal infrared light-emitting diode (IR-LED) 
pad (700 nm to 1000 nm range) caused 113% increase in temperature, compared to 
stimulation without IR-LED. Photobiomodulation had significant effects on cutane-
ous vascular stimulation.

Infrared thermography can be the key to identifying specifically the main limita-
tions of a given wound, by evaluating its vascular tone. For example, the supply of 
oxygen and nutrients to the wound bed is provided by adequate blood flow to the 
healing site, whereas hypoxia delays healing. Reduced blood flow in the surround-
ing wound incision region causes a disbalance in oxygen and nutrients delivery to 
the wound, adding slow wound healing risk, or infection, by creating areas of skin 
commensurate with “low-perfusion”. Wound pO2 correction alone can trigger healing 
responses such as vascular endothelial growth factor expression, angiogenesis, and 
fibroblast stimulation, as optimizing wound perfusion provides supplemental O2 that 
reduces the incidence of postoperative infections [25].

Chronic ischemic wounds are essentially hypoxic, which is incompatible with 
tissue repair. Among the causes that can decrease the temperature at the lipoabdomi-
noplasty site, and cause moderate-to-mild hypoxia, is a sympathetic response to pain, 
hypothermia, and anemia, caused by major blood loss. Tissue at the near-anoxic sites 
will be vulnerable to necrosis, that in turn may propagate secondary tissue damage 
and infection. These areas of low perfusion and oxygenation, vascular “dead-space” 
region, possibly due to seroma or edema, may be heterogeneously distributed in the 
surgical site, creating true pockets with different levels of hypoxia. It is important to 
identify these cold spots through thermography as irregular cold “islands” distributed 
throughout the abdomen; and to thermally compare these areas with normal areas, 
as located within a higher average temperature, and blood flow, wound region, by 
averaging the temperature values.

Analyzing the extent and number of “islands” of low temperature within the 
wound, with the contribution of the adjacent healthy abdominal temperature, will 
improve the early identification of tissue complications. By mapping the abdominal 
wall skin temperature using thermal imaging, the aim is to assess the subtle changes 
in wound skin perfusion/oxygenation, and adjacent tissues, in the first days after 
surgery. The objective is to anticipate the signs and symptoms regarding post-surgical 
complications of infectious or non-infectious origin. There is still a lot to study about 
how to prevent post-plastic surgery complications. Measuring skin temperature by 
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thermography to assess wound blood flow, and adjacent thermal territories, has the 
potential, as a non-invasive, independent imaging option, to identify “at risk” tissue. 
“Hot” or “cold” skin spot identification, proportional to regions of high or low blood 
flow/hypoxia, has the potential to shed light on the underlying mechanisms that lead 
to infectious and non-infectious wound complications.

The knowledge of the relationship between emitted long-wave thermal radiation, 
skin temperature, and blood flow in the abdominal incision region can offer a practi-
cal bedside functional imaging solution to broaden assessment criteria for wound 
prognosis from the visible spectrum to the infrared region.

Observing the wound map in “infrared”, and measuring the temperature of 
the abdominal territories, offers a new perspective on wound assessment with an 
easy-to-perform technique as a complementary propaedeutic approach to exploring 
cutaneous microcirculation/hypoxia. Therefore, the authors of this study believe that 
surgeons and researchers consider the use of infrared thermography in post-operative 
abdominoplasty, to study the healing tissue and, if thermally identified, perform 
early intervention to avoid major complications.
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