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    The Road Less Traveled 

 Body sculpting with implants is something that surgeons have been doing for 
over 50 years, since the advent of breast augmentation implant procedures 
in the early 1960s. I personally have been performing body implant surgery, 
outside of breast augmentation, for over 20 years and have seen all manner of 
patients and conditions requiring or wanting muscle sculpting. The fi rst body 
implant procedure that I became familiar with was, of course, breast aug-
mentation surgery. I think most of us that do body implants begin with breast 
enlargement procedures and grow into doing other muscle augmentation pro-
cedures. Breast augmentation is a relatively facile procedure with immediate 
results for both patient and surgeon. It is for that reason that muscle augmen-
tation procedures are equally gratifying—immediate gratifi cation. 

 My experience with body implants began just over 20 years ago when 
there was a patient that wanted to have a calf enlargement procedure. It was a 
procedure that I had not performed to that point but was willing to learn. I 
went to Dr. Bircoll in Beverly Hills and watched him perform several calf 
enlargement procedures. The procedure appeared to be technically easy to 
perform with results that were good. Since beginning calf augmentation in 
the early 1990s, I have performed calf augmentation procedures on body 
builders, on patients that had diffi culties with clubfoot deformity and con-
genital defects of the legs, and on patients with acquired asymmetries from 
trauma. Calf implants have really served well in helping these patients to 
achieve symmetry and improved self-esteem. 

 The early work with calf implants made me wonder about augmenting 
other muscle groups. It was around that same time period that another patient 
approached me about doing buttock augmentation. I was aware of the work 
done by Gonzalez Ulloa    in Mexico City. He had used silicone gel prostheses 
placed on top of the gluteus muscle to augment the buttock region. Some of 
his early works were done with patients that had suffered deformities in the 
gluteal region as a result of trauma or injections of various fi ller materials 
with subsequent infection and necessity to reconstruct the gluteal area. After 
reading about some of his early cases, I was intrigued and began studying the 
anatomy of the region and considered the possibility of placing the gluteal 
implant under the gluteus maximus muscle and on top of the gluteus medius 
muscle. Robles had published about a procedure where he had placed the sili-
cone prosthesis under both the maximus and medius muscles but saw that 
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sciatic irritation was produced because of the proximity of the implant to the 
sciatic nerve due to deep implant placement. After reading about his work, I 
spoke with my professor and mentor, Ivo Pitanguy, about the possibility of 
placing the implant above the medius muscle. He encouraged me to proceed 
with the idea. Similarly, my discussions with Richard Webster resulted in 
words of encouragement for placement of the implants below the gluteus 
maximus but above the medius muscle. I then proceeded to design an ana-
tomic solid silicone implant as the implants at that time were very hard and 
diffi cult to position under the gluteus muscle. Our initial results on 20 patients 
was published in the  American Journal of Cosmetic Surgery  in 1997. All of 
the patients in the series had a good cosmetic improvement without evidence 
of sagging as the prosthesis was well supported by the overlying gluteus max-
imus, which acted as a hammock for the prosthesis. In the original buttock 
augmentation procedures, it was my custom to place the incision in the supe-
rior portion of the buttock; however, this left noticeable scars. I then adapted 
the technique of Gonzalez Ulloa and placed the implants through an interglu-
teal incision. The original implant that I had designed was manufactured for 
me by ABT Corp. and measured 4.1 cm in length by 12.5 cm in width by 
2.8 cm in height. 

 After my work in buttock augmentation, I began to explore pectoral aug-
mentation. In evaluating the work of existing surgeons, I noted that the 
implants were not well supported in the lateral aspect. In order to correct this 
matter, the pectoral augmentation procedure was modifi ed through the axil-
lary approach to include reinforcement in the lateral aspect. The pectoralis 
was well visualized during the operative procedure and was then re- 
approximated to the lateral chest wall/rib periosteum to prevent lateral migra-
tion of the implant and palpability of the lateral portion of the implant. 

 As the popularity of the pectoral augmentation procedure grew, there were 
more and more patients asking for augmentation of their arms as well. It so 
happened that I was attending a course in New York City hosted by Sherrell 
Aston    when a publicist asked if I was doing any other sculpting procedures 
with implants. My offi ce manager at the time was with me in New York and 
said to the publicist that “Dr. Chugay is considering doing biceps augmenta-
tion in the near future.” The publicist was all excited and then called me for 
more information. Hating to make my offi ce manager out to be a liar, I had to 
come up with a biceps augmentation procedure. In my initial work, the 
implant was placed in the submuscular plane. This, however, caused signifi -
cant postoperative pain and involved more risk in the process of dissection. 
Later, I began to place the implants in a subfascial plane that improved the 
safety of the procedure. The procedure was initially designed to help patients 
that had suffered trauma to the biceps muscle and had a depression or defor-
mity in the area of the biceps. It was also quite useful in reconstruction of the 
arm when large tumors had been excised and created asymmetry between the 
two extremities. I found it equally useful in giving patients more volume in 
the area of the biceps when they were unable to achieve that added volume 
through exercise on their own. Later, as the procedure became more popular, 
I had body builders wanting the procedure done as the incision was well hid-
den in the axilla and amplifi ed their already large arms. Our work in biceps 
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augmentation has been published in the  American Journal of Cosmetic 
Surgery , and it continues to be a popular surgery with excellent results in over 
200 patients. 

 Triceps augmentation came as a natural add-on to the existing list of mus-
cle augmentation procedures. Quite a number of patients wanted to have their 
triceps enlarged, and I developed an implant to position in the triceps region 
along the long head of the triceps muscle, beneath the fascia. 

 Next, in the list of muscle augmentation procedures came the development 
of the deltoid augmentation procedure. At the time that I had developed the 
triceps implant, I had a patient that presented with marked hypoplasia of the 
right deltoid. He was a principal of a high school and had been bothered for 
some time by his students about the asymmetry of his arms. He had under-
gone multiple procedures to improve the deformity but without signifi cant 
results. So, he asked me whether I could design an implant that can be placed 
in the area of his rudimentary deltoid muscle, perhaps submuscularly, that 
would give him the bulk and the volume that he wanted. So, I had an implant 
developed for me by Aesthetic and Reconstructive Technologies, Inc. (AART, 
Reno, Nevada). Since they had helped me in enhancing my gluteal implant 
and biceps implants and developed my triceps implant, I knew that I could 
trust them with this new adventure. Within a few weeks, we had the deltoid 
implant ready. The surgery was then scheduled. Plans were made for an inci-
sion right over the deltoid muscle. Dissection would then be carried through 
the rudimentary deltoid muscle to a submuscular plane. Postoperatively, the 
patient was ecstatic with the result even though the improvement was not 
dramatic and he was not perfectly symmetric. To him, the change was huge 
and it gave him more self-confi dence, thereby achieving our goal with the 
procedure. 

 So the saga continued. Next, in our list of muscle augmentation procedures 
came hip augmentation. I had a transgender patient that approached me about 
the possibility of building out her hips. The patient had a masculine and very 
narrow hip area which she wanted to have made into a more feminine hip. We 
designed an implant that was very similar to some of the smaller buttock 
implants, made of a soft silicone material. In this patient, we placed our cus-
tom-made implant on top of the fascia lata, in a very superfi cial position. The 
patient was ecstatic with the result; but, I was not entirely pleased as you could 
still see the well-delineated edges of the implant. The capsule that formed 
around the implant was also visible when the patient was examined months 
after the procedure. I proceeded to develop a procedure where the implant 
would be placed right along the lateral aspect of the femur. The implant was 
placed under the fascia lata, over the top of the femoral shaft. My early experi-
ence with this procedure was similarly published in the  American Journal of 
Cosmetic Surgery . Since that time, I have had quite a few patients, particularly 
Asians with poor development of the hip area and transgender patients, benefi t 
from the procedure. We have also seen females with developed hip regions, 
wanting more of a Kardashian or J Lo fi gure, benefi t from the implant in the 
lateral hip/thigh region to create a more accentuated  hourglass fi gure. 

 Now, after all these procedures, you will naturally ask what comes next. 
Well, we are looking at various options. There are some implants available 

Preface



viii

for six-pack abdominal augmentation. However, these implants can shift and 
produce very unnatural results if complications occur. Also, the implants do 
not move fl uidly with the patient. We have looked at possibly developing six 
small prostheses that would be placed under the rectus abdominis fascia in 
the area bounded by the inscriptions of the rectus abdominis   . This would then 
accentuate a patient’s already defi ned abdominal musculature and create a 
more natural-appearing six-pack abs. 

 Over the years, I have had a great deal of fun developing and perfecting 
these procedures. They literally added an extra zest to my practice. I hope that 
you will enjoy reading about the various procedures that I have developed/
improved upon. 

 The next generation of muscle augmentation procedures will rest with my 
son, Paul Chugay. He has recently joined me in practice and continues to be 
the coauthor on our works in the fi eld of muscle augmentation. We are per-
forming many of these procedures together, allowing me to pass on my 
knowledge and experience to him. It has been a great deal of fun teaching him 
how to perform these procedures, and together we are constantly improving 
upon what I have already been able to design/improve upon. 

 I hope this book will be of use to you and help you in taking care of your 
patients. Should you ever have any questions/concerns, I am at your service. 

  Nikolas V. Chugay, DO   
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     Introduction 

 Biomaterials, as a category, have exploded over 
the past decade with new materials being devel-
oped and qualifi ed for use in medical applica-
tions. Along with all of the new materials, 
silicone has maintained its position as arguably 
the best known and positioned as the gold stan-
dard. Silicone is a generic, extremely broad term 
for materials that contain a backbone consisting 
of repeating silicon-oxygen atoms where each 
silicon atom also has two organic groups 
(Fig.  1.1 ). These organic groups (-R) are most 
commonly methyl but may also be vinyl, trifl uo-
ropropyl, phenyl, or a myriad of other organic 
groups. By varying these groups, different physi-
cal and chemical properties may be conferred on 
the resultant polymer. Most silicone polymers 
can be placed into three general categories based 
on their methodology of curing or polymeriza-
tion: addition cure (most common), condensation 
cure, and peroxide cure.

       Curing or Polymerization 

 Addition cure utilizes the addition of a silylhy-
dride to a site of unsaturation, normally a vinyl 
group. This reaction is catalyzed by a metallic 
compound, usually platinum. The catalyst may 
be present in a concentration range of 5–20 ppm, 
but most commonly is present at the lower end 
such as 7–8 ppm. Should multiple silylhydrides 

be preset in the same  molecule, they will react 
with vinyl groups in the prepolymer creating a 
crosslinked network. Most silicone polymers 
used in medical devices are manufactured using 
the addition cure system. This system is routinely 
a two-part system where one part contains the 
platinum catalyst, vinyl functionality, and some-
times an inhibitor. The other part contains the 
silylhydride crosslinker as well as the presence of 
vinyl functionality on the silicone backbone. 
These two parts when mixed thoroughly can be 
pumped, poured, or injected into containers 
(molds) which are confi gured in the shape 
desired. There is a fi nite time during which this 
can occur. This is called the working time. 
Beyond this time, the mixture becomes too thick 
to work with and is unusable. Once in the con-
tainer (mold), heat is then used to activate the 
mixture initiating the cure or vulcanization pro-
cess resulting in an elastomer. These same basic 
sequences are used for easily fl owable materials 
such as liquid silicone rubber (LSR) or thick, 
non-pumpable polymers such as high consis-
tency rubber (HCR).

   Condensation cure may be one- or two-part 
systems and utilizes hydrolyzable groups on 
both the crosslinker and polymer components. 
The one-part system is more common.    When 
removed from their storage containers, they 
react with moisture from the atmosphere which 
diffuses through the polymer. This results in 
the hydrolysis of the reactive group on the 
crosslinker molecule. The silanol species 
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formed can then react with a hydrolyzable 
group attached to the polymer end. When 
repeated on the same crosslinker molecule, the 
crosslink network results. These one-part sys-
tems are referred to as room temperature vul-
canization (RTV). Though not used routinely 
in the primary fabrication of medical compo-
nents, RTVs are commonly used as an adhesive 
to bond other silicone materials together. 
 Two-part RTVs are occasionally used in the 
 fabrication of medical parts where part thick-
ness exceeds 0.2 in. (5 mm).

    Peroxide cure utilizes the decomposition of 
an organic peroxide to form a free radical that 
produces polymerization with the backbone 
polymer. Peroxide cure systems are currently 
not commonly used in medical device applica-
tions due to issues with residual peroxides and 
their decomposition products such as PCBs. 
Historically, post-curing (elevated heat and/or 
vacuum) treatments have been used to volatilize 
or remove the offending materials. These days 
most manufacturers simply use another curing 
(vulcanization or polymerization) system such as 
the addition cure system. 

 From a practical standpoint, the over-
whelming majority of medical products on the 
market today utilize addition cure vulcaniza-
tion during the fabrication of silicone elasto-
mers including gels. The most common of 
these use the methyl functional organic group 
(-R) and when cured are called polydimethyl-
siloxane or abbreviated as PDMS. The molec-
ular weight and physical properties of these 

polymers can vary dramatically from low 
molecular weights (silicone oils) to high 
molecular weights and/or with high degrees of 
crosslinking (Sh-D molded parts).  

    Design and Manufacture 

 The design and manufacture of silicone implants 
for cosmetic, plastic, and reconstructive therapies 
requires knowledge of and insight into the physi-
ological and mechanical interactions that take 
place between the implant, tissues that surround 
the implant, and where on the body the implant is 
located. This understanding must also contem-
plate the normal daily activities and forces envi-
sioned for the individual. As an example, implants 
designed for the breast are expected to perform 
their function in a very different physiological 
environment from an implant designed for the 
buttock or gluteus. Both at their essence are sim-
ple void fi llers; however, forces exerted on the 
gluteal area are far greater and more demanding 
than those exerted on the chest area. Similarly, 
there are different requirements for bone on-lay 
products such as a chin implant versus a nasal 
implant. The former is used to augment or replace 
bone while the latter is used to augment or replace 
cartilage. It is a core design belief for AART, Inc. 
(AART), to closely match or mimic the physical 
properties of the native tissues that they are aug-
menting or replacing. 

 Implants provided by AART (Aesthetic and 
Reconstructive Technologies, Inc., Reno, NV) 

As these reactions are repeated, the crosslink network results.

CH3 CH3 CH3

CH3

CH = CH2

CH2

CHCH2

( Si - O ) ( Si - O ) ( Si - O )+

( Si - O )

  Fig. 1.1    Molecular formula for silicone       
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are divided into two major groups: body contour-
ing implants such as calf, gluteal, pectoral, etc. 
and facial implants such as chin, malar (cheek), 
nasal, etc. All of the implants are manufactured 
utilizing state-of-the-art Implant Grade raw 
materials. Other manufacturers such as PIP in 
France, which used food grade silicone instead of 
Implant Grade for its gel breast implant, have 
created controversy casting negative impressions 
over all in the industry, physicians and manufac-
turers alike. 

 Body contouring implants are larger in vol-
ume and designed to augment or replace mus-
cle, fat, or a combination. The physical 
properties (e.g., hardness) of implants vary 
depending on application area. Generically, the 
softest normally is associated with the buttock 
or gluteal area.    Chest implants for males generi-
cally are harder and calf implants are some-
where in the middle depending on the desires of 
the patient and/or surgeon. Implants for other 
muscle groups such as biceps, triceps, or quad-
riceps follow suit. 

 Facial implants by their nature are substan-
tially smaller in volume and are designed to aug-
ment or replace bone or cartilage.    These implants 
are substantially harder and can be more complex. 
In keeping with its philosophy, AART varies the 
physical properties dependent on the needs of 
the application site, for example, chin (harder) 
or nasal (softer). As the nasal is replacing carti-
lage, it should be softer to minimize skin erosion 
(wearing its way through the skin). Everyone 
remembers Michael Jackson. Consideration of 
implant edges and edge location is paramount in 
facial implants. 

 Due to patient’s unique aesthetic consider-
ations, custom implants are a third major group-

ing. AART has three approaches to custom 
implants. They are presented below in order of 
increasing cost.
    1.    The fi rst is a simple description by the surgeon 

sometimes with a hand drawing providing the 
appropriate dimensions.   

   2.    The second is the production of a moulage or 
visual sample using materials available to the 
surgeon or AART’s Moulage Kit, a two-part 
self-reacting silicone.   

   3.    The third option is to utilize digital data to 
design an implant with high precision and that 
is unique to the individual. Generally, a CAT 
scan or MRI is taken of the patient and the 
implant is designed to present the aesthetic 
result desired. The implant can be visualized 
separately as well as within the framework of 
the scan (Figs.  1.2  and  1.3 ). 

 While the cost is more for a custom 
implant, many consider the personalization 
and additional adjustments for their unique 
needs well worth the additional cost.     
 AART manufactures all of its implants in 

an appropriate controlled atmosphere room 
(Nominal Class 10,000 (ISO 7)) and specifi c tasks 
such as curing in Class 100 ovens or trimming 
and washing under a Class 1,000 laminar fl ow 
hood (Figs.  1.4 ,  1.5 ,  1.6 , and  1.7 ). Utilization of 
these technologically advanced workstations to 
perform specifi c tasks is not required by the regu-
latory agencies but ensures enhanced cleanliness 
and minimizes contamination potential.

     The following are the most commonly used 
body implant styles and sizes as employed by 
Dr. Nikolas Chugay and Dr. Paul Chugay 
(Figs.  1.8 ,  1.9 ,  1.10 ,  1.11 ,  1.12 ,  1.13 ,  1.14 ,  1.15 , 
 1.16 ,  1.17 ,  1.18 ,  1.19 ,  1.20 , and  1.21 ).                  
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  Fig. 1.2    Rendering of implant based on CT of patient presenting for pectoral augmentation       
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  Fig. 1.3    Another view of rendering of implant based on CT of patient presenting for pectoral augmentation       

  Fig. 1.4    Clean room 
assembly       
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  Fig. 1.5    Clean room mixing       

  Fig. 1.6    Clean room 
demolding and trimming       
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  Fig. 1.7    Clean room 
packaging       

Size Catalog# Width Length Projection Volume (cc)

1

2

3

600−801

600−802

600−803

6.2

5.8

5.9

16.3 2.3

2.0

2.4

13.3

13.3

151

60

86  Fig. 1.8    Biceps implants       
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Size Catalog# Width Length Projection Volume (cc)

2 600−825 15.0 2.26.0

1 600−820 10.0 2.25.0

  Fig. 1.9    Triceps implants       

Side

EndFront

Catalog#
Style 1

Width Length Projection Volume (cc)
Size 1
Size 2
Size 3
Size 4
Size 5
Size 6

500−101
500−102
500−103
500−104
500−105
500−106

14.7 11.4
12.0
13.7
12.0
12.5
14.6

15.4
16.1
15.5
16.1
17.0

2.7
3.0
3.1
2.1
2.3
2.5

234
273
349
189
222
289  Fig. 1.10    Pectoral implants: 

style 1       
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Side

EndFront

Style 2
Catalog# Width Length Projection Volume (cc)

Size 1
Size 2
Size 3

Size 0 500−200
500−201
500−202
500−203

13.3 14.8
15.4
16.1
16.6

13.0
13.8
13.9

1.9
2.2
2.7
2.9

230
294
367
409

  Fig. 1.11    Pectoral implants: 
style 2       

Catalog#
Style 3

Width Length Projection Volume (cc)

Side

EndFront

Size 1
Size 2

500−301
500−302

13.8 18.5 2.5 300
3282.718.914.9

  Fig. 1.12    Pectoral implants: 
style 3       

Side

EndFront

Style 4
Catalog# Width Length Projection Volume (cc)

Size 1
Size 2
Size 3
Size 4

500−401
500−401
500−403
500−404

11.4 16.8 2.3
2.3
2.5
2.5

16.0
17.0
18.0

13.4
14.5
15.5

231
349
449
490

  Fig. 1.13    Pectoral 
implants: style 4       

 

 

 

 Design and Manufacture



10

Size
1

2

3

4

5

6

Catalog# Width Length Projection Volume (cc)
501−101 10.4

Front Side End

15.0 2.5 207

250

545

303

328
435

3.1

4.6

3.2

3.6
4.2

15.6

18.0

16.2

16.6
18.0

11.0

11.1

11.5
12.9

13.5

501−102

501−103

501−104

501−105
501−106

  Fig. 1.14    Buttock implants: 
style 1       

Size
1 501−201 12.4 14.5 2.5

2.9

3.3
3.8

4.8

4.6

15.4

16.5

18.0

19.3
16.4

12.7

12.8

13.4

14.6
12.5

501−202
501−203

501−204

501−205
501−206

2

3
4

5
6

Catalog# Width Length Projection Volume (cc)

Front Side End

194
234

292

375

575
430

  Fig. 1.15    Buttock implants: 
style 2       

Front End

Size
0

1
2

3

4

5

6
7

8
9

10

Catalog# Diameter Projection Volume (cc)
501−300 10.5 2.5 117

189

276

379

434

301

713
296
215

485

550

2.8
3.6

3.8

4.9

3.7

5.5
4.0
3.5

4.5

5.0

12.5

13.4

14.5

13.4
13.5

15.0
12.5

12.0

15.0

15.0

501−301

501−302

501−303

501−304
501−305

501−306
501−307

501−308
501−309

501−310
  Fig. 1.16    Buttock implants: 
style 3       
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Size
1

2

3

4

5

6

Catalog# Width Length Projection Volume (cc)
501−101 10.4

Front Side End

15.0 2.5 207

250

545

303

328
435

3.1

4.6

3.2

3.6
4.2

15.6

18.0

16.2

16.6
18.0

11.0

11.1

11.5
12.9

13.5

501−102

501−103

501−104

501−105
501−106

  Fig. 1.17    Hip implants       

Size Catalog# Width Length Projection Volume (cc)

501−101 6.2 12.7 1.6 53

68

91

131

275

147

192

1.7

1.9

2.0

2.7

2.5

2.3

13.9

14.2

16.3

17.3

16.3

17.2

6.9

7.8

9.5

11.3

9.5

9.7

1

2

3

4

5

6

7

501−102

501−103

501−104

501−105

501−106

501−107

Front Side End

  Fig. 1.18    Calf implants: 
style 1       

Size

1

2 502−202

502−201 6.1 17.4 2.1 94

1262.320.76.5

Catalog# Width Length Projection Volume (cc)

Front Side End

  Fig. 1.19    Calf implants: 
style 2       
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Size

1 1100−01DEL

1100−01DEL

1100−01DEL2

3

Catalog# Width Length Projection Volume (cc)

8.0 10.0 2.0 116

115

161

3.0

4.0

10.0

10.0

8.0

8.0  Fig. 1.21    Deltoid implants       

Size

0 502−300 5.2 12.5 1.5 49

72

80

133

163

68

81

110

144

47

1.7

1.8

2.0

2.2

1.6

1.8

2.0

2.0

1.5

14.0

14.3

14.6

16.5

13.5

14.5

14.7

17.1

12.4

6.5

6.7

8.0

9.5

6.2

6.5

7.9

9.1

5.7

502−301

502−302

502−303

502−304

502−305

502−306

502−307

502−308

502−309

1

2

3

4

5

6

7

8

9

Catalog# Width Length Projection Volume (cc)

  Fig. 1.20    Calf implants: 
style 3       
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     Poetry in Motion 

 All cosmetic surgery, including body implant 
surgery, can be performed under local anesthesia 
alone. When awake patients have pain during the 
case, they may move, but they also communicate 
verbally of their inadequate analgesia, i.e., 
“Ouch!” (Fig.  2.1 ).

   More often than not, general inhalation anes-
thesia (GA) or propofol-opioid (i.e., alfentanil or 
remifentanil) total intravenous anesthesia (TIVA) 
is used for greater control of patient movement. 
Greater patient movement control obscures vital 
information about inadequate local analgesia to 
the (postoperative) detriment of the patient. No 
postoperative patient benefi t could be determined 
when preemptive local analgesia was injected 
after induction of GA and prior to incision as 
seen in a meta-analysis of 80 studies [ 1 ]. 

 Figure  2.2  clearly illustrates brain function is 
not necessary to produce movement. Movement 
in a sedated patient may also occur with or with-
out brain involvement. Without the ability to dis-
cern brain-generated movement from that 
generated from the spinal cord, one remains stuck 
in the twentieth century mode of anesthesia 
wherein all patient movement had to be treated as 
if it might be a sign of patient awareness or recall.

   Patient movement under sedation is almost 
always the patient’s request for more local anal-
gesia (Fig.  2.3 ). Brain-monitored propofol per-
mits the differentiation between the need for 
more local analgesia (spinal cord-generated 
movement) and the need for more propofol 

(brain-generated movement). The ability to dif-
ferentiate, and subsequently more appropriately 
treat, the two distinctly different types of patient 
movement results in less inappropriate types (and 
amounts) of adjuvant drugs being given to 
sedated patients.

   Some surgeons direct their own diazepam (or 
midazolam)-ketamine anesthesia [ 2 ] with an 
impressive safety record. However, benzodiaze-
pine sedation has no reliable, reproducible clini-
cal signs for adequacy of brain protection from 
negative ketamine side effects. Currently avail-
able cerebral cortical monitors do not reliably 
measure benzodiazepine effect. 

 Direct measurement of anesthetic effect on the 
cerebral cortex has only been available since the 
1996 FDA approval of the Bispectral Index® (BIS) 
(Aspect Medical Systems, Inc.) monitor. While 

  2      Propofol-Ketamine (PK) 
Anesthesia in Body Implant 
Surgery 

              Barry     Friedberg          

  Fig. 2.1    Surgery without pain: an achievable PK goal       
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cerebral cortical monitoring does not replace vital 
signs, like heart rate and blood pressure, vital signs 
only refl ect brain stem activity (Fig.  2.4 ).

   Brain stem activity (i.e., vital signs) simply can-
not reliably guide the cerebral cortical effect, as 
was standard anesthetic practice prior to 1996. The 
net result of this void of cortical effect information 
was routine over-medication to prevent under- 
medication (anesthesia awareness). Complex activ-
ities like processing hearing, feeling, and recall 
occur in the cerebral cortex. Clearly, then direct 
cerebral cortical monitoring should be part of the 
twenty-fi rst century anesthetic practice. 

 Over the past 21 years, propofol-ketamine (PK) 
monitored anesthesia care (MAC) has appeared as 
an alternative to both GA and propofol- opioid 
TIVA. From March 26, 1992 through December 
25, 1997, PK anesthesia was more art than sci-
ence. With the addition of BIS/EMG  monitoring 

on December 26, 1997, numerical reproducibility 
was achieved [ 3 ].  

    Propofol-Ketamine TIVA [ 4 ] 
or “Ketofol” 

 There is no precise defi nition of what ketofol is. 
Generally ketofol refers to the 50:50 mixture of 
ketamine and propofol, 0.5 mg/kg of each 

  Fig. 2.2    Headless chicken 
generating movement       

  Fig. 2.3    Adequate local analgesia is a critical element of 
PK anesthesia       

not

too much

not

too little

Your brain on anesthesia

Just Right

BRAIN MONITOR

  Fig. 2.4    BIS/EMG monitored PK MAC (aka “Goldilocks” 
anesthesia)       

 

  

2 Propofol-Ketamine (PK) Anesthesia in Body Implant Surgery



15

(Fig.  2.5 ). However, a broader defi nition consid-
ered that ketofol is the combination of ketamine 
and propofol, regardless of the ratio to each other 
(the initial dose of each can be scaled up to 3 mg/kg). 
When they are used in infusion, the dose is 
100 μg/kg/min.

   The principle objection to ketofol is the inabil-
ity to ascertain the amount of hypnosis (propofol 
effect) and the degree of NMDA block (ketamine 
effect) with induction and prior to the initial local 
anesthetic injection. The secondary objection is 
the potential for exceeding 200 mg ketamine dur-
ing the case, potentially prolonging emergence. 
Conversely, PK MAC clearly defi nes hypnosis 
(BIS <75, baseline EMG) prior to dissociation 
(immobility with injection). 

 Anesthesia considerations for body implant 
cosmetic surgery revolve around the three par-
ties’ concerns – the patient, surgeon, and anesthe-
siologist. The key consideration is that the patient 
is the fi rst priority! The patient wants (1) not to 
hear, feel, or remember their surgery, a cerebral 
cortical effect, and (2) to awaken promptly with-
out pain, prolonged emergence, or postoperative 
nausea and vomiting (PONV) (Fig.  2.6 ), a func-
tion of anesthetic technique.

   The surgeon wants a motionless patient during 
the surgery and the fewest possible postoperative 
concerns. Numb patients rarely move under seda-
tion. Without a brain monitor to assure adequate 

propofol sedation levels (i.e., BIS <75, EMG 
baseline vide infra), it is nearly impossible to 
encourage the surgeon to re-inject a vasocon-
stricted fi eld. 

 The anesthesiologist wants reproducibility 
along with control of the patient’s airway and 
movement during surgery. However, this is con-
founded by variations in patients’ cerebral toler-
ance to medication effect in addition to their 
varying ability to metabolize and eliminate the 
anesthetic agents. 

 Friedberg’s Triad answers the patients’ 
desires, the surgeon’s needs, and the anesthesiol-
ogist’s quandary over what drug or intervention 
is most appropriate when facing patient move-
ment under sedation.
    1.    Measure the brain   
   2.    Preempt the pain   
   3.    Emetic drugs abstain        

 “Measure the brain” means incrementally 
titrating propofol to BIS <75 with baseline elec-
tromyogram (EMG) (Fig.  2.7 ). Brain measure-
ment provides numerically reproducible propofol 
levels to protect the brain from negative ketamine 
side effects.

MAC

Vodka = propofol

Olive = ketamine

What is ketofol?

TIVA

Mixing ketamine with propofol

Ratios 20−200 k: 200 P

  Fig. 2.5    Vodka martinis illustrating the difference 
between PK MAC and PK TIVA (aka ketofol)       

Prediction of postoperative
nausea and vomiting

  Fig. 2.6    Emesis is our nemesis       

  

Propofol-Ketamine TIVA or “Ketofol”
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   “Preempt the pain” means using a 50 mg dis-
sociative dose of ketamine, independent of adult 
body weight, to completely saturate midbrain 
NMDA receptors 3 min prior to skin stimulation 
(i.e., injection of local analgesia). 

 “Emetic drugs abstain” simply means scrupu-
lous avoidance of opioids (narcotics) like mor-
phine, meperidine, fentanyl, alfentanil, or 
remifentanil as well as inhalational agents like 
forane, sevofl urane, or desfl urane (Fig.  2.8 ). 
Assurance of adequate local analgesia obviates 
the need for these troublesome agents. Abstaining 
from emetic agents also eliminates the need for 
antiemetic drugs.

   Propofol’s advantages over inhalational agents 
include the following:
    1.    Not a malignant hyperthermia (MH) trigger.   
   2.    Not needing to stock dantrolene, an MH 

antidote.   
   3.    Antiemetic qualities.   
   4.    Antioxidant qualities: halogenated  inhalational 

agents like forane, desfl urane, or sevofl urane 
are oxidizing agents.   

   5.    Rapid, pleasant emergence likely due to rapid 
metabolism.   

   6.    Preserved REM sleep patterns.     
 Unlike benzodiazepines, propofol clinical 

signs (i.e., loss of lid refl ex and loss of verbal 
response) are reliable and clinically reproducible, 

and cerebral cortical effect can be measured and, 
therefore, is numerically reproducible.  

    Bispectral Index (BIS) Monitor 

 With the 1983 introduction of pulse oxim-
etry (SpO 2 ) monitoring, anesthetic mortality 
declined from 1 in 10,000 in the 1950s to about 
1 in 250,000 patients. Additional vital signs of 
blood pressure, EKG and EtCO 2 , while impor-
tant, still only provide a refl ection of brain stem 
activity. However, the part of the brain that pro-
cesses hearing, feeling, and memory is the cere-
bral cortex. 

 For anesthesiologists practicing prior to 1996, 
there was no direct measure of patient cerebral 
anesthetic response. To compensate for this lack 
of information about cortical effect, the anesthe-
siologist was obliged to over-medicate for fear of 
not giving enough anesthetic. In 1996, the Food 
and Drug Administration (FDA) approved Aspect 
Medical Systems’ Bispectral Index (BIS) moni-
tor to directly measure the patients’ cerebral drug 
response. 

 While the BIS technology has been validated 
in over 3,500 published scientifi c studies and 
found in over 75 % of US hospitals, BIS utiliza-
tion remains at only about 25 %. There are sev-

  Fig. 2.7    EMG is the lower 
( red ) trace       
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eral reasons for the underutilization of BIS 
monitoring. First, the BIS value is a unit-less, 
derived value that is 15–30 s behind real time 
(vital signs, like heart rate and blood pressure, 
are measured in real time). Titrating anesthetics 
with only the BIS value is akin to trying to drive 
an automobile with only the rearview mirror 
information. The factory default setting dis-
plays only the BIS value and tracing. A tool 
that does not provide useful, real-time informa-
tion is not often used. BIS values delayed from 
real time are not especially helpful to titrate 
anesthetics. 

 The optimal use of BIS is by trending the fron-
talis muscle electromyogram (EMG) as the sec-
ondary trace [ 5 ] and responding to EMG spikes 
as if they were heart rate or blood pressure 
changes. EMG is to the frontalis muscle what the 
EKG is to the myocardial muscle, i.e., a real- 
time, physiologic parameter (Fig.  2.9 ). While 
some allege the use of ketamine invalidates the 
ability to titrate propofol with BIS, there is evi-
dence to the contrary [ 6 ], along with 15 years of 
reproducible clinical practice.

       Premedication 

 Between March 1992 and June 1997, the addition 
of midazolam premedication was undertaken in 
the hope of reducing the cost of the average 
3–20 ml bottles of propofol (Diprivan® Zeneca). 
Three groups of patients were informally studied 
– 0, 2, and 4 mg midazolam premedication, with 
the 4 mg group selected for cases of 4+ h. Review 
of the comparative propofol rates revealed no 
cost-effective reduction with either 2 or 4 mg 
midazolam premedication [ 7 ]. 

 Midazolam premedication was subsequently 
abandoned in favor of no pharmacologic agents 
from June 1997 through December 1998. In 
September 1997, Oxorn published a double-
blind Level I RCT showing no propofol-spar-
ing effect from 2 mg midazolam versus none, 
but a 3× increase in postoperative pain medica-
tion was required in the midazolam patient 
group [ 8 ]. 

 In December 1998, oral clonidine premedica-
tion was added to the PK regimen. The therapeu-
tic level is 2.5–5.0 mcg/kg [ 9 ]. Patients weighing 

  Fig. 2.8    “As long as emetogenic agents are part of the anesthetic regimen, the use of anti-emetics is of limited utility” – 
Christian Apfel MD, PhD       
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between 95 and 175 lb require 0.2 mg clonidine 
to achieve the therapeutic level. For patients with 
systolic blood pressure <100 mmHg, clonidine 
should be avoided. An explanation for the salu-
tary postoperative effect on patients’ pain has 
been suggested recently [ 10 ]. 

 Two clonidine caveats:
    1.    Never give clonidine for patients to take at 

home prior to surgery. In the event of postural 
hypotension, one is unlikely to have someone 
to either start an intravenous or place the 
patient in Trendelenburg. Also, patients are 
not likely to have their scheduled surgery.   

   2.    Clonidine is available in 0.1, 0.2, and 0.3 mg 
doses. Only stock 0.1 mg formulation of 
clonidine to avoid medication dose errors.     
 Lastly, clonidine premedication is not critical 

to the success of PK anesthesia. If one has recur-
rent hypotension with the clonidine, eliminating 
it from the regimen will not negatively affect the 
reproducible success    of PK anesthesia. While 
propofol is generic and dramatically less expen-
sive than in the 1990s, given the recent problems 
sourcing propofol, it may still be worth including 
propofol-sparing clonidine premedication.  

    Induction 

 All patients receive 0.2 mg glycopyrrolate 
(Robinul®) in the same syringe as 1.5 mL 1 % 
lidocaine prior to starting the propofol infusion. 
Glycopyrrolate counteracts the tendency of ket-
amine to produce excessive salivation. Saliva 
touching the vocal cords frequently results in 
laryngospasm and oxygen desaturation. Lidocaine 
often eliminates the discomfort patients report 
from the propofol infusion. 

 Hypnosis fi rst, then dissociation follows 
Vinnik’s concept using propofol instead of diaz-
epam [ 2 ] Most anesthesia providers emulate 
the speedy hare in their approach (i.e., 1,000–
2,000 mcg/kg bolus) to starting a case. However, 
the winning example of the slow and steady tor-
toise (i.e., sequential  50 mcg/kg doses) (Fig.  2.10 ) 
is demonstrated in this YouTube clip at   http://
www.youtube.com/watch?v=GlQ3Do3b3_I    .

   Three distinct benefi ts derive from the incre-
mental type of induction:
    1.    Patient’s airway and drive to breathe are 

 infrequently disturbed, simplifying airway 
management.   

Before After

  Fig. 2.9    Botox does not eliminate EMG spikes       
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   2.    Blood pressure is maintained, unlike that 
observed with propofol bolus induction that 
often necessitates ephedrine treatment.   

   3.    Stable brain level of propofol provides protec-
tion from the historically reported ketamine 
side effects of hallucinations [ 11 ], dysphorias, 
and fl ashbacks.     
 The induction time of 2.5 min shown in the 

YouTube clip approximates the more traditional 
preoxygenation, bolus propofol induction, muscle 
relaxation, laryngoscopy, endotracheal tube place-
ment, and tube position confi rmation times for GA.  

    Airway Management 

 Three muscles, the temporalis, orbicularis oris, 
and genioglossus, are responsible for maintain-
ing the tongue from retrograde airway occlu-
sion. Snoring is one sign of partial airway 
obstruction while pre-tracheal, sternal notch 
retraction is more often associated with total 
airway obstruction. 

 BIS 60–75 is not a measure of airway patency 
or brain oxygenation. Only the SpO 2  will mea-
sure oxygenation. When incremental propofol 
induction is administered, the EtCO 2  most com-
monly remains between 38 and 42. If one is not 
able to observe ventilation, EtCO 2  monitoring 
can display a waveform of the patient’s breath-
ing. This author has not used EtCO 2  monitoring 

for BIS/EMG monitored PK MAC and does not 
mandate its use for others. 

 Bolus propofol induction produces rapid 
decreases in all three airway muscles, fre-
quently leading to the need to support the 
airway with chin lift and positive pressure 
ventilation. Incremental propofol induction 
frequently, but not always, tends to maintain 
tongue muscle support. Propofol, incrementally 
titrated to BIS 60–75, may still produce airway 
obstruction. However, obstruction occurs far 
more infrequently than with bolus induction. 
Observationally, the mouth, more often than 
not, tends to remain closed with incremental 
propofol, while the so-called “O” sign is more 
characteristic of bolus propofol. 

 Patient safety with sedation absolutely demands 
scrupulous attention to airway patency. Management 
of the airway follows a progressive algorithm 
(Table  2.1 ) that depends on what is required to keep 
the tongue from occluding the airway.
     1.    Head position: extend and laterally rotate 

~30 %, rhytidectomy or facelift position 
(Fig.  2.11 ).

       2.    Shoulder pillow (or 1,000 mL IV bag) 
(Fig.  2.12 ): ~30 % increased extension force 
on genioglossus muscle.

       3.    Nasal airway #28 FR (Fig.  2.13 ) ~30 %.
       4.    LMA #4 (Fig.  2.14 ): ~5–10 %. No intubation 

required 21 years, >5,000 patients.
       5.    Oxygen, supplemental: ~10–20 %.    

  Fig. 2.10    Slow and steady wins the race: airway, breath-
ing, and blood pressure preserved       

   Table 2.1    PK anesthesia progressive airway algorithm 
(assumes incremental propofol induction): errors to avoid    [ 13 ]   

 1.  Ketamine before propofol: NO 
 2.  Ketamine at BIS >75: NO 
 3.  Bolus propofol induction: NO 
 4.  Inadequate local analgesia: NO 

 BIS as fi anchetto for adequate propofol and 
lidocaine 

 5.  Opioids instead of more lidocaine: NO 
 6.  Ketamine instead of more lidocaine: NO 
 7.  >200 mg total ketamine or any in last 20 min. of 

case: NO 
 8.  Tracheostomize patient for laryngospasm instead 

of IV lidocaine: NO 
 9.  SCH instead of lidocaine for laryngospasm: NO 
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      Dissociation (NMDA Receptor 
Block) 

 Although Vinnik’s initial ketamine dose is 75 mg 
[ 2 ], this has been reduced to 50 mg independent of 
adult body weight [ 5 ]. The 50 mg ketamine dose 
will provide complete  N -methyl- d -aspartate 
(NMDA) block in ~98 % of adults (Fig.  2.15 ). A 
25 mg dose will produce NMDA block in ~80 % of 
patients. However, there are no negative conse-
quences to using the 50 mg dose once the brain has 
been protected with a stable propofol level. Stable 
propofol brain level will not be produced with a 
bolus propofol induction. The practical upper aggre-
gate ketamine dose has been found to be 200 mg for 
day surgery cases. It is useful, therefore, to inject as 
many of the surgical fi elds with the initial dissociat-
ing 50 mg ketamine dose. Ketamine dissociation is 
only used to render the patient unresponsive to the 
local anesthetic injection of a virgin fi eld.

   When patient movement (without EMG spike) 
occurs, necessitating additional local anesthetic 

  Fig. 2.11    Head position       

  Fig. 2.12    Shoulder pillow 
(or 1,000 mL IV bag)       

 

 

2 Propofol-Ketamine (PK) Anesthesia in Body Implant Surgery



21

injection, additional ketamine dissociation is 
rarely required. Paradoxically, there is usually 
suffi cient residual analgesia to block the noxious 
signal from follow-up local analgesia injection 
but not enough to continue surgery without that 
supplementation. Also, once the surgical fi eld 
has been injected, continuing to administer more 
ketamine will more often produce an aggregate 
ketamine dose in excess of 200 mg and a somno-
lent emerging patient. 

 Additional ketamine dissociation may be 
required once the surgical fi eld has been injected 
a total of three times (i.e., the initial and two sub-
sequent injections to eliminate patient move-
ment). However, cognizance of the aggregate 
dose must be taken to preserve the rapid emer-
gence and ability to effi ciently discharge the 
patient from the surgical facility. Brain measure-
ment of propofol levels assures continued brain 
protection for subsequent ketamine doses, should 
they be necessary. 

 Ketamine increases the laryngeal or so-called 
life-preserving refl exes (Fig.  2.16 ) mentioned in 
CA AB595 requiring offi ce certifi cation whenever 
anxiolytics or analgesics are administered in doses 
likely to depress those refl exes. Recognition of the 
prodrome of laryngospasm, along with prompt 
therapy, is essential to the best conduct of the case.

       Ketamine-Associated 
Laryngospasm 

 The “crowing” sound of laryngospasm is created 
by the partial vocal cord closure. However, 
ketamine- associated laryngospasm produces 
complete vocal cord closure. Hence, no readily 
recognizable sound occurs with ketamine- 
associated laryngospasm. The prodrome is a 
cough or sneeze. Therapy consists of the prompt 
intravenous bolus injection of lidocaine 1 mg/lb. 
Like benzodiazepines, propofol hypnosis ele-
vates the seizure threshold of lidocaine. Seizures 
have not been seen over the 21 years of adminis-
tering lidocaine 1 mg/lb for ketamine-associated 
laryngospasm.  

    Maintenance 

 The art of the technique lies in defi ning the basal 
infusion rate necessary (i.e., “surfi ng” the level of 
consciousness) to maintain BIS 60–75 (with 

  Fig. 2.13    Nasal airway #28 FR       

  Fig. 2.14    LMA #4       
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baseline EMG) as well as defi ning the optimal 
bolus rate required to return the patient to BIS 
60–75 when EMG spike activity is observed. 
Recall is not dependent on the absolute BIS value 
observed, but rather on the area under the BIS 
curve >3–5 min. 

 The empirically derived initial bolus of 
50 mcg/kg −1  and basal rate of 25 mcg/kg 1 /min −1  

are not “set in stone” but have been found to 
 produce the least trespass to patient airway, 
breathing, and blood pressure. For instance, 
when preparing to anesthetize a very elderly or 
frail patient, one might consider decreasing the 
bolus and basal rate in half and taking 3–4 min, 
instead of the customary 2 min, to induce pro-
pofol to BIS <75, EMG baseline.  

  Fig. 2.15    Windup phenom-
enon eliminated with NMDA 
block prior to injection       

  Fig. 2.16    Laryngeal 
refl exes protect the lungs 
from aspiration and are life 
preserving. Ketamine 
increases laryngeal refl exes, 
while opioids (narcotics) 
decrease them       
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    Adjusting Expectations 

 One cannot provide BIS/EMG PK MAC without 
prior discussion to secure the surgeon’s under-
standing for the need to supplement local analge-
sia during the case. Some surgeons appear to 
perceive the need to supplement local during the 
case as an affront to their ability to inject local 
analgesia. Other surgeons mistakenly believe the 
presence of vasoconstriction guarantees adequate 
local analgesia. While these are untrue presump-
tions, care needs to be taken to not insult the sur-
geon’s ego or intellect when the need for 
additional local analgesia becomes manifest. 

 BIS/EMG monitoring can explain the differen-
tiation of spinal – versus brain-driven patient move-
ment to the surgeon (Fig.  2.17 ). Vasoconstriction 
observed in the surgical fi eld does not guarantee 
adequate analgesia, especially when there is no 
EMG activity and propofol BIS levels are 60–75!

   “Perfect” local analgesia with the initial injec-
tion is not required, but subsequent persistence 
with local analgesia when required during the 
case is an absolute requirement for PK success. 
One then sets the stage for poetry in motion. The 
anesthesiologist measures the level of hypnosis 

while the surgeon controls surgical analgesia. 
The patient benefi ts enormously by not being 
hurt during the procedure.  

    Postoperative Pain Management 

 Patients do not typically exhibit the traumatized 
“look” of surgery. The dissociative effect pre-
cludes intraoperative pain. The major pain signal 
of violating the skin is never sent to the brain 
(i.e., dissociation or NMDA block). Hence, 
patients typically have little or no postoperative 
discomfort after body implant surgery. The brain 
cannot wind up from information it never 
receives. Over the past 15 years of BIS/EMG 
monitored PK MAC, a minority of >3,000 
patients have required postoperative opioids prior 
to discharge from the offi ce facility. 

 Much of the postoperative discomfort is a 
function of muscle spasm secondary to increas-
ing muscle fi ber length by the implant placement. 
This issue can readily be dealt with by prescrib-
ing 5–10 mg oral diazepam every 4–6 h. Patients 
recover quickly and are able to swallow oral 
medications after BIS/EMG monitored PK MAC. 
Midazolam (Versed®) 1–2 mg intravenously has 
infrequently been given for the rare patient. 
Postoperative opioids like hydrocodone carry the 
(avoidable) risks of PONV and constipation. 
Sometimes, patients can avoid postoperative opi-
oids by taking not more than 1,000 mg acetamin-
ophen (Tylenol®) every 8 h to supplement the 
diazepam relaxation. 

 Patients will benefi t with prolonged pos-
toperative analgesia by placing bupivacaine 
(Marcaine®) in the implant pockets prior to clos-
ing or injecting retrograde in the drains   . Since 
bupivacaine rapidly binds to tissues, it is not nec-
essary to inject the agent with a needle. Depending 
on the pocket size, 10–25 mL of bupivacaine per 
pocket is deposited. To avoid cardiotoxicity, 
never exceed a total of 125 mg or 50 mL 0.25 % 
bupivacaine. If greater than 50 mL is required, 
simply dilute 0.25–0.125 % with normal saline 
(NSS) to have 100 mL to distribute among mul-
tiple pockets.   Fig. 2.17    The    tango: poetry in motion       
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 On occasion, there are patients who have been 
predominantly immobile during surgery but 
complain bitterly of pain after surgery. These 
patients are given two “Big Blue” pain pills (i.e., 
Tylenol® PM) for relief of nonphysical pain. 
Unless specifi cally asked for the name of this 
drug, staff does not customarily mention the pro-
prietary name as the therapeutic effi cacy is 
greatly diminished by doing so.  

    Postoperative Nausea and Vomiting 
(PONV) 

 Avoidance of both opioids and inhalational 
vapors (i.e., emetogenic agents) has allowed the 
lowest published rate of PONV (0.6 %) in a high- 
risk patient population without the need of anti-
emetic use [ 7 ].  

    Discussion 

 Inasmuch as GA and TIVA remain the most com-
monly performed anesthetics for body implant sur-
gery, the question remains, “Why are more 
anesthesiologists not offering BIS/EMG PK MAC?” 

 Because the academic centers rarely expose 
their trainees to BIS/EMG PK MAC, many anes-
thesiologists are reluctant to try a technique they 
have not become familiar with in their residency 
training. Without being exposed to the real-time 
use of BIS with EMG as the secondary trace, 
many anesthesiologists have discarded the idea 
of using this device. Also, BIS monitors are not 
always physically available in cosmetic surgery 
practices. For too many anesthesiologists, the 
idea of buying their own BIS monitor remains a 
totally foreign concept they need to shed. 

 Academic anesthesia centers are still not rou-
tinely having residents titrate anesthetics with 
BIS/EMG. Without being able to differentiate 
spinal-cord-generated movement (i.e., movement 
without EMG spike) from cortically generated 
movement (i.e., movement with EMG spike), it is 
diffi cult to convince the surgeon for the need of 
additional local analgesia as well as spinal cord 
movement not being a sign of awareness and 

recall. BIS/EMG PK MAC without dealing with 
the need for adequate local analgesia will not 
provide dramatically better outcomes. 

    Lectures in anesthesia training programs con-
tinue to emphasize hallucinations, hypertension, 
and tachycardia as ketamine’s side effects when 
the drug is administered as a solo agent. Rarely is 
cognizance taken of the satisfactory elimination 
of those troublesome side effects when pretreat-
ment with either benzodiazepines [ 2 ] or propofol 
[ 11 ] is provided. 

 BIS monitoring has been FDA approved since 
1996. Advocacy of universal BIS monitoring 
could reduce anesthetic use by 30 % [ 3 ], poten-
tially jeopardizing the American Society of 
Anesthesiologists (ASA) of millions of various 
forms of drug company (Big Pharma) support 
dollars. From 1983 to 1990, the ASA also resisted 
advocacy of pulse oximetry as a standard of care 
until Medicare mandated the additional SpO 2  fee 
being bundled as a base charge. 

 Surgeons who appreciate the value of good 
local analgesia tend to be more receptive to PK 
MAC for their patients. They also understand the 
difference between intraoperating room process 
and postsurgical  outcomes . Why should more 
anesthesiologists seek to offer BIS/EMG PK MAC 
for elective cosmetic surgery like body implants? 
Patient safety is improved with a minimally inva-
sive anesthetic regimen. Preservation of native air-
way, reduced need for supplemental oxygen, and 
blood pressure stability self- evidently minimize the 
potential for needing to perform CPR or call 911. 

 Ketamine does not depress respiration. 
Respiratory embarrassment is far less likely 
when only a single respiratory depressant (i.e., 
propofol) is titrated against both brain stem and 
cortical response. Patients who experience desat-
uration with PK MAC frequently recover normal 
SpO 2  without the need for bag-mask ventilation. 
Often a simple, transient chin lift will suffi ce. 

 Patient satisfaction is dramatically improved 
for several reasons. Patients emerge from pro-
pofol feeling refreshed as opposed to “hung 
over.” Propofol permits REM sleep patterns as 
well as providing an anti-infl ammatory effect. 
The absence of emetic drugs also provides a 
nearly zero PONV rate [ 7 ], especially  important 
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in patients with a previous history of PONV. 
Ketamine’s anti-infl ammatory effect supple-
ments that of propofol [ 12 ]. 

 Cost-effectiveness is improved when drugs 
are administered in the optimal fashion. Propofol 
usage is reduced by 30 % with BIS/EMG moni-
toring and clonidine premedication [ 3 ]. Ketamine 
usage is most often only one or two 50 mg doses. 
However, most importantly is that local analgesia 
instead of excessive propofol, ketamine, or even 
opioids is employed to accurately deal with the 
patient’s need for intraoperative pain relief. 
Providing a lack of information to the patient’s 
brain (i.e., dissociation or complete NMDA 
block) for both the initial local analgesia injec-
tion and during the case for supplemental 
 analgesia has led to >3,000 BIS/EMG PK MAC 
patients not needing opioid relief upon emer-
gence since December 26, 1987. 

 Outliers are eliminated using BIS/EMG moni-
toring with an incremental approach to anesthetic 
induction. Clonidine premedicated patients, on 
average, require 25–50 mcg/kg/min −1  to maintain 
BIS 60–75. Patients have been observed to 
require as low as 2.5 mcg/kg/min −1  and as high as 
185 mcg/kg/ min −1  to maintain BIS 60–75 with 
the same excellent recovery times. Responding to 
EMG spikes as if they were heart rate or blood 
pressure changes is the key to avoiding over – 
and under-medication [ 5 ].  

    Conclusions 

 Patients are universally happy with BIS/EMG 
PK MAC anesthesia. Happy patients tend not 
to fi le medical liability lawsuits. According to a 
leading medical liability insurer, anesthesiolo-
gists get sued every 8 years on average. For the 
past 21 years of PK MAC, no patients have 
fi led such an action. Happy patients    are also 
more often likely to return for additional proce-
dures and are more likely to have friends who 
observe their positive anesthesia outcome and 
seek out that surgeon for their surgeries. PK 
MAC anesthesia patients are a positive adver-
tisement and an asset to the cosmetic surgeon.     
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                     Introduction 

    Over the years, there has been an increase in the 
number of males seeking out cosmetic surgery. 
Recent statistics by the American Society of 
Plastic Surgeons show an increase of 5 % in men 
seeking out cosmetic surgery procedures when 
comparing 2011–2012 [ 1 ]. Despite attempts at 
betterment through physical activity and weight 
training, some men are unable to achieve their 
desired outward appearance. For that reason, they 
present to a cosmetic surgeon for a host of proce-
dures aimed at improving body contour. 
Liposuction has ranked in the top fi ve procedures 
performed by men for the past several years [ 1 , 
 2 ]. While being fat is defi nitely something that 
men wish to avoid, it seems that more males are 
concerned with having a muscular physique 
which is believed to be associated with attractive-
ness to the female sex and a sign of masculinity 
[ 3 ]. The advent of body implants for augmenta-
tion of various muscle groups has brought 
patients to surgeons’ offi ces seeking augmenta-
tion when other measures have failed to give 
them a more “sculpted” physique [ 4 ]. 

 Fascination with the muscular male dates back 
to antiquity. Stars of the silver screen such as 
Arnold Schwarzenegger, Sylvester Stallone, and 
Jason Statham have popularized the muscular 
and well-built man. Male action fi gures and 
Playgirl centerfolds have further demonstrated 
the obsession with a muscular physique, causing 
many males to critique themselves and become 
dissatisfi ed with their outward appearance [ 5 ,  6 ]. 

Augmentation of the biceps is one of the muscle 
groups that lends itself to immediate results with 
signifi cant improvement in the contour of the 
male form, with a potential to improve a male’s 
overall impression of himself. Herein, we will 
discuss the background of the procedure, the 
operative technique, and common complications 
seen in bicipital augmentation.  

    Body Dissatisfaction in Males 

 Researchers commonly use the concept of an 
“Adonis Complex” to explain the wide array of 
secret body image concerns experienced by males. 
These concerns include everything from body dis-
satisfaction to muscle dysmorphia (MD), a sub-
type of body dysmorphic disorder (BDD) found 
mostly in males, that causes males with either nor-
mal or muscular physiques to believe their body is 
too small or inadequately muscular [ 5 ,  7 ,  8 ]. Body 
dissatisfaction has received a lot of attention in 
male body image research, partly due to its preva-
lence in Western society. Pope et al. [ 8 ] estimated 
there to be over 50 million males in the United 
States who were dissatisfi ed with their muscular-
ity at the beginning of the twenty-fi rst century. 
This number has most likely risen with various 
media outlets creating even more unrealistic 
images of the ideal male body, including the mod-
ern and hyper-muscular GI Joe [ 5 ] and the lean 
and muscular Playgirl centerfold model [ 7 ]. Pope 
even went so far as to extrapolate the  muscularity 
of action fi gures to human size and determined 
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that today’s GI Joe fi gure would be just as unat-
tainable to boys as the Barbie doll is for girls [ 3 ]. 
In its most extreme case, muscularity concerns 
can lead to muscle dysmorphia, which is com-
monly viewed as the equivalent of anorexia ner-
vosa in females [ 9 ]. While females with anorexia 
perceive themselves to be too big, males with MD 
perceive themselves to be too small. Ironically, 
many males with MD are more muscular than 
their normal counterparts. Males with MD are 
ashamed and embarrassed of their perceived inad-
equate muscularity and think about it  constantly. 
Many males with MD also report mood disorders, 
anxiety disorders, and substance abuse. 

 Muscle dissatisfaction is associated with 
numerous psychological problems including 
depression, low self-esteem, and overall low life 
satisfaction [ 9 ]. The desire for a muscular body 
has led patients down the road of behavioral 
problems, disordered eating, use of prohormones, 
and anabolic steroid use. Although not without 
its complications, biceps augmentation stands to 
be an alternative for males who seek to have a 
more muscular physique and avoids the use of 
drugs and extreme dieting that are well docu-
mented to have deleterious physical and psycho-
logical side effects [ 3 ,  5 ,  9 ].  

    History of the Procedure 

 Biceps augmentation was initially used by sur-
geons to help in the reconstruction of soft tissue 
defects of the upper extremity left by signifi cant 
trauma or post-oncologic surgery [ 10 ]. While it 
does not add to the patient’s use of the arm, the use 
of a silastic implant does provide “gratifying cos-
metic results” that are durable, leaving surgeons an 
option for maintaining symmetry of the body. 
Hodgkinson [ 11 ] further added to the literature on 
the use of solid silicone implants for restoration of 
symmetry and addition of volume to traumatized 
extremities. In his article from 2006, he discusses 
the use of silicone implants to add volume to the 
upper extremity after ruptures of triceps and biceps 
muscles and in cases of axillary nerve injury that 
showed degeneration of the deltoid muscle. 

 From its initial introduction for reconstructive 
purposes, the primary author produced research 

in the area of biceps augmentation for cosmetic 
purposes in early 2006 [ 12 ]. The actual use of 
biceps implants for cosmetic reasons was begun 
in 2004, by the primary author, when a 32-year- 
old recreational body builder presented with a 
complaint of an underdeveloped biceps region. 
By the time of publication in 2006, the author 
had completed a total of 12 augmentations in the 
submuscular plane, below the biceps brachii 
muscle. This was followed by a retrospective 
review of 94 cases in 2009, which further evalu-
ated the procedure and its potential risks and 
complications [ 13 ]. All procedures were per-
formed via an incision in the axilla and place-
ment of the implant in the submuscular plane. In 
the primary author’s experience, greater risks for 
complications were possible with placement of 
the implant under the muscle. With placement 
solely beneath the fascia, the improved contour 
was similarly noted but without the increased 
risk of damage to vital neurovascular structures. 
For that reason, the primary author’s standard 
practice at this time is use of a subfascial 
approach for implant placement, rather than the 
submuscular plane. In 2010, Dini and Ferreria 
[ 14 ] evaluated the size of the short head of the 
biceps muscle and devised an implant based on 
these dimensions, measuring 20 cm in length, 
3 cm in width, and 1.7 cm in height made out of 
silicone envelope fi lled with silicone gel. The 
implant is introduced via an incision in the axilla 
and placed in a subfascial plane. In 2012, 
Abadesso and Serra [ 15 ] published their work on 
32 cases of biceps augmentation for improving 
the cosmetic appearance of the arms. Their report 
includes augmentation brachioplasty performed 
for increase in brachial volume in 16 patients 
(50 %), to correct sagging skin in 9 (28.1 %), and 
to improve the appearance of the arm after bar-
iatric surgery in 5 (15.6 %). While the primary 
author prefers the use of an axillary incision for 
bicipital augmentation, Abadesso and Serra use a 
4 cm long S-shaped incision in the middle of the 
arm. They then place calf implants into the sub-
muscular plane to achieve the desired augmenta-
tion. In patients that require more volume, they 
combine solid silicone elastomer implants with 
cohesive gel silicone implants using a 3-0 nylon 
suture to stack the implants on top of one another.  
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    Indications 

 Initially, biceps augmentation was introduced as 
a means to treating asymmetries in the arm region 
left due to congenital anomalies, trauma produc-
ing atrophy of muscles in the upper extremity, 
and in those patients who suffered volume defi -
cits secondary to trauma or post-oncologic 
 surgery. Biceps augmentation, for purely aes-
thetic reasons, is indicated for the patient who 
has hypoplasia in the area of the biceps muscle. It 
can be used in the patient who has a condition 
from birth resulting in hypoplasia or may be 
applied to a patient who is unsuccessful in achiev-
ing the desired volume in the region of the biceps, 
despite aggressive weight training (e.g., body 
builders).  

    Contraindications 

 While not every male presenting for biceps aug-
mentation suffers from muscle dysmorphia, the 
surgeon must be aware of this and take it into 
consideration when considering a patient for 
muscle augmentation surgery. A patient who 
seems unrealistic in the goals of his surgery 
should be turned away.  

    Limitations 

 In any initial biceps augmentation, patients are 
instructed on the fact that they can achieve an 
augmentation of approximately 1 inch in added 
circumference of the arm. Larger augmentations 
may require a second operation with larger, cus-
tom implants. Also, patients are instructed that 
while biceps and triceps augmentations can be 
performed, it is safer to separate this into two 
separate surgeries to avoid the risk of compart-
ment syndrome in the upper extremity.  

    Relevant Anatomy 

 The technique described herein is ideal in that it 
avoids major neurovascular structures in the upper 
extremity. However, for completeness sake some 

of the basic anatomy that is pertinent to the dis-
cussion of biceps augmentation will be reviewed. 

 An axial section through the mid arm shows 
much of the relevant anatomy for biceps augmen-
tation (Fig.  3.1 ). Two distinct muscular compart-
ments (anterior and posterior) exist in the upper 
arm and are separated by the medial and lateral 
intermuscular septa and humerus [ 16 ,  17 ]. The 
medial and lateral intermuscular septa arise from 
the humerus and insert into the brachial fascia, 
which covers the superfi cial muscles of the ante-
rior compartment. The anterior compartment is 
composed of the biceps brachii, brachialis, and 
coracobrachialis. The posterior compartment is 
composed of the triceps muscle. The biceps bra-
chii is a long muscle consisting of two heads and 
functions to fl ex the elbow and supinate the fore-
arm (Fig.  3.2 ). The short head arises by a thick 
fl attened tendon from the apex of the coracoid 
process. The long head arises from the supragle-
noid tuberosity at the upper margin of the glenoid 
cavity. Each tendon is then succeeded by an elon-
gated muscular belly. The two bellies are closely 
adherent but then unite into a single fl attened ten-
don about 7.5 cm proximal to the elbow joint. 
This tendon then inserts onto the radius. The fas-
cia overlying the biceps is often referred to as the 
deep fascia of the arm and is a continuation of the 
fascia covering the deltoid and pectoralis major. 
As mentioned previously, it gives off the strong 
intermuscular septa to the medial and lateral 
aspects that form the distinction between anterior 
and posterior compartments of the arm [ 16 ].

    One of the structures most at risk for injury is 
the lateral antebrachial cutaneous nerve (Fig.  3.3 ). 
This nerve is a continuation of the musculocuta-
neous nerve and serves as one of the primary 
sources of sensory innervation to the skin of the 
forearm in the lateral aspect (Fig.  3.4 ). It runs 
along the undersurface of the biceps and can be 
injured with submuscular placement of the biceps 
implant. The nerve continues on the undersurface 
of the biceps brachii muscle until it emerges just 
lateral to the biceps tendon, 2–4 cm above the 
elbow crease. For this reason, it is possible to 
have a compression injury along the course of the 
nerve when the implant is placed in the submus-
cular plane and exerts direct pressure on the nerve 
[ 18 ,  19 ]. The medial antebrachial cutaneous 
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nerve is derived from the medial cord of the bra-
chial plexus and serves as a major contributor of 
sensory nerves of the medial aspect of the fore-
arm (Fig.  3.5 ). It is more medial in the dissection 
of the upper arm and is spared in the typical dis-
section for biceps augmentation, both subfascial 
and submuscular [ 18 ].

     The cephalic vein is a major superfi cial vein 
of the upper extremity along with the basilic 
vein. The cephalic vein crosses superfi cial to the 
musculocutaneous nerve and ascends in the 
groove along the lateral border of the biceps bra-
chii, leaving it open to injury with aggressive dis-
section of the subfascial pocket in the lateral 
aspect. The basilic vein also plays a major role in 
the superfi cial venous drainage of the upper 
extremity. It runs upward along the medial bor-
der of the biceps brachii, perforates the deep 
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  Fig. 3.1    Axial cross section of arm showing humerus 
with medial and lateral intermuscular septa that separate 
anterior from posterior compartments of the arm. 
The anterior compartment is composed of the biceps 

 brachii, brachialis, and coracobrachialis. The posterior 
compartment is composed of the triceps muscle. Major 
neurovascular structures are primarily localized to the 
medial aspect of the arm       
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  Fig. 3.2    Biceps brachii with long and short heads       
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 fascia slightly below the middle of the arm, and, 
ascending on the medial side of the brachial 
artery to the lower border of the teres major, con-
tinues onward as the axillary vein. This vessel is 
spared in a typical subfascial biceps augmenta-
tion but may be injured with aggressive medial 
dissection in the submuscular approach to biceps 
augmentation. 

 The brachial artery (a continuation of the axil-
lary artery) commences at the lower margin of 
the tendon of the teres major, and, passing down 
the arm, ends about 1 cm below the bend of the 
elbow, where it divides into the radial and ulnar 
arteries. At fi rst, the brachial artery lies medial to 
the humerus; however, it gradually moves in front 
of the bone as it runs down the arm, and at the 
bend of the elbow, it lies midway between its two 
epicondyles. The brachial artery is the major 

 supplier of blood fl ow to the upper extremities. 
Because this artery is superfi cial throughout its 
entire extent, being covered in front by the integ-
ument and the superfi cial and deep fascia, great 
care should be taken to preserve its integrity. Risk 
of injury comes with submuscular approaches to 
biceps augmentation as very medial dissection 
can injure the neurovascular bundle.  

    Consultation/Implant Selection 

 The consultation begins with a thorough medical 
history on the patient. Special attention is taken to 
ask specifi cally about trauma to the extremity, 
history of vascular insuffi ciency which may put 
blood fl ow at risk, history of venous insuffi ciency 
or arm swelling, and any history of nerve damage 
or sensory defi cits as may be seen in patients with 
diabetes mellitus. Also, patients with histories of 
nerve entrapment disorders should be asked about 
the current state of those nerves and any long-
term sequelae. At the time of consultation, the 
patient is asked what specifi cally about their arm 
bothers them as it may be necessary to combine 
muscle augmentation surgery with adjunct proce-
dures such as liposculpture or brachioplasty to 
achieve the patient’s goals. Preoperative goals are 
assessed at this point. A patient who has unrealis-
tic expectations and is unable to comply with the 
strict postoperative instructions is deemed a poor 
candidate for augmentation. Patients who have 
congenital anomalies, signifi cant size disparities 
between the two arms, or bilateral hypoplasia are 
informed that several surgeries may be required 
to attain symmetry and achieve the augmentation 
they desire. Patients are also asked about their 
current level of activity and muscle building his-
tory, taking care to inform the patient of the need 
to take at least 1 month of time to recover before 
resuming any vigorous arm building regimens. 

 After completion of the history, the patient’s 
arms are evaluated. First, symmetry of the two 
sides is assessed and any disparity is brought to 

ANTERIOR POSTERIOR

  Fig. 3.3    Nerve distribution in the upper extremities (dor-
sal and ventral views)       
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the attention of the patient. Although the majority 
of patients present with a preexisting asymmetry 
of the arms, not many patients note the difference 
and this can be a source of medicolegal matters in 
the future. The physician then evaluates the qual-
ity of the skin, subcutaneous tissue, and muscle. 
A person who has very thin tissues or signifi cant 
hypoplasia of the biceps may not be able to ade-
quately accommodate a large implant. Also, a 
person with thin tissues may have to be counseled 
about the possible need for a submuscular place-

ment of the prosthesis. This should be accompa-
nied by a discussion of the increased risks 
associated with biceps augmentation in the sub-
muscular plane. 

 Next, the patient’s arms are measured in cir-
cumference at the midportion of the arm, with the 
patient in fl exed and neutral positions. These mea-
surements are primarily used in the postoperative 
period to demonstrate the results of augmentation. 
Another measurement is taken with the patient 
fl exing their biceps muscle. The proximal point of 
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the muscle belly is palpated and marked as is the 
distal portion of the muscle belly and then mea-
sured. Having this second measurement allows 
one to assess the maximum length of implant that 
can be accommodated in the biceps region. Next, 
the width of the muscle belly is measured from its 
medial to lateral extent while the patient’s muscle 
is fl exed. Based on these latter measurements, the 
surgeon can choose the implant that would best 
suit the patient’s body habitus (Fig.  3.6 ).

       Available Implants (Table  3.1 ) 

        Preoperative Planning and Marking 

 The biceps contour is marked out with a surgical 
marking pen, taking special care to also mark the 
apex of the biceps. A marking is then made in the 
axillary region for the initial incision in the axilla 
(Fig.  3.7 ).

       Operative Technique 

    Subfascial Placement (Standard) 

 The incision is made in the axillary region with a 
number 15 blade, and the skin is dissected    out by 
sharp and blunt dissection (Fig.  3.8 ). With gentle 
digital pressure, the tissues are displaced until 
the bicipital fascia is exposed (Fig.  3.9 ). The 
bicipital fascia is then incised with a # 15 blade, 
and 3-0 nylon stay sutures are placed on each 
side into the fascia for retraction (Figs.  3.10  and 
 3.11 ). A pocket is dissected in the subfascial 
plane, exposing the biceps muscle fi bers. The 
authors’ standard of practice is to place the 
implant in a subfascial plane to avoid many of 
the complications that can arise from damage to 
neurovascular structures in a submuscular plane. 

Med. antibranch
  cutan.nerve

A. profunda
    brachil

Sup. ulnar collateral
artery

Inf. ulnar collateral
artery

Radial nerve

  Fig. 3.5    Anatomic location of medial antebrachial cuta-
neous nerve. Note close proximity of medial antebrachial 
cutaneous nerve to major neurovascular structures on the 
medial aspect of the arm, high near the initial entry point 
for surgery (axilla)       

  Fig. 3.6    Biceps implant (style 8, size 1)       
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If proceeding with a subfascial approach to aug-
mentation, the surgeon will use a combination of 
blunt fi nger dissection and spatula dissection to 
create a subfascial pocket that encompasses the 
biceps muscle as previously marked (Fig.  3.12 ). 
Care is taken not to over-dissect the pocket as a 
pocket that is over-dissected can lead to greater 
problems with implant migration and possible 
seroma formation. The pocket is then packed 
with a lap sponge and the same procedure is 
repeated on the contralateral side. At this point 
the packs are removed and hemostasis is achieved 
with electrocautery as needed. The pocket is irri-
gated with a solution containing saline, Betadine, 
1 g of cefazolin, and 80 mg of gentamicin. This 
is aspirated from the pocket. Then, 10 mL of 

0.5 % Marcaine is instilled into the pocket for 
postoperative analgesia. A custom Chugay bicip-
ital implant (AART Corp) is placed into the sub-
fascial pocket (Fig.  3.13 ). Symmetry is now 
assessed. If symmetry is not achieved, then 
pocket manipulation is performed as needed. 
Once symmetry is noted, closure is begun. The 
bicipital fascia is repaired with 2-0 Vicryl suture. 
3-0 Vicryl suture is used to approximate the deep 
dermis and then the skin is closed with subcu-
ticular 4-0 Monocryl suture. Collodion is applied 
to the suture line with Robbins tape as a dressing. 
The arms are wrapped in Coban to minimize 
postoperative edema. The patient is then returned 
to the recovery room and monitored before dis-
charge home.

Size

1

2

3

Catalog #

600−801

600−802

600−803

Width

6.2

5.8

5.9

Length

16.3

13.3

13.3

Projection

2.3

2.0

2.4

Volume (cc)

151

60

86

   Table 3.1    Available biceps 
implants (Aesthetic and 
Reconstructive Technologies, 
Inc., Reno, NV)       

a b

  Fig. 3.7    Preoperative    markings for biceps augmentation taking care to mark borders of biceps muscle and axillary 
incision. ( a ) Patient’s right arm ( b ) Patient’s left arm       
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a

c

b

  Fig. 3.8    Dissection    through subcutaneous tissues using 
blunt fi nger dissection and scissors in a spreading manner. 
( a ) Blunt fi nger dissection in the subcutaneous plane 

using the surgeon’s digit. ( b ) Close up view of blunt dis-
section with the operator’s digit. ( c ) Blunt dissection 
through the subcutaneous tissue with scissors       

a b

  Fig. 3.9    ( a ) Biceps fascia shown in the left axilla (glistening). ( b ) Biceps fascia identifi ed in right axilla (glistening) 
and being pointed to with scalpel       
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             Submuscular Approach 

 If placing the implant in a submuscular plane, the 
procedure is performed as described above until the 
biceps muscle is identifi ed. At this point, the muscle 
fi bers are gently spread in a longitudinal fashion 
with a curved hemostat, and a pocket is dissected 
underneath the biceps muscle digitally with a spat-
ula dissector (Fig.  3.14 ). The pocket is packed with 
a lap sponge and the same procedure is repeated on 
the contralateral side. At this point the packs are 

removed and hemostasis is achieved with electro-
cautery as needed. The pocket is irrigated with a 
solution containing saline, Betadine, 1 g of cefazo-
lin, and 80 mg of gentamicin. This is aspirated from 
the pocket. Then, 10 mL of 0.5 % Marcaine is 
instilled into the pocket for postoperative analgesia. 
A custom Chugay bicipital implant (AART Corp) 
is placed into the submuscular pocket. Symmetry is 
now assessed. If symmetry is not achieved, then 
pocket manipulation is performed as needed. Once 
symmetry is noted, closure is begun. In the case of 

a b

  Fig. 3.10    ( a ) Incision started in bicipital fascia. ( b ) Incision completed in biceps fascia       

a b

  Fig. 3.11    ( a ) Biceps muscle identifi ed and fascia elevated. ( b ) Stay sutures placed in both ends of the biceps fascia, to 
be used for reapproximation after placement of the implant       
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a submuscular implant, the biceps muscle is re-
approximated with 2-0 Vicryl sutures, with buried 
knots. The remainder of the closure is as noted 
above in the subfascial approach.

       Postoperative Care/Instructions 

 On discharge from the offi ce on the day of 
surgery, the patients have their arms wrapped 
in elastic compression sleeves to diminish the 
amount of swelling and potential for seroma 

formation. These sleeves are removed on the 
fi rst postoperative day and a compression gar-
ment is applied that is to be worn at all times 
for a period of 4 weeks. Patients may remove 
the sleeves to shower and to wash the sleeves as 
needed. Patients may begin showering the day 
after surgery, taking care to dry the elastic tape 
over their incisions with a hair dryer on a low 
heat setting. The patient is instructed postop-
eratively to limit the use of the upper extremi-
ties and to avoid exertion or any heavy lifting. 
Patients may begin to use their arms as tolerated 

a b

  Fig. 3.12    ( a ) Spatula being used to dissect subfascial plane. ( b ) Spatula further being used to dissect plane with fi nger 
pointing to location of spatula tip, at the edge of the biceps fascia where it joins the medial intermuscular septum       

a b

  Fig. 3.13    ( a ) Biceps implant being placed with a folding-over method (like a taco). ( b ) Biceps implant in position with 
fascia overlying       
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immediately after surgery but are restricted from 
heavy lifting or vigorous activity for 4–6 weeks 
postoperatively.  

    Complications 

 In performing biceps augmentation, there is a 
host of potential complications that can arise 
(Table  3.2 ).

      Infection 

 Infection, either superfi cial or deep, is a possi-
bility in biceps augmentation surgery. Our own 
work in this fi eld has demonstrated an infection 
rate of 1.3 % (3/220) [ 12 ,  13 ]. Species identi-
fi ed in the authors’ experiences were isolated to 
 Staphylococcus aureus  and  Staphylococcus 
epidermidis    , relatively common skin fl ora. 
Prior to making incision, standard practice 
should be the administration of 2 g of Ancef IV 
(or 300 mg intravenous (IV) clindamycin in a 
penicillin- or cephalosporin-allergic patient). 
During the procedure, irrigation of the pocket 
with a standard antibiotic solution containing 

normal saline, Betadine, Ancef, and gentami-
cin should be performed. Postoperatively, a 
5–10 day regimen of oral antibiotics covering 
the normal skin fl ora should be administered. If 
a deep infection occurs, the standard of prac-
tice is removal of the implant, closure, and pos-
sible reimplantation in 3–6 months. There are 
reports in other forms of implant surgery (i.e., 
breast augmentation surgery) that conservative 
management and implant salvage are possible. 
This should be left to the discretion of the 

a b

  Fig. 3.14    ( a ) Biceps muscle being split in line with its fi bers using a hemostat. ( b ) Biceps muscle being elevated to 
demonstrate the submuscular plane       

   Table 3.2    Potential complications of biceps augmen-
tation   

 Potential complications of biceps augmentation surgery 

  1. Infection 
  2. Seroma 
  3. Hematoma 
  4. Asymmetry 
  5. Implant visibility 
  6. Hypertrophic scarring 
  7. Hyperpigmentation of the scar 
  8. Capsular contracture 
  9. Wound dehiscence 
 10.  Nerve injury (permanent or temporary; motor or 

sensory) 
 11. Compartment syndrome 
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 surgeon and performed with careful counseling 
of the patient.  

    Seroma 

 Seromas are statistically the most common com-
plication occurring in implant surgery. In our 
own series of patients, we have noted a seroma 
rate of 1.3 % (3/220). They typically present as 
new-onset pain, swelling, or asymmetry. The 
treatment of choice remains percutaneous aspira-
tion. This complication is best prevented with 
patient compliance with compression sleeves and 
proper implant placement at the time of surgery, 
thereby minimizing dead space. In the senior 
author’s (NVC) experience, it is noncompliance 
with compression garments and postoperative 
early return to vigorous activity that result in 
seroma formation rather than technical issues.  

    Hematoma 

 Although a rare occurrence due to the relatively 
avascular plane of dissection for the biceps aug-
mentation procedure, a hematoma is always 
 possible if damage is done to the vessels that 
perforate the investing fascia of the arm. Of note 
the cephalic vein, because of its superfi cial 
course in the lateral aspect of the arm, can be 
damaged and care should be taken when per-
forming a subfascial dissection of the lateral 
biceps region. In the event of a hematoma, rapid 
evacuation, pocket irrigation, and reimplanta-
tion are the mainstays of therapy. This complica-
tion is best prevented by meticulous hemostasis 
at the time of surgery and good compression of 
the arm postoperatively to prevent potential 
space creation.  

    Asymmetry 

 This can occur as a product of preexisting vari-
ability in the patient’s arms or variability in dissec-
tion of the pocket bilaterally. This is best 
minimized by good preoperative photography and 

noting any asymmetries preoperatively. To avoid 
creation of asymmetry, it is important to maintain 
the same pattern of dissection and pocket creation 
bilaterally. Ideally, the pocket created should be 
tight and minimize the chance of implant migra-
tion. Should a pocket be over- dissected and 
patients note postoperative asymmetry due to a 
pocket’s over-dissection, the patient may require a 
return to the operating room to adjust the pocket. 
A revision case should be planned for no sooner 
than 3 months postoperatively, allowing a capsule 
to form around the implant. On return to the OR, 
then, the capsule can be tailored to more appropri-
ately fi t around the implant, producing a more 
snug fi t and bringing greater symmetry to the 
arms. In our own series of 220 cases, we have 
noted a rate of asymmetry of 5 % (11/220). Only 
two of the 11 required operative intervention to 
tighten the implant pocket and bring about sym-
metry to the arms.  

    Implant Visibility 

 Regardless of position below the muscle or 
below the fascia, implant visibility is a rare com-
plication. However, those patients that have very 
thin and atrophic arms to begin with may suffer 
from implant palpability and visibility. Patients 
should be counseled on this fact preoperatively 
if there is a feeling that the patient could be at 
risk. If a patient is determined to be thin and 
have minimal development of the biceps brachii 
muscle, the surgeon may elect for placement of 
the implant in a submuscular plane to better 
camoufl age the implant. However, a discussion 
must be had with the patient regarding the 
increased risk of neurovascular injury and a 
greater potential for muscle injury and compart-
ment syndrome.  

    Implant Dislodgment/Migration 

 In the authors’ series of 220 patients, one case of 
implant extrusion occurred. This was noted in a 
23-year-old male patient. The patient had an 
uneventful operation. He presented to the offi ce 
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1.5 months postoperatively complaining of a 
noticeable protrusion around the site of opera-
tion. On examination, the patient had the outline 
of the implant visible in the subcutaneous tissue 
that was fl ipped upside down (Fig.  3.15 ). He was 
taken to the operating room for repositioning of 
the implant as it could not be done manually. He 
later elected to have the implants removed. 
When asked about his activity level in the time 
postoperatively, the patient admitted to begin-
ning his workout regimen in the third postopera-
tive week, demonstrating noncompliance with 
the postoperative instructions. As scar tissue had 
not suffi ciently formed, the implant was able to 
work its way upside down with excessive 
movement.

       Scar Hyperpigmentation 
and Hypertrophy 

 Scar hyperpigmentation was noted in two cases 
(0.09 %). This complication occurred in one 
African American patient and one Hispanic 
patient. The higher Fitzpatrick level may have 
played into this complication. Also, the move-
ment of the arms and tension at the level of the 
axilla may further play into this complication’s 
incidence. The key to reduction of these prob-
lems is careful layered closure. The authors also 
stress the need for scar management for the 
patients and silicone sheeting is recommended 

beginning at 1 month after surgery, provided the 
incision is completely healed.  

    Capsule Contracture 

 This is a possible late sequelae of any implant 
placement, most frequently described in the 
breast augmentation literature. To date, the 
authors have not experienced any cases of capsu-
lar contracture, and this is possibly due to the sig-
nifi cant use of the arms on a regular basis, making 
it diffi cult for signifi cant scar tissue to set up 
around the implant.  

    Wound Dehiscence 

 Wound dehiscence is a product of poor wound 
closure under too much tension typically. In order 
to prevent this, meticulous closure in three layers 
is paramount: fascia, deep dermis, and skin. To 
date, the authors have not experienced any wound 
dehiscence.  

    Nerve Injury 

 Due to the avascular and relatively structure free 
dissection performed in the vast majority of 
cases, permanent nerve injury is rarely a prob-
lem. It is quite common for patients to complain 

  Fig. 3.15    A 23-year-old male patient. The patient had an 
uneventful operation. He presented to the offi ce 
1.5 months postoperatively complaining of a noticeable 
protrusion around the site of operation. On examination, 

the patient was noted to have the outline of the implant 
visible in the subcutaneous tissue that was fl ipped upside 
down. ( Left ) Preoperative. ( Right ) Postoperative after 
implant position was corrected       

 

3 Biceps Augmentation



41

of some numbness over the area of the biceps and 
in the axilla at the site of incision; however   , this 
returns within 1–3 months postoperatively. This 
risk can be minimized by performing the major-
ity of dissection bluntly with the operator’s digit 
rather than using dissectors and potentially creat-
ing greater traction injury. Major motor and sen-
sory defi cits can accompany compartment 
syndrome, and this must be ruled out immedi-
ately if any signifi cant defi cits are appreciated. In 
their work with stacked implants, Abadesso and 
Serra [ 15 ] reported a 6.25 % incidence of neuro-
pathic pain and paresthesia. These patients had 
resolution of their symptoms within 4 months, 
necessitating the use of oral pain medicine, stel-
late ganglion blockade, and physiotherapy in the 
immediate post-injury period. In the authors’ 
series of submuscular augmentations, there were 
6/220 (2.7 %) patients who presented with numb-
ness over the distribution of the lateral antebrach-
ial cutaneous nerve (radial aspect of the forearm). 
However, these complaints were transient and 
sensation returned to normal after 6 weeks with 
no intervention.  

    Compartment Pressure Problems/
Compartment Syndrome 

    Volkman [ 20 ], who fi rst described the phenome-
non of compartment syndrome, believed that the 
pathophysiology was related to massive venous 
stasis associated with simultaneous occurrence of 

arterial insuffi ciency. This in turn prevents proper 
circulation of blood to the muscles and nerves in 
a given compartment of an extremity, as tissue 
pressure increases. Nerve and muscle cells start 
to die within 4–8 h. Compartment syndrome typi-
cally presents as a tensely swollen compartment 
with extreme pain, out of proportion to examina-
tion, on palpation. This is sometimes accompa-
nied by referred pain to the affected compartment 
with passive stretch of muscles distal to the com-
partment. There may or may not be a neuropathy, 
typically described as a burning or prickling sen-
sation, appreciated over the skin of the affected 
region. Finally, the patient may experience frank 
pulselessness or paralysis of muscles in the 
affected compartment. However, the patient who 
presents with these fi nal fi ndings has typically 
progressed beyond the point of muscle salvage. 

 In patients with a compatible history and a 
tense extremity, clinical diagnosis may be suffi -
cient. If the diagnosis is in doubt, compartment 
pressures may be measured with a handheld 
Stryker device. An absolute pressure greater than 
30 mmHg in any compartment, a pressure within 
30 mmHg of the diastolic blood pressure in hypo-
tensive patients, and a patient with a concerning 
history who demonstrates the constellation of 
signs and symptoms of compartment syndrome 
are all possible indications for surgical compart-
ment release via fasciotomy [ 21 ]. In the authors’ 
experience, there was one case of compartment 
syndrome and one case of near-compartment 
syndrome with rhabdomyolysis. 

  Case 1 

  Compartment Syndrome  
 A 38-year-old male patient initially presented 
for consultation to attain greater defi nition in 
his extremity as he had been born with a neu-
romuscular condition producing a frozen 
elbow in his left upper extremity. This pro-
duced a hypoplasia of his biceps and triceps 
muscles on the affected side that was not cor-
rectable with physical therapy and routine 
exercise. He underwent simultaneous biceps 
and triceps implantation, using the smallest 

implants that could be possibly constructed to 
achieve symmetry with the unaffected side. 
Four days postoperatively, the patient pre-
sented with pain in his left upper extremity 
that had been quite severe. He subsequently 
had an opening of his initial incision with 
 serosanguineous drainage being expelled. On 
physical examination, there was a dusky 
appearance to the skin over the bicipital region 
with signifi cant tension noted in the tissues of 
the area. Serosanguineous drainage was noted 
from the axillary incision site. He was taken to 
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  Case 2 

  Near-Compartment Syndrome with Rhab-
domyolysis  
 A 48-year-old male body builder presented for 
simultaneous pectoral and biceps augmenta-
tion as he felt that he did not have suffi ciently 
large pectoralis and biceps despite an aggres-
sive workout regimen. His preoperative blood 
work demonstrated a BUN of 37 (normal range 
6–20 mg/dL) and creatinine of 1.79 (normal 
range 0.7–1.3 mg/dL). It was agreed upon 
that the patient could proceed with surgery 
with plans for aggressive fl uid administration 
intraoperatively. The patient underwent a rou-
tine operation with placement of style 2, size 
3 implants into the pectoral region and style 8, 
size 1 implants into the biceps region (submus-
cular position). The operation was uneventful 
and the patient was discharged home the same 
day of surgery. On the following morning, the 
patient presented for postoperative evalua-
tion claiming to feel weak, having fever, and 
being short of breath. He did complain also of 
some weakness in the right hand as compared 

to the left. At this point, auscultation of the 
lungs demonstrated decreased breath sounds 
at the bases and there was concern of a pos-
sible pneumothorax. The examination of the 
arms did not demonstrate any skin changes or 
excessively tight compartments, but there was 
note of some decreased strength in grip and 
range of motion in the right hand by compari-
son to the left. The patient was urgently sent 
to the emergency room for CXR and labora-
tory testing. Laboratory studies demonstrated 
a white blood cell count of 11.9 (normal range 
4.3–10.0), BUN 113 (normal range 6–20 mg/
dL), creatinine 5.61 (normal range 0.7–1.3 mg/
dL), CPK 16201 (normal 32–294 mcg/L), 
and myoglobin 5413 (normal 0–110 ng/mL). 
A chest x-ray demonstrated no pneumotho-
rax but signifi cant atelectasis with a small 
basilar effusion. The patient was admitted to 
the  medical service for rhabdomyolysis and 
basilar atelectasis. His treatment plan included 
aggressive IV fl uid hydration and alkaliniza-
tion of the urine to prevent further signifi cant 
damage to the kidneys. Pulmonary toilet was 

the operating room, where the initial incision 
was opened and dissection was carried down 
to the bicipital fascia. On opening the bicipital 
fascia, the tension in the bicipital region was 
relieved with serosanguineous drainage being 
expressed. The biceps implant was removed 
and the fascia closed. The skin was closed and 
the patient recovered without incident. He 
returned 6 months later for minor fat grafting 
(50 mL) to the affected limb to bring about 
greater symmetry between the arms. He is cur-
rently happy with the aesthetic result and has 
no long-term sequelae. 

 In this patient, it is clear that the place-
ment of biceps and triceps implants in such a 
hypoplastic upper extremity may have been 
overzealous. Obviously, the addition of so 
much mass to the upper extremity and lack 
of room for stretch produced a potentially 
catastrophic situation in which the patient 

may have been at risk of losing the upper 
extremity. The surgeon, therefore, must be 
careful to not use overly large implants in the 
region nor add too much bulk to the area 
without allowing room for adequate stretch-
ing of the compartment. Currently, for those 
patients that present for triceps and biceps 
augmentation, our standard practice is to 
perform an augmentation of either the triceps 
or biceps region with augmentation of the 
second muscle group after a period of 
3–6 months, allowing for accommodation of 
the added volume in the arm. If patients are 
adamant about wanting a simultaneous aug-
mentation and one-stage procedure, we will 
perform the procedure so long as the patient 
understands that the augmentation achieved 
may be smaller than that which could be 
achieved with an isolated augmentation/
staged procedure.  
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also instituted to help expand the lower poles 
of the lungs. 

 Two days into his hospitalization, the patient 
was showing improvement in renal function, 
his lungs were better infl ated, and he no longer 
had leukocytosis. However, it was noted that 
the patient had not had any improvement in the 
function of his right hand in comparison to the 
left. A neurology consult was requested and 
surgery was asked to evaluate the patient for 
compartment syndrome. On evaluation of the 
arms, the axillary incisions were healing well. 
There was no evidence of infection. The radial 
and ulnar arteries had palpable pulses bilater-
ally. The arms were more tense than normal but 
this was consistent with the recent augmenta-
tion and postoperative edema. After admission 
to the hospital, the patient had been without his 
arm compression wraps as was instructed in 
routine postoperative orders, making the swell-
ing more dramatic. On neurologic examina-
tion, there was a clear weakness of the right 
hand when compared to the left with weakness 
in the ability to pronate the right forearm, 
weakness in opposing the thumb. No obvious 
compartment syndrome was appreciated by 
surgery or by neurology. Continued neurovas-
cular checks were performed to monitor the 
situation. A CT scan was ordered of the arm 
and brachial plexus. There was no evidence of 
implant impingement on structures, and there 
was no evidence of hematomas or seromas 
within the substance of the arm. There was 
some stranding of the biceps muscle noted, 
consistent with postoperative infl ammation. 
There was note of a semiocclusive thrombus in 
the right axillary vein. The patient was started 
on heparin and subsequently transitioned to 
Coumadin for treatment on discharge. After 
7 days in the hospital, the patient was dis-
charged with the creatinine back at baseline, no 
pulmonary issues, and Coumadin for 3 months 
to treat the semiocclusive thrombus. The 
patient’s hand, still with weakness, was felt to 
be associated with the implant surgery and pos-
sible traction on the median nerve. Outpatient 
physical therapy and neurology follow-up were 
ordered. After 1 month, the patient had minor 

improvement in the function of the right hand 
and the patient requested to have the biceps 
implants removed. At the time of surgery, the 
muscle was noted to be viable and not in any 
way compromised, which would not have been 
the case if the patient had suffered compart-
ment syndrome and myonecrosis. The neuro-
vascular bundle was not visualized in the 
dissection. The implants were removed in their 
entirety without diffi culty. Five months postop-
eratively, the patient is continuing with physi-
cal therapy to the arm and has noticed slow but 
steady progress in his strength. 

 It is felt that the patient may have had an 
early pre-compartment syndrome which 
could have produced rhabdomyolysis in addi-
tion to the trauma to the muscle produced by 
the actual surgical procedure. This caused a 
shower of myoglobin to the kidneys, produc-
ing acute renal failure. Of note, the patient’s 
preoperative creatinine indicated renal insuf-
fi ciency. Measures such as aggressive intra-
operative hydration and alkalinization may 
have prevented renal injury, in hind sight. 
Also, admission to the hospital for preopera-
tive hydration may have been considered to 
improve the patient’s creatinine. After surgery, 
in retrospect, the patient and his primary physi-
cian had noticed a worsening of his creatinine, 
which is a common occurrence in body build-
ers according to the literature and the patient’s 
physician [ 22 ,  23 ]. It is now the authors’ stan-
dard practice to advise all patients with border-
line creatinine of the risk of rhabdomyolysis 
and renal insuffi ciency. Also, those patients 
that wish to proceed with surgery despite this 
warning are given aggressive intraoperative 
hydration to prevent signifi cant renal injury. 
His median nerve injury is likely attributable 
to traction injury on the nerve at the time of 
surgery or by pressure exerted on the nerve by 
an adjacent implant. It seems that removal of 
the implant has had a benefi cial result for the 
patient and further supports this theory. For 
this reason, the authors are reluctant to place 
implants in a submuscular plane as clearly 
there is an increased risk of potential neurovas-
cular injury.    

Complications
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    Adjunct Procedures for Upper 
Extremity Contouring 

 Patients seeking contouring of the upper extrem-
ity can present with a constellation of problems 
including lipodystrophy, skin laxity, and muscle 
hypoplasia. In addition to treating the hypoplastic 
muscle with biceps implants, a patient may require 
some combination of liposuction of the arm, fat 
grafting to the arm, and/or excision of excess skin 
with formal brachioplasty. Overzealous tissue 
manipulation at the time of biceps augmentation 
is avoided, and it is recommended that any lipo-
suction, fat grafting, or skin excision be performed 
at a separate procedure (before or after an implant 
surgery) as excessive swelling associated with 
these procedures when combined with the swell-
ing produced by biceps augmentation may pre-
cipitate a compartment syndrome. 

 In patients that present with signifi cant lipo-
dystrophy of the arm but with little in the way of 
laxity of skin, isolated liposuction of the arm may 
be suffi cient [ 24 ,  25 ]. The surgeon must be care-
ful in performing circumferential and superfi cial 
liposuction of the arms as it may lead to unaes-
thetic irregularities particularly in the anterior 
and medial aspects of the arm [ 24 ]. Best results 
are had with liposuction in the deeper layer of 
adipose tissue, using small-diameter cannulas no 
larger than 2.5–3 mm. Chamosa even goes so far 
as to recommend taking some of this harvested 
fat and grafting to the deltoid region to improve 
the contour of the upper extremity, placing the 
maximum width of the arm at the deltoid region. 

 With advances in bariatric procedures, there has 
been an increase in the number of patients present-
ing to the cosmetic surgeon with laxity of skin in the 
arms after massive weight loss. While adding vol-
ume with implants can at times camoufl age the 
overall volume loss in the arm and liposuction can 
take care of stubborn fat deposits, at times excision 
of skin is the only way to produce an aesthetic result 
in the upper extremity. Appelt et al. [ 25 ] recommend 
an algorithmic approach to upper arm contouring to 
help surgeons best manage the spectrum of patients 
who present for improvement in arm contour. Using 
the skin pinch test as a starting point, patients with 
greater than 1.5 cm of fat detectable with the pinch 
test could potentially benefi t from liposuction. 
However, the surgeon must take into account skin 

laxity to assess if liposuction alone is the best option. 
Rohrich [ 26 ] has devised a three-tier classifi cation 
system that has been modifi ed to better defi ne issues 
of skin laxity and fat excess in the upper extremity, 
helping surgeons determine which procedures may 
be applicable to the patient seeking upper arm con-
touring. His initial classifi cation described three 
classifi cations of upper extremity dystrophy: (I) 
minimal skin excess and moderate fat excess, (II) 
moderate skin excess with minimal fat excess, and 
(III) moderate skin excess with moderate fat excess. 
Based on his system, Rohrich recommends upper 
arm contouring with liposuction alone for class I 
patients. He emphasizes the need for long, uniform 
strokes to prevent contour irregularities. Patients 
with type II dystrophy have moderate skin laxity 
with minimal fat excess and are best treated with 
some form of brachioplasty and excision of the 
excess skin. Patients who are type III suffer from 
moderate skin excess and moderate fat excess and 
are best treated with a multimodality therapy (lipo-
suction and brachioplasty) in either a single-stage or 
staged approach [ 26 ].  

    Combined Biceps and Triceps 
Augmentation 

 Very frequently, patients will present to the prac-
tice wishing to add volume to both the triceps and 
biceps regions. In the authors’ early practice, we 
were much more willing to perform this proce-
dure. However, having encountered some patients 
with near-compartment syndrome, the practice 
has been to avoid doing both biceps and triceps 
augmentation simultaneously. In the cases where 
simultaneous augmentations recently were per-
formed, it has been the authors’ preference to 
achieve a smaller augmentation in both muscle 
groups (rather than larger augmentation in an 
 isolated muscle group) to possibly avoid compli-
cations such as compartment syndrome.  

    Biceps Augmentation 
with Fat Grafting 

 Recently, a few patients have requested fat graft-
ing for muscle augmentation. To date, the authors 
have not yet performed this procedure as it is felt 
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  Case 1 (Fig.  3.16 ) 

    A    27-year-old male underwent biceps and pectoral augmentation. The patient wished to have an 
exaggerated appearance. His pectoral implants were style 2, size 3. His biceps implants were 
style 8, size 1.  

that there is not adequate nutritional support for 
grafted fat in the area of the upper extremity. 
Also, due to the rich network of blood vessels 
and nerves, there is a concern for possible trauma 
to these structures. Due to the inconsistency of fat 
take after grafting, the authors do not believe that 
suffi cient and reliable augmentations can be 
achieved as seen with biceps augmentation with 
implants.  

    Author’s Personal Results 

 In reviewing the primary author’s (NVC) own 
experience with the procedure, there have been a 
total of approximately 220 biceps  augmentations 
since introducing the procedure in 2004. Since 

that time, 100 procedures have been performed 
in the submuscular plane and 120 in the sub-
fascial plane. During that time, our seroma rate 
cumulatively has been 1.3 % (3/220). The infec-
tion rate has also been 1.3 % (3/220). The most 
commonly reported complication was asymme-
try, which occurred in 5 % (11/220) of cases. 
This was largely due to one pocket being slightly 
over- dissected when compared to the other. Of 
those patients experiencing asymmetry, only two 
required operative intervention due to signifi -
cant asymmetry as noted by the patient and sur-
geon. The primary author has not had any cases 
of wound dehiscence or capsular contracture. 
Satisfaction with the procedure was noted to be 
95 % (209/220) with the unhappy patients saying 
that they achieved an inadequate augmentation.  

a1 a2 a3 a4

b1 b2 b3 b4

  Fig. 3.16    Case 1. ( a ) Preoperative. ( b ) Postoperative       
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  Case 2 (Fig.  3.17 ) 

    A 45-year-old male wanted a more defi ned 
physique and underwent pectoral, biceps, and 
triceps augmentation. A style 8, size 25 tri-
ceps implant was placed. He had style 8, size 

1 biceps implants placed. He also had a style 
2, size 3 pectoral augmentation. In addition, 
liposuction was performed on the chest with 
excision of glandular tissue in both sides of 
the chest    for gynecomastia.  

a1 a2

b1 b2

  Fig. 3.17    Case 2. ( a ) Preoperative. ( b ) Postoperative       

 

3 Biceps Augmentation



47

  Case 3 (Fig.  3.18 ) 

    A 45-year-old male underwent biceps augmentation with style 8, size 1 implants.  

a1

a2

b1

b2

  Fig. 3.18    Case 3. ( a ) Preoperative. ( b ) Postoperative       
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  Case 4 (Fig.  3.19 ) 

    A 44-year-old male underwent simultaneous biceps augmentation (style 8, size 3) along with 
triceps augmentation (style 8, size 25).  

  Fig. 3.19    Case 4. ( a ) Preoperative. ( b ) Postoperative         

a1

a4

a7 a8

a5 a6

a2 a3 
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b1

b4

b7 b8 b9

b10

b5 b6

b2 b3

Fig. 3.19 (continued)
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  Case 5 (Fig.  3.20 ) 

    A 54-year-old male underwent biceps augmentation with style 8, size 1 implants.  

a b

  Fig. 3.20    Case 5. ( a ) Preoperative. ( b ) Postoperative       
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  Case 6 (Fig.  3.21 ) 

    A 42-year-old male underwent biceps augmentation with style 8, size 1 implants.  

a1 a2 a3

b1 b2 b3

  Fig. 3.21    Case 6. ( a ) Preoperative. ( b ) Postoperative       
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  Case 7 (Fig.  3.22 ) 

    A 38-year-old male underwent biceps augmentation with style 8, size 1 implants and triceps 
augmentation with style 8, size 20 implants.   

a1 a2

b1 b2

  Fig. 3.22    Case 7. 
( a ) Preoperative. 
( b ) Postoperative       

    Conclusions 

 The biceps augmentation operation is a rela-
tively straightforward procedure that affords 
great results. Prudent dissection of the pocket 
for the implant is essential for optimal cos-
metic result and to prevent implant malposi-
tion. The vast majority of dissection during 
the procedure is blunt with natural tissue 

planes, thus preventing any damage to vital 
structures in the upper arm. While a submus-
cular plane has been achieved by the primary 
author and others in the past, it is the author’s 
current practice to place the implant in a sub-
fascial position, affording excellent cosmetic 
results with minimal morbidity.     
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                     Introduction 

    As men are increasingly becoming interested in 
cosmetic surgery, surgeons have to modify proce-
dures and create new ones to meet the needs of 
the male population [ 1 ,  2 ]. With the advent of the 
biceps augmentation in 2004, the introduction of 
the triceps augmentation procedure was a natural 
progression. Many patients presented for muscle 
augmentation surgery and wanted a circumferen-
tial upper extremity augmentation. As there was 
no established procedure or formal implant in 
use, it was necessary to construct an implant that 
would easily fi t below the long head of the triceps 
or under the deep investing fascia of the arm, 
depending on the patient’s needs. This implant 
had to be pliable and yet sturdy enough to resist 
the constant movement of the arm and contrac-
tion of the upper extremity musculature. Using 
the Chugay Biceps Prosthesis as a starting point, 
a custom-designed triceps prosthesis was devel-
oped to help achieve augmentation in the triceps 
area for reconstructive and cosmetic needs.  

    Body Dissatisfaction in Males 

 It stands to emphasize that many men have some 
element of body dysmorphic disorder and wish to 
have a more muscular and “built” physique in 
order to be better accepted in society and by the 
opposite sex [ 3 – 8 ]. Society has created an ideal-
istic model of the male that is oftentimes hard to 
attain with simple diet and exercise alone. For 

this reason, muscle augmentation surgery of the 
upper extremity, both biceps and triceps augmen-
tation, gives a male the opportunity to achieve 
this ideal.  

    History of the Procedure 

 Triceps augmentation really takes its early steps 
in the work done by various surgeons to augment 
the bicipital region. The biceps implant, as men-
tioned previously, was initially used by surgeons 
to help in the reconstruction of soft tissue defects 
of the upper extremity left by signifi cant trauma 
or post-oncologic surgery [ 9 ]. Hodgkinson fur-
ther added to the literature on the use of solid 
silicone implants for restoration of symmetry 
and addition of volume to traumatized extremi-
ties [ 10 ]. In his paper from 2006, he discusses 
the use of silicone implants to add volume to the 
upper extremity after ruptures of triceps and 
biceps muscles and in cases of axillary nerve 
injury that showed degeneration of the deltoid 
muscle. 

 Using his experience with biceps augmenta-
tion and having a good understanding of the 
upper extremity musculature and neurovascular 
structures, the primary author sought to begin 
performing triceps augmentation not only for res-
toration of volume following traumatic injury or 
as a result of congenital abnormalities but to aid 
those patients who wished to increase the volume 
of the triceps region purely for vanity [ 11 ,  12 ]. In 
2010, the primary author published his work on 
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14 patients that received triceps augmentation 
from 2008 to 2010 [ 13 ]. All of the initial proce-
dures were performed via an incision in the axilla 
and placement of the implant primarily in the 
submuscular plane. In the primary author’s expe-
rience, greater risks for complications were pos-
sible with placement of the implant under the 
muscle, as in biceps augmentation, and for that 
reason the author routinely uses the subfascial 
plane for augmentation in the vast majority of 
cases. With placement solely beneath the fascia, 
the improved contour was similarly noted but 
without the increased risk of damage to vital neu-
rovascular structures. 

 In 2012, Abadesso and Serra [ 14 ] published 
their work on 32 cases of biceps augmentation 
for improving the cosmetic appearance of the 
arms. They used calf implants in the submuscular 
plane to achieve the desired augmentation. 
Although the majority of their cases were per-
formed for biceps augmentation, the authors do 
note that they were able to achieve a triceps aug-
mentation in one patient who very much liked the 
aesthetics of his biceps augmentation. Using two 
stacked calf implants secured by a 3-0 nylon 
suture as they did for biceps augmentation, the 
authors placed this stacked set of implants 
beneath the triceps muscle to achieve a triceps 
augmentation. The incision used is the same one 
described for their biceps augmentation, namely, 
an S-shaped    incision in the midarm region over 
the intermuscular septum.  

    Indications 

 Initially, triceps augmentation was introduced as 
a means to treating asymmetries in the arm region 
left due to congenital anomalies and trauma pro-
ducing atrophy of muscles in the upper extremity 
and in those patients who suffered volume defi -
cits secondary to trauma or post-oncologic sur-
gery. Triceps augmentation, for purely aesthetic 
reasons, is indicated for the patient who has 
hypoplasia in the area of the triceps muscle. It 
can be used in the patient who has a condition 
from birth resulting in hypoplasia or may be 
applied to a patient who is unsuccessful in achiev-
ing the desired volume in the region of the tri-

ceps, despite aggressive weight training (e.g., 
bodybuilders).  

    Contraindications 

 While not every male presenting for triceps aug-
mentation suffers from muscle dysmorphia/body 
dysmorphic disorder, the surgeon must be aware 
of this and take it into consideration when con-
sidering a patient for muscle augmentation sur-
gery. A patient who seems unrealistic in the goals 
of his surgery should be turned away.  

    Limitations 

 In any initial triceps augmentation, patients are 
instructed on the fact that they can achieve an 
augmentation of approximately 1 inch in added 
circumference of the arm. Larger augmentations 
may require a second operation with larger, cus-
tom implants. Also, patients are instructed that 
while biceps and triceps augmentations can be 
performed, it is safer to separate this into two 
separate surgeries to avoid the risk of compart-
ment syndrome in the upper extremity.  

    Relevant Anatomy 

 The technique described herein is ideal in that it 
avoids major neurovascular structures in the upper 
extremity. The posterior compartment of the arm is 
relatively devoid of major structures in the superfi -
cial planes. However, for completeness sake we 
will review some of the basic anatomy that is perti-
nent to the discussion of triceps augmentation. 

 An axial section through the midarm shows 
much of the relevant anatomy for triceps aug-
mentation (Fig.  4.1 ). Two distinct muscular com-
partments (anterior and posterior) exist and are 
separated by the medial and lateral intermuscular 
septa and humerus [ 15 ]. The medial and lateral 
intermuscular septa arise from the humerus and 
insert into the brachial fascia, which covers the 
superfi cial muscles of the anterior compartment. 
The anterior compartment is composed of the 
biceps brachii, brachialis, and coracobrachialis.
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   The posterior compartment, also covered by 
extensions of the intermuscular septa, is  comprised 
of the triceps muscle, which acts in extension of 
the forearm. The triceps brachii is composed of 
three heads (Fig.  4.2 ). The long head arises by a 
fl attened tendon from the infraglenoid tuberosity 
of the scapula. The lateral head arises from the 
posterior surface of the body of the humerus. The 
medial head arises from the posterior surface of 

the body of the humerus, below the groove for the 
radial nerve. The three heads then converge into 
one triceps tendon which begins about the middle 
of the muscle and inserts into the posterior por-
tion of the olecranon of the ulna. Most superfi cial 
of these three heads is the long head of the tri-
ceps. Also in a very superfi cial position, but more 
laterally, is the lateral head of the triceps muscle. 
The medial head is found deeper, adjacent to the 
medial aspect of the humerus.

   The major neurovascular structures of the arm 
are located in an extracompartmental location on 
the medial aspect of the arm (Fig.  4.3 ). The 
basilic vein plays a major role in the superfi cial 
venous drainage of the upper extremity. It runs 
upward along the medial border of the biceps 
brachii; perforates the deep fascia slightly below 
the middle of the arm; and, ascending on the 
medial side of the brachial artery to the lower 
border of the teres major, continues onward as 
the axillary vein. The brachial artery (a continua-
tion of the axillary artery) commences at the 
lower margin of the tendon of the teres major 
and, passing down the arm, ends about 1 cm 
below the bend of the elbow, where it divides into 
the radial and ulnar arteries. At fi rst, the brachial 
artery lies medial to the humerus; however, it 
gradually moves in front of the bone as it runs 
down the arm, and at the bend of the elbow, it lies 
midway between its two epicondyles. The bra-
chial artery is the major supplier of blood fl ow to 
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  Fig. 4.1    Axial cross section 
of the arm showing 
the humerus with medial 
and lateral intermuscular 
septa that separate anterior 
from posterior compartments 
of the arm. The anterior 
compartment is composed of 
the biceps brachii, brachialis, 
and coracobrachialis. The 
posterior compartment is 
composed of the triceps 
muscle. Major neurovascular 
structures are primarily 
localized to the medial aspect 
of the arm       

  Fig. 4.2    Diagram depicting the triceps muscle, focusing 
on the lateral and long heads of the triceps which are most 
superfi cial and pertinent to the dissection for triceps aug-
mentation. The medial head of the triceps is not 
visualized       
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the upper extremities. Because this artery is 
superfi cial throughout its entire extent, being 
covered in front by the integument and the super-
fi cial and deep fascia, great care should be taken 
to preserve its integrity. The ulnar nerve is simi-
larly located in this medial extracompartmental 
location. It arises from the medial cord of the bra-
chial plexus and descends on the posteromedial 
aspect of the humerus. The nerve supplies motor 
function to the forearm and hand. It is only with 
extensive submuscular dissection that any of 
these major neurovascular structures can be 
encountered as they are removed from the pro-

posed planes of dissection for triceps augmenta-
tion, particularly when performed in the 
subfascial position.

   When considering triceps augmentation, 
structures that are signifi cantly at risk of injury 
are the radial nerve and two of its smaller cutane-
ous branches, the posterior cutaneous nerve of the 
arm (posterior brachial cutaneous nerve) and the 
dorsal antebrachial cutaneous nerve (posterior 
cutaneous nerve of the forearm) (Fig.  4.4 ). The 
radial nerve occupies a position deep within the 
posterior compartment in close proximity to the 
posterior aspect of the humerus and medial head 
of the triceps, approximately 97–142 mm distal 
to the acromion [ 15 ,  16 ] (Fig.  4.5 ). The radial 
nerve is responsible for the innervation of the 
triceps and arises from the seventh and eighth 
cranial nerves. It is really only of note in patients 
receiving submuscular placement of the triceps 
implant. In this case, overaggressive dissection 
near the humerus may put the radial nerve at 

Med. antibrach.
cutan. nerve

Radial nerve

A. profunda
brachii

Sup. ulnar collateral
artery

Inf. ulnar collateral
artery

  Fig. 4.3    Major neurovascular structures located in medial 
aspect of the arm in the extracompartmental space       

ANTERIOR POSTERIOR

  Fig. 4.4    Major sensory nerves of the arm and their 
distribution       
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risk of injury. Immediately adjacent to the radial 
nerve course some of its cutaneous branches, 
namely, the posterior cutaneous nerve of the arm 
and the dorsal antebrachial cutaneous nerve. The 
posterior cutaneous nerve of the arm provides 
sensory innervation for much of the skin on the 
back of the arm (Fig.  4.6 ). The dorsal antebrach-
ial cutaneous nerve, also a branch of the radial, 
provides sensation to the posterior aspect of the 
forearm. Typically the cutaneous branches are at 

greater risk as they are smaller and more fragile 
nerves. Injuries, when encountered, are the result 
of traction injury rather than transection. Traction 
injuries result in a temporary neurapraxia with 
loss of sensation in the posterior arm (poste-
rior cutaneous nerve of the arm) or the forearm 
(dorsal antebrachial cutaneous nerve). Generally 
these nerves are avoided in the dissection of the 
subfascial plane and are really only at risk in sub-
muscular augmentation cases.

         Consultation/Implant Selection 

 The consultation begins with a thorough medical 
history of the patient. Special attention is taken to 
ask specifi cally about trauma to the extremity, his-
tory of vascular insuffi ciency which may put 
blood fl ow at risk, history of venous insuffi ciency 
or arm swelling, and any history of nerve damage 
or sensory defi cits as may be seen in patients with 
diabetes mellitus. Also, patients with histories of 
nerve entrapment disorders should be asked about 
the current state of those nerves and any long-
term sequelae. At the time of consultation, the 
patient is asked what specifi cally about their arm 
bothers them as it may be necessary to combine 
muscle augmentation surgery with adjunct proce-
dures such as liposculpture or brachioplasty to 
achieve the patient’s goals. Preoperative goals are 
assessed at this point. A patient who has unrealis-
tic expectations and is unable to comply with the 
strict postoperative instructions is deemed a poor 
candidate for augmentation. Patients who have 
congenital anomalies, a signifi cant size disparity 
between the two arms, or bilateral hypoplasia are 
informed that several surgeries may be required to 
attain symmetry and achieve the augmentation 
they desire. Patients are also asked about their 
current level of activity and muscle building his-
tory, taking care to inform the patient of the need 
to take at least 1 month of time to recover before 
resuming any vigorous arm building regimens. 

 After completion of the history, the patient’s 
arms are evaluated. First, symmetry of the two 
sides is assessed and any disparity is brought to 
the attention of the patient. Although the majority 
of patients present with a preexisting asymmetry 
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  Fig. 4.5    Radial nerve in its position deep within the arm 
and giving off two of its major cutaneous branches at risk 
for injury in triceps augmentation: posterior cutaneous 
nerve of the arm and the dorsal antebrachial cutaneous 
nerve       
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of the arms, not many patients note the differ-
ence, and this can be a source of medicolegal 
matters in the future. The physician then evalu-
ates the quality of the skin, subcutaneous tissue, 
and muscle. A person who has very thin tissues 
or signifi cant hypoplasia of the triceps may not 
be able to adequately accommodate a large 
implant. Also, a person with thin tissues may 
have to be counseled about the possible need for 
a submuscular placement of the prosthesis. This 
should be accompanied by a discussion of the 
increased risks associated with triceps augmenta-
tion in the submuscular plane. 

 Next, the patient’s arms are measured in cir-
cumference at the midportion of the arm, with the 

patient in fl exed and neutral positions. These 
 measurements are primarily used in the postoper-
ative period to demonstrate the results of augmen-
tation. Another measurement is taken with the 
patient fl exing their triceps muscle. The proximal 
point of the muscle belly is palpated and marked 
as is the distal portion of the muscle belly and this 
is measured. Having this second measurement 
allows one to assess the maximum length of 
implant that can be accommodated in the triceps 
region. The width of the muscle belly is measured 
from its medial to lateral extent while the patient’s 
muscle is fl exed. Based on these latter measure-
ments, the surgeon can choose the implant that 
would best suit the patient’s body habitus.  
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    Available Implants (Table  4.1 ) 

size

1

2

Catalog # Width Length Projection Volume (cc)

600−820 10.0 5.0 2.2

2.2600−825 15.0 6.0

   Table 4.1    Triceps implants 
(Aesthetic and Reconstructive 
Technologies, Inc., Reno, NV)       

        Preoperative Planning and Marking 

 The triceps contour is marked out with a surgical 
marking pen, taking special care to also mark the 
apex of the triceps on contraction as the implant 
must be centered under this point. A marking is 
then made in the axillary region for the initial 
incision in the axilla.  

    Operative Technique 

 The patient is brought to the operating room, 
prepped, and draped in the usual supine position 
with the arms extended. A 3–4 cm incision is made 
in the axillary region with a number 15 blade scal-
pel (Fig.  4.7 ). The skin is elevated by sharp using 
Metzenbaum scissors and blunt fi nger dissection 
(Fig.  4.8 ). The fascia overlying the long head of 
the triceps muscle is identifi ed. Next, an incision 
is made in the fascia with a number 15 blade scal-
pel in the direction of the muscle fi bers (Fig.  4.9 ). 
The long head of the triceps is then visualized 
(Fig.  4.10 ). Stay sutures are then placed into the 
muscle fascia to aid in closure at the end of the pro-
cedure (Fig.  4.11 ). If the patient is to have place-

ment of the implant below the triceps muscle, it 
is at this point that the long head of the triceps is 
split with a hemostat in line with its fi bers. A sub-
muscular plane can then be developed below the 
long head of the triceps muscle primarily, but also 
below the lateral head. This plane seats the implant 
squarely on the humerus. The authors’ preference 
is to create a subfascial pocket for implant place-
ment. Blunt dissection is performed using the 
operator’s digit underneath the fascia overlying the 

  Fig. 4.7    Axillary incision being made       
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long head of the triceps muscle. Once the pocket 
dissection is well underway, a spatula dissector is 
placed underneath the fascia, and the dissection of 
the pocket is completed (Fig.  4.12 ). The plane of 
dissection is continued distally toward the elbow 
until resistance is met. The pocket is packed with 
a sponge and attention is turned to the contralat-
eral side to perform the same procedure. Once 
both sides have been dissected, the lap sponges 
are removed and hemostasis is achieved as neces-
sary with electrocautery. The pocket is irrigated 
with a solution containing cefazolin, gentami-
cin, Betadine, and normal saline. This solution is 

then aspirated. Then, 10 mL of 0.5 % Marcaine is 
instilled into the pocket for postoperative analge-
sia. A custom-made, solid silicone triceps prosthe-
sis is placed underneath the fascia of the long head 
of the triceps muscle or below the muscle in cases 
of submuscular augmentation (Fig.  4.13 ). Once the 
position of the implant is deemed satisfactory, clo-
sure in layers is begun. The fascia is repaired with 
3-0 Vicryl suture (Fig.  4.14 ). The subcutaneous 
tissues are then reapproximated using 4-0 Vicryl 
suture. The skin is then closed in subcuticular 
fashion using 4-0 Monocryl suture. The incision is 
covered with collodion and Robbins tape. Elastic 

a b

  Fig. 4.8    ( a ,  b ) Blunt fi nger dissection down to triceps fascia with use of army navy retractor to provide adequate 
exposure       

a b

  Fig. 4.9    ( a ) Exposed triceps fascia at 3–5 o’clock position ( glistening white ). ( b ) Incision in the triceps fascia       
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 compression wraps are applied to the arms at this 
time. The patient is then returned to the recovery 
room and monitored before discharge home.

              Postoperative Instructions 

 On discharge from the offi ce on the day of sur-
gery, the patients have their arms wrapped in 
elastic compression sleeves to diminish the 

amount of swelling and potential for seroma for-
mation. These sleeves are to be worn at all times 
for a period of 4 weeks. Patients may remove the 
sleeves to shower and to wash the sleeves as 
needed. Patients may begin showering the day 
after surgery, taking care to dry the elastic tape 
over their incisions with a hair dryer on a low 
heat setting. The patient is instructed postopera-
tively to limit the use of the upper extremities 
and to avoid  exertion or any heavy lifting. 

a b

  Fig. 4.10    ( a ) Exposed triceps long head. ( b ) Closer view of the exposed triceps long head       

a b

  Fig. 4.11    ( a ) Stay sutures in place for use at closure in both ends of the fascia. The authors prefer to use dark sutures 
as the distal/down and the light, undyed Vicryl as the proximal/up suture. ( b ) Close-up of sutures in triceps fascia       
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Patients may begin to use their arms as tolerated 
 immediately after  surgery but are restricted from 
heavy lifting or vigorous activity for 4–6 weeks 
postoperatively.  

    Complications 

 In performing triceps augmentation, there is a 
host of potential complications that can arise 
(Table  4.2 ).

      Infection 

 Infection, either superfi cial or deep, is a possibil-
ity in triceps augmentation surgery. The authors’ 
series of 30 patients has demonstrated only one 
superfi cial skin infection that grew  Staphylococcus 
aureus     (MSSA), giving an incidence of 3.3 %. 
The patient was a health-care provider and pre-
sented 1 week after surgery with erythema around 
the incision with minor serous drainage. Prior to 
making the incision, standard practice should be 

a b

  Fig. 4.12    ( a ) Dissection of the subfascial pocket is begun with blunt fi nger dissection. ( b ) Further dissection of the 
pocket is performed with the spatula dissector       

a b

  Fig. 4.13    ( a ) Placement of the triceps implant using a folding over technique. ( b ) Triceps implant 50 % introduced       
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the administration of 2 g of Ancef IV (or 300 mg 
IV clindamycin in a penicillin or cephalosporin 
allergic patient). During the procedure, irrigation 
of the pocket with a standard antibiotic solution 
containing normal saline, Betadine, Ancef, and 
gentamicin should be performed. Postoperatively, 
a 5–10-day regimen of oral antibiotics covering 
normal skin fl ora should be administered. If a 
deep infection occurs, the standard of practice is 
removal of the implant, closure, and possible 
reimplantation in 3–6 months. There are reports 
in other forms of implant surgery that conserva-
tive management and implant salvage are possi-
ble. This should be left at the discretion of the 

surgeon and performed with careful counseling 
of the patient.  

    Seroma 

 Seromas are statistically the most common com-
plication occurring in implant surgery. In the 
authors’ series of patients, a seroma rate of 3.3 % 
(1/30) was noted. They typically present as new 
onset pain, swelling, or asymmetry. The treat-
ment of choice remains percutaneous aspiration. 
This complication is best prevented with patient 
compliance with compression sleeves and proper 
implant placement at the time of surgery, thereby 
minimizing dead space. In the senior author’s 
experience, it is noncompliance with compres-
sion garments and postoperative early return to 
vigorous activity that result in seroma formation 
rather than technical issues.  

    Hematoma 

 Although a rare occurrence due to the relatively 
avascular plane of dissection for the triceps aug-
mentation procedure, a hematoma is always pos-
sible. In the event of a hematoma, rapid evacuation, 
pocket irrigation, and reimplantation are the 
mainstays of therapy. This complication is best 
prevented by meticulous hemostasis at the time of 
surgery and good compression of the arm postop-
eratively to prevent potential space creation.  

    Asymmetry 

 This can occur as a product of preexisting variabil-
ity in the patient’s arms or variability in dissection 
of the pocket bilaterally. This is best minimized by 
good preoperative photography and noting any 
asymmetries preoperatively. To avoid creation of 
asymmetry, it is important to maintain the same 
pattern of dissection and pocket creation bilater-
ally. Ideally, the pocket created should be tight and 
minimize the chance of implant migration. Should 

  Fig. 4.14    Closure of the triceps fascia over the implant, 
completely locking away the implant and hence prevent-
ing superfi cial implant migration       

   Table 4.2    Potential complications of triceps 
augmentation   

 Potential complications of triceps augmentation surgery 

 Infection 
 Seroma 
 Hematoma 
 Asymmetry 
 Implant visibility 
 Hypertrophic scarring 
 Hyperpigmentation of the scar 
 Capsular contracture 
 Wound dehiscence 
 Nerve injury (permanent or temporary, motor or sensory) 
 Compartment syndrome 
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a pocket be overdissected and patients note post-
operative asymmetry due to a pocket’s overdissec-
tion, the patient may require a return to the 
operating room to adjust the pocket. A revision 
case should be planned for no sooner than 3 months 
postoperatively, allowing a capsule to form around 
the implant. On return to the operating room (OR), 
the capsule can be tailored to more appropriately 
fi t around the implant, producing a more snug fi t 
and bringing greater symmetry to the arms. In the 
authors’ series of cases, there was one such case 
with one implant being more distal in the  underarm 
region than the contralateral side. The patient was 
taken to the operating room where a lighted retrac-
tor was used to collapse the pocket distally and 
prevent distal displacement of the implant. The 
roof of the capsule was sewn down to the underly-
ing triceps muscle with a 2-0 Vicryl suture. After 
surgery, the patient experienced no further issues.  

    Implant Visibility 

 Regardless of position below the muscle or below 
the fascia, implant visibility is a rare complication. 
However, those patients that have very thin and 
atrophic arms to begin with may suffer from implant 

palpability and visibility. Patients should be coun-
seled on this fact preoperatively if there is a feeling 
that the patient could be at risk. If a patient is deter-
mined to be thin and have minimal development of 
the triceps muscle, the surgeon may elect for place-
ment of the implant in a submuscular plane to better 
camoufl age the implant. However, a discussion 
must be had with the patient to discuss the increased 
risk of neurovascular injury and a greater potential 
for muscle injury and compartment syndrome.  

    Implant Dislodgment/Migration 

 In the authors’ series there were two cases of 
implant extrusion/migration (6.6 %). The two 
cases were noted in patients who began vigorous 
activity before the recommended 4–6-week cutoff 
point. In both cases, the patients noted that the 
implants were shifted out of position, one being 
fl ipped on itself and the other migrating distally 
(Fig.  4.15 ). The fl ipped implant was manually 
manipulated into its correct position with subse-
quent resumption of compression garments to the 
arm. This patient had no further sequelae. The 
patient with the distally migrated implant opted for 
the removal of the implants to avoid future issues.

  Fig. 4.15    A 64-year-old 
HIV-positive patient (RS) 
underwent triceps augmenta-
tion with custom triceps 
implants for poor defi nition in 
the triceps area. He presented 
3 weeks after surgery with a 
distally displaced implant on 
the right arm after resuming 
exercise early in his postop-
erative period       

 

4 Triceps Augmentation



67

       Scar Hyperpigmentation 
and Hypertrophy 

 There were no any cases of hypertrophic scarring 
for triceps augmentation in the authors’ series. 
The key to reduction of these problems is careful 
layered closure.  

    Capsular Contracture 

 This is a possible late sequela of any implant 
placement, most frequently described in the 
breast augmentation literature. To date, the 
authors have not experienced such a complica-
tion. This may be due to the short experience 
with the procedure and small number of cases. 
However, if it were to occur, the patient would 
likely be started on Accolate 10 mg orally BID 
for 3 months in the hope of softening the capsule. 
If this was unsuccessful, then a return to the OR 
would be warranted for capsulotomies. A capsu-
lectomy would be diffi cult to perform in triceps 
augmentation cases as the arm’s position may be 
prohibitive for attaining good visualization to 
perform such a procedure.  

    Wound Dehiscence 

 Wound dehiscence is a product of poor wound 
closure under too much tension typically. In 
order to prevent this, meticulous closure in 
three layers is paramount: fascia, deep der-
mis, skin. To date, the authors have not expe-
rienced any wound dehiscence in triceps 
augmentation.  

    Nerve Injury 

 Permanent nerve injury is rarely a problem with 
this procedure as the majority of dissection is 
performed in a blunt, atraumatic fashion. It is 
quite common for patients to complain of some 
numbness over the area of the triceps; however, 
this returns within 1–3 months postoperatively. 

This risk can be minimized with the dissection 
being performed bluntly with the operator’s 
digit rather than using dissectors and potentially 
creating greater traction injury. Major motor 
and sensory defi cits can accompany compart-
ment syndrome, and this must be ruled out 
immediately if any signifi cant defi cits are 
appreciated. 

 The authors experienced one case of neura-
praxia. A 32-year-old male, who underwent a 
unilateral triceps augmentation to correct a con-
genital defect, presented the day after surgery 
with weakness in the hand on the operative side, 
with diffi culty writing. His compartments were 
appropriately swollen. A palpable pulse was 
appreciated at the radial and ulnar arteries. 
Gross sensation in the distal hand was intact, 
except for numbness in the fourth and fi fth digit. 
The patient was noted to have a weak grip with 
diffi culty grasping objects. This was consistent 
with ulnar nerve injury. Conservative manage-
ment was decided on with patient consultation. 
The patient’s condition spontaneously resolved 
within 3 weeks of surgery, suggesting a traction 
injury. Admittedly, this was one of the fi rst 
patients who underwent triceps augmentation, 
and the dissection performed was more aggres-
sive than is currently the authors’ practice. This 
may have put unnecessary tension on the ulnar 
nerve resulting in neurapraxia in the distal dis-
tribution of the nerve, affecting the muscles of 
the hand. In this patient, the prosthesis was 
placed in a submuscular plane beneath the long 
head of the triceps muscle. It is now the authors’ 
practice to perform subfascial placement of the 
prosthesis to prevent excessive dissection, 
decrease the incidence of bleeding complica-
tions, and decrease the incidence of neurapraxia 
due to nerve injury. The authors had two cases 
of neurapraxias consistent with traction injury 
of the dorsal antebrachial cutaneous nerve, 
resulting in numbness over the posterior aspect 
of the forearm. These resolved spontaneously 
within the fi rst 3 months postoperatively and 
had no further sequelae. These three neuraprax-
ias    have given us an incidence of temporary 
nerve injury of 10 % (3/30).  

Complications
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    Compartment Pressure Problems/
Compartment Syndrome 

 Volkmann, who fi rst described the phenomenon of 
compartment syndrome, believed that the patho-
physiology was related to massive venous stasis 
associated with simultaneous occurrence of arte-
rial insuffi ciency [ 17 ]. This in turn prevents proper 
circulation of blood to the muscles and nerves in a 
given compartment of an extremity, as tissue pres-
sure increases. Nerve and muscle cells start to die 
within 4–8 h. Compartment syndrome typically 
presents as a tensely swollen compartment with 
extreme pain, out of proportion to examination, on 
palpation. This is sometimes accompanied by 
referred pain to the affected compartment with 
passive stretch of muscles distal to the compart-
ment. There may or may not be a neuropathy, typi-
cally described as a burning or prickling sensation, 
appreciated over the skin of the affected region. 
Finally, the patient may experience frank pulsel-
essness or paralysis of muscles in the affected 
compartment. However, the patient who presents 
with these fi nal fi ndings has typically progressed 
beyond the point of muscle salvage. 

 In patients with a compatible history and a 
tense extremity, clinical diagnosis may be suf-
fi cient. If the diagnosis is in doubt, compart-
ment pressures may be measured with a 
handheld Stryker device. An absolute pressure 
greater than 30 mmHg in any compartment, or 
a pressure within 30 mmHg of the diastolic 
blood pressure in hypotensive patients, or a 
patient with a concerning history who demon-
strates the constellation of signs and symptoms 
of compartment syndrome are all possible indi-
cations for surgical compartment release via 
fasciotomy [ 18 ]. 

 In the authors’ experience in triceps augmenta-
tion, this complication did not occur. However, the 
clinician must always have this diagnosis in the 
back of his mind with any patient in the immediate 
postoperative period who presents with neurovas-
cular issues in the treated extremity, particularly 
when pain is out of proportion to examination and 
poorly controlled with prescribed medications.   

    Adjunct Procedures for Upper 
Extremity Contouring/Treatment 
of Skin Laxity in the Triceps Region 

 Patients seeking contouring of the upper extrem-
ity can present with a constellation of problems 
including lipodystrophy, skin laxity, and muscle 
hypoplasia. In addition to treating the hypoplastic 
muscle with triceps implants, a patient may 
require some combination of liposuction of the 
arm and/or excision of excess skin with formal 
brachioplasty. The authors avoid overzealous tis-
sue manipulation at the time of triceps augmenta-
tion and would recommend that any liposuction 
or skin excision be performed at a separate proce-
dure (before or after an implant surgery) as exces-
sive swelling associated with these procedures 
when combined with the swelling produced by 
triceps augmentation may precipitate a compart-
ment syndrome. 

 In patients that present with signifi cant lipo-
dystrophy of the arm but with little in the way of 
laxity of the skin, isolated liposuction of the arm 
may be suffi cient [ 19 ,  20 ]. The surgeon must be 
careful in performing circumferential and superfi -
cial liposuction of the arms as it may lead to 
unaesthetic irregularities particularly in the ante-
rior and medial aspects of the arm [ 19 ]. Best 
results are had with liposuction in the deeper layer 
of adipose tissue, using small-diameter cannulas 
no larger than 2.5–3 mm. Chamosa even goes so 
far as to recommend taking some of this harvested 
fat and grafting to the deltoid region to improve 
the contour of the upper extremity, placing the 
maximum width of the arm at the deltoid region. 

 Although the authors have used muscle 
implants to augment the triceps region in patients 
with laxity of the skin in the underarm region, 
either due to aging or after massive weight loss, 
the results have been mixed. The authors rarely 
recommend triceps augmentation for pure skin 
laxity in the underarm region as it tends to pro-
duce a hanging mass rather than a fi lling out of 
the lax tissue. This pathology is best treated with 
some form of brachioplasty and direct skin exci-
sion to better contour the extremity.   
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 Case 1 (Fig.  4.16 ) 

    A 78-year-old female presented for signifi cant 
laxity to the underarm region. It was recom-
mended that she undergo brachioplasty for cor-
rection of this problem. However, the patient 
did not wish to have signifi cant scars. As an 
alternative, triceps augmentation was offered in 
the hope of fi lling out the underarm region. 
After augmentation, the patient complained of 
having a signifi cant weight in the underarm 
region without a feeling of signifi cant improve-
ment. For this reason, the author has elected to 
be very selective in patients receiving triceps 
implants for skin laxity correction. The patient 
is shown preoperatively and 2 weeks after sur-
gery with an improvement in overall contour 
and better fi lling of the skin envelope. 

 With advances in bariatric procedures, 
there has been an increase in the number of 
patients presenting to the cosmetic surgeon 
with laxity of the skin in the arms after mas-
sive weight loss. While adding volume with 
implants can at times camoufl age the overall 
volume loss in the arm and liposuction can 
take care of stubborn fat deposits, at times 
excision of skin is the only way to produce an 
aesthetic result in the upper extremity. Appelt 
et al. [ 20 ] recommend an algorithmic approach 
to upper arm contouring to help surgeons best 
manage the spectrum of patients who present 
for improvement in arm contour. Using the 
skin pinch test as a starting point, patients with 
greater than 1.5 cm of fat detectable with the 
pinch test could potentially benefi t from 

a1 a2

b1 b2

  Fig. 4.16    ( a ) Preoperative. ( b ) Postoperative       
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    Triceps Augmentation with Fat 
Grafting 

 Work in autologous fat grafting has prompted 
patients to ask about fat grafting to the triceps 
region. While it might be possible to achieve 
some augmentation in the biceps region due to 
the greater muscle mass in the anterior compart-
ment, it is our belief that fat grafting to the poste-
rior compartment of the arm would likely not 
take well but may also result in an unaesthetic 
result. For that reason, we do not recommend or 
perform fat grafting to the triceps region.  

    Authors’ Personal Results 

 In reviewing the primary author’s (NVC) own 
experience with the procedure, there have been a 
total of approximately 30 triceps augmentations 
performed since introducing the procedure in 
2008. There has been an overall satisfaction rate 
of 96.7 % (29/30). The patient who was 

 dissatisfi ed underwent triceps augmentation for 
severe skin laxity in the underarm region. She did 
not wish to undergo any form of brachioplasty, 
even though it was recommended that she 
undergo a traditional, long incision brachioplasty. 
As an alternative, the patient was offered a small 
triceps implant to give volume to the area and 
perhaps fi ll in all of the loose skin. While she had 
a moderate improvement, the patient felt that the 
arm now appeared more bulky and had hanging 
skin on top of it. 

 Since starting the procedure, ten procedures 
have been performed in the submuscular plane 
and 20 in the subfascial plane. During that time, 
the seroma rate cumulatively has been 3.3 % 
(1/30). The infection rate has also been 3.3 % 
(1/30). Asymmetry was also noted in one case, 
giving an incidence of 3.3 % (1/30). There were 
two cases of implant migration in the group of 30 
patients (6.7 %). There were three cases of neura-
praxia in patients receiving a submuscular triceps 
implant (10 %). There have been no cases of 
wound dehiscence or capsular contracture.  

 liposuction. However, the surgeon must take 
into account skin laxity to assess if liposuction 
alone is the best option. Rohrich [ 21 ] has 
devised a three-tier classifi cation system that 
has been modifi ed to better defi ne issues of 
skin laxity and fat excess in the upper extrem-
ity, helping surgeons determine which proce-
dures may be applicable to the patient seeking 
upper arm contouring. His initial classifi cation 
described three classifi cations of upper 
extremity dystrophy: (I), minimal skin excess 
and moderate fat excess; (II), moderate skin 
excess with minimal fat excess; and (III), 
moderate skin excess with moderate fat 
excess. Based on his system, Rohrich recom-
mends upper arm contouring with liposuction 
alone for class I patients. He emphasizes the 
need for long, uniform strokes to prevent con-
tour irregularities. Patients with type II dystro-
phy have moderate skin laxity with minimal 

fat excess and are best treated with some form 
of brachioplasty and excision of the excess 
skin. Patients who are type III suffer from 
moderate skin excess and  moderate fat excess 
and are best treated with a multimodality ther-
apy (liposuction and brachioplasty) in either a 
single stage or staged approach [ 21 ]. 

 The surgeon may elect to augment the 
biceps and triceps region at the same time. 
In cases that have been performed, the rela-
tive augmentation to each muscle group is 
small compared to an isolated biceps or tri-
ceps augmentation. This smaller augmenta-
tion is performed to avoid complications 
associated with compartment syndrome. 
The surgeon may elect to offer both proce-
dures at the same time but must always err 
on the side of caution to avoid major com-
plications with excessive addition of vol-
ume to the arms. 

4 Triceps Augmentation
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 Case 2 (Fig.  4.17 ) 

    A 38-year-old female presented for biceps and 
triceps augmentation secondary to mild under-
development. Bilateral style 8, size 3 biceps 

implants were placed along with custom tri-
ceps implants (style 8, size 20). She also 
underwent breast augmentation with 400 mL 
Mentor moderate plus silicone gel implants. 

    Patient Cases          

a1 a2

a3 a4

  Fig. 4.17    ( a ) Preoperative. ( b ) Postoperative         
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b1 b2

b3 b4

Fig. 4.17 (continued)
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 Case 3 (Fig.  4.18 ) 

    A 29-year-old male underwent biceps and tri-
ceps augmentation with custom implants. The 

biceps implants were style 8, size 1 and the 
triceps implants were style 8, size 20. 

a1 a2 a3

b1 b2 b3

  Fig. 4.18    ( a ) Preoperative. ( b ) Postoperative       

 

Patient Cases



74

 Case 4 (Fig.  4.19 ) 

    A 24-year-old male underwent triceps aug-
mentation with a custom triceps implant. He 

complained primarily of a poorly developed 
triceps muscle despite a rigorous weight train-
ing program. 

a1 a2

b1 b2

  Fig. 4.19    ( a ) Preoperative. ( b ) Postoperative       
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 Case 5 (Fig.  4.20 ) 

    A 44-year-old male underwent liposuction of 
the abdomen with bilateral biceps, pectoral, 
and triceps augmentation. The patient received 

style 2, size 1 pectoral implants (not demon-
strated). He received style 8, size 1 biceps 
implants. Lastly, style 8, size 20 triceps 
implants were placed. 

a b

  Fig. 4.20    ( a ) Preoperative. ( b ) Postoperative       
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 Case 6 (Fig.  4.21 ) 

    A 27-year-old male underwent triceps 
 augmentation with style 8, size 25 triceps 

implants as he was unable to develop ade-
quate triceps defi nition with conventional 
workouts. 

a1 a2

b1 b2

  Fig. 4.21    ( a ) Preoperative. ( b ) Postoperative       
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 Case 7 (Fig.  4.22 ) 

    A 44-year-old male underwent biceps and tri-
ceps augmentation. He received style 8, size 

25 triceps implants and style 8, size 3 biceps 
implants. 

a1

b1

a2

b2

a3

b3

  Fig. 4.22    ( a ) Preoperative. ( b ) Postoperative       
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 Case 8 (Fig.  4.23 ) 

    A 54-year-old male underwent bilateral biceps 
augmentation with style 8, size 1 implants and 

triceps augmentation with style 8, size 25 tri-
ceps implants. 

a b

  Fig. 4.23    ( a ) Preoperative. ( b ) Postoperative       

 Case 9 (Fig.  4.24 ) 

    A 47-year-old male underwent bilateral biceps 
and triceps augmentation with style 8, size 1 

implants (biceps) and style 8, size 25 implants 
(triceps). He had normal development but 
wanted better defi nition and increased volume. 

a b

  Fig. 4.24    ( a ) Preoperative. ( b ) Postoperative       
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    Conclusions 

 The triceps augmentation procedure is an 
excellent complement to the augmentation of 
the biceps region. While it is not recom-
mended to perform both augmentations at the 
same time due to the risk of compartment syn-
drome, they can very easily be performed 
3–6 months apart with excellent results. 
Although triceps augmentation does have sig-
nifi cant utility in the realm of  reconstructive 
surgery to bring about greater symmetry 
between the two arms, it is clear that it can be 
successfully used to augment a hypoplastic 
triceps region, giving the patient a more mus-
culature and defi ned upper extremity.     
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                     Introduction 

    Initially developed for surgical repair of defi -
ciencies, such as congenital pectoral aplasia, 
pectoral implants can be used to improve the 
appearance of patients with an undeveloped or 
disproportionate chest. Over the past decade, 
there has been increased interest in sculpting 
the ideal male form, as exemplifi ed by provoca-
tive ads of men showing off defi ned abdomens 
and muscular pectoral regions. An adequate 
chest wall is psychologically very important 
for males, denoting fi tness, strength, and power. 
Men are becoming a larger part of the pool of 
cosmetic surgery patients as noted in studies by 
the American Society of Plastic Surgeons and 
the American Academy of Cosmetic Surgery [ 1 , 
 2 ]. For all of these reasons above, pectoral aug-
mentation has become more prevalent among 
men seeking cosmetic surgery as they continue 
to further defi ne their physique. Men want 
to be able to show their chests proudly rather 
than covering when confronted with events that 
reveal the upper torso, such as physical activ-
ity (i.e., sports) or simply relaxing at the beach. 
Using preformed silicone pectoral prostheses, 
the aesthetic surgeon is able not only to correct 
volume defi cits but provide reliable augmenta-
tion of the pectoral region, giving men a more 
defi ned and muscular appearance.  

    Body Dissatisfaction in Males 

 Although discussed in greater depth in the 
 previous chapters, it stands to emphasize that 
many men have some element of body dysmor-
phic disorder and wish to have a more muscular 
and “built” physique in order to be better accepted 
in society and by the opposite sex [ 3 – 8 ]. Society 
has created an idealistic model of the male that 
is oftentimes hard to attain with simple diet and 
exercise alone. For this reason, muscle aug-
mentation surgery gives a male the opportunity 
to achieve this ideal. While augmentations for 
biceps and triceps are still in their infancy [ 9 – 11 ], 
pectoral augmentation has long been present as a 
means of enhancing the male physique. A man 
with a well-developed chest is seen as being fi t, 
strong, and powerful [ 12 ]. The advent of pecto-
ral implants gave a male with an underdeveloped 
chest something of an option to enhance his chest 
and allow him to strut proudly like a peacock.  

    History of the Procedure 

 Since the 1970s, reconstructive surgeons have 
used solid silicone prostheses to reconstruct chest 
wall defects as a result of Poland’s syndrome 
[ 13 ]. In 1988, Sorenson [ 14 ] described his use 
of silicone prostheses in a subcutaneous plane to 
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correct deformity left as a result of pectus exca-
vatum (Fig.  5.1 ).

   In 1991, Aiache [ 15 ] introduced his technique 
for aesthetic augmentation of the chest with 
cohesive silicone gel implants that have an ana-
tomic design. The Aiache pectoral implant aug-
ments the sternal and costal lower two-thirds of 
the chest (Fig.  5.2 ) [ 15 ,  16 ]. In the same year, 
Novack released his extensive discussion on allo-
plastic implants for men, describing his work 
with various augmentation procedures using 
silicone elastomer implants (Fig.  5.3 ) [ 17 ]. The 
implants that bear his name are a more square- 
shaped implant that provides a more “blocky” 
result with less lateral fullness and increased pos-
teroanterior projection.

    Hodgkinson, in 1997 [ 16 ], reviewed his expe-
rience of 15 years using silicone implants to 
correct a wide range of chest wall deformities, 
including muscular insuffi ciency, Poland syn-
drome, pectus excavatum, and pectoralis muscle 
tears. His work demonstrates the true versatility 
of the implant in being able to correct multiple 
deformities of the chest. Hodgkinson further 
elaborates on the use of pectoral implants to 
 correct deformities left by pectoralis muscle 

tears, rarely discussed in prior publications on 
pectoral implants. He notes that patients on occa-
sion presented years after injuries from high-
impact sports, motorcycle racing, weight lifting, 
and body building [ 16 ]. Although orthopedic 
surgeons will sometimes reattach the pectoralis 
tendon back to the humerus, oftentimes the injury 
goes untreated in the early phase and causes 
patients to present once there is an obvious defor-
mity that is more prominent in the fl exed position 
[ 18 – 20 ]. Hodgkinson recommends a possible 
resection of the bulging protuberant muscle and 
suture repair of the groove produced with con-
traction of the pectoralis. When this is impos-
sible, a custom silicone prosthesis can be used to 
camoufl age the abnormality. Aside from treating 
defects, Hodgkinson goes on to discuss his work 
in pectoral augmentation surgery for treatment of 
muscle insuffi ciency. Through a 5–6 cm incision 
in the axilla, he describes his technique of place-
ment of a silicone implant below the pectoralis 
major muscle. 

 In 1999, the primary author (NVC) published 
his work on pectoral augmentation in 16 patients 

  Fig. 5.1    An example of pectus excavatum in a male       
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  Fig. 5.2    Aiache implant       
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for purely aesthetic purposes [ 21 ]. Describing his 
experience with 16 patients served as one of the 
largest early evaluations of pectoral augmenta-
tion along with its risks and benefi ts. 

 In 2002, Horn [ 22 ] further added to the litera-
ture on pectoral augmentation. In 12 patients, he 
performed pectoral augmentation with implants 
made of a cohesive silicone gel. His implant 
was created to more closely mirror the pectoral 
muscle, being rectangular in shape and having 
an axillary extension. In addition to ten cases of 
straightforward augmentation, Horn describes 
two patients who underwent pectoral augmen-
tation after having undergone liposuction of the 
chest for treatment of gynecomastia and ended 
up dissatisfi ed by sagging skin in the chest. This 
was one of the fi rst cases to describe volumizing 

an empty chest, making pectoral augmentation an 
option for treatment of loose and hanging skin in 
men that have lost signifi cant amounts of weight 
in the chest region. 

 Ruiz introduced the use of buttock implants 
for male chest enhancement in 2003 [ 23 ] and 
2008 [ 24 ]. Using the same technique as previ-
ously described by Aiache, he placed buttock 
implants into the subpectoral space, achieving 
good to excellent results with signifi cant patient 
satisfaction.  

    Indications 

 Initially, pectoral augmentation was introduced 
as a means to treating asymmetries in the pec-
toral region left due to congenital anomalies 
(e.g., Poland’s syndrome and pectus excava-
tum) and in those patients who suffered volume 
defi cits secondary to trauma or post-oncologic 
surgery. Pectoral augmentation, for purely aes-
thetic reasons, is indicated for the patient who 
has hypoplasia in the area of the chest muscle 
and is unable to achieve the desired projection 
despite vigorous exercise or muscle building. 
The last group of patients that may benefi t 
from pectoral augmentation are those that have 
suffered some injury to the pectoral region, 
leaving them with an asymmetry and defect in 
the anterior chest.  

    Contraindications 

 While not every male presenting for pectoral 
augmentation suffers from muscle dysmorphia/
body dysmorphic disorder, the surgeon must be 
aware of this and take it into consideration when 
considering a patient for muscle augmentation 
surgery. A patient who seems unrealistic in the 
goals of his surgery should be turned away.  

    Limitations 

 In any case of pectoral augmentation, realistic 
expectations should be had by the prospective 
patient. A patient who has preexisting asymmetry 

A
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  Fig. 5.3    Novack implant       
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has to understand that despite augmentation there 
will likely be a persistent asymmetry (i.e., nipple 
position or volume). Patients who are severely 
hypoplastic or have some congenital defect may 
require more than one procedure with larger 
custom implants at a second setting to achieve 
dramatic augmentation as an overly aggressive 
augmentation in one setting may put the patient 
at risk of compartment syndrome.  

    Relevant Anatomy 

 The pectoralis major is a thick, fan-shaped mus-
cle that makes up the large part of the volume of 
the anterior thorax and is responsible for adduct-
ing and drawing the arm forward across the front 
of the chest (Fig.  5.4 ) [ 25 ]. It arises from the 
anterior surface of the sternal half of the clavicle, 
from the sternum, from the cartilages of all the 
true ribs with the exception of the fi rst or seventh 
or both, and from the external oblique muscle of 
the abdomen. All of these muscle fi bers join in a 
fl at tendon that is about 5 cm broad and inserts 

into the greater tubercle of the humerus. The pec-
toralis is covered by a very thin pectoral fascia 
that is continuous with the rectus abdominis fas-
cia below and extends cranially to the clavicles 
and laterally to the axilla (Fig.  5.5 ). The pectora-
lis minor sits below the pectoralis major and is a 
triangular-shaped muscle that depresses the point 
of the shoulder, drawing the scapula downward 
and medially toward the thorax. It arises from 
the upper margins and outer surfaces of the third, 
fourth, and fi fth ribs and from the aponeuroses 
covering the intercostal muscles. These fi bers 
pass upward and converge to form a tendon that 
inserts into the coracoid process of the scapula.

    The pectoralis major muscle is supplied by the 
medial and lateral pectoral nerves. More recent 
studies have questioned the validity of this classi-
fi cation saying that there are in fact three pectoral 
nerves noted as follows: medial (inferior branch) 
and lateral (superior and middle branches) 
(Fig.  5.6 ) [ 26 ].

       Medial Pectoral Nerve 

 The medial pectoral nerve (inferior branch) can 
be severed during access to the subpectoral plane 
[ 26 ,  27 ]. This results in a slight loss of the pecto-
ralis major muscle strength. In 62 % of patients, 
the medial pectoral nerve (inferior branch) 
courses through the pectoralis minor to innervate 
the lower two-thirds of the pectoralis major mus-
cle. In the other 38 %, it exits around the lateral 
aspect of the pectoralis minor muscle. The infe-
rior branch of the pectoral nerve is closely asso-
ciated with the lateral thoracic vessels, and care 
must be taken to avoid not only damage to the 
nerve but these vessels. Dissection with fi ngers 
and blunt instruments lessens the risk of injury to 
these structures.  

    Lateral Pectoral Nerve 

 The lateral branch of the pectoral nerve (supe-
rior and medial branches) is also at risk of 
injury with submuscular implant placement as 

  Fig. 5.4    Pectoralis major and relationship to upper 
extremity musculature       
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it  travels on the deep surface of the pectoralis 
major muscle alongside the thoracoacromial 
artery and vein. It provides innervation to the 
upper one-third of the pectoralis major muscle. 
When injured, it produces an atrophy of the ster-
nal aspect of the pectoralis major. Again, dissec-
tion with blunt technique helps to avoid injury 
to these neurovascular structures. The superior 
branch is relatively protected from injury due to 
its straight path to the clavicular portion of pec-
toralis major [ 26 ]. 

 Damage to a single branch of the pectoral 
nerve is typically undetectable; however, injury 
to both the inferior and middle branches can 
produce signifi cant morbidity, namely, pecto-
ralis atrophy, fi brosis, and limitation of shoul-
der movement. Hoffman, in his discussion of 
the anatomy of the pectoral nerves, notes in 
patients that have undergone modifi ed radical 
mastectomy that there is a possibility of injury 
not only to the medial pectoral nerve but also 
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  Fig. 5.5    Pectoralis fascia and cutaneous nerves depicted. Note the relationship of the pectoralis to the serratus anterior 
and deltoid muscle.  C  clavicle,  SC  subclavicular       
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to the lateral pectoral nerve, when dissecting 
in the axilla [ 27 ]. Although frank transection 
of the lateral pectoral nerve is rare, aggressive 
electrocoagulation of the branches of the thora-
coacromial artery and vein can cause adjacent 
nerve injury. For this reason, minimal dissection 
is advised in the axilla, primarily using blunt 
dissection, in the path of dissection to the lat-
eral border of pectoralis major so as to minimize 
 neurovascular injury.  

    Consultation/Implant Selection 

 The consultation begins with a thorough medical 
history on the patient. Special attention is taken 
to ask specifi cally about trauma to the torso and 
any history of nerve damage or sensory defi cits 
as may be seen in patients with diabetes mellitus 
or patients with previous injuries. Also, patients 
with histories of nerve entrapment disorders 
should be asked about the current state of those 
nerves and any long-term sequelae. Preoperative 
goals are assessed at this point. A patient who 
has unrealistic expectations and is unable to 
comply with the strict postoperative instructions 
is deemed a poor candidate for augmentation. To 
best assess the patient’s expectations, we ask the 
patient to supply a picture of a body builder or 
person who demonstrates their “ideal” chest. The 
surgeon is now able to assess whether or not the 
patient’s goals are realistic. Patients who have 
congenital anomalies, a signifi cant size disparity 
between the two sides of the chest, or bilateral 
hypoplasia, are informed that several surgeries 
may be required to attain symmetry and achieve 
the augmentation they desire. Patients are also 
asked about their current level of activity and 
muscle building history, taking care to inform 
the patient of the need to take at least 1 month 
of time to recover before resuming any vigorous 
arm building regimens. 

 After completion of the history, the chest 
is evaluated. First, symmetry of the two sides 
is assessed, and any disparity is brought to the 
attention of the patient. Although the majority 
of patients present with a preexisting asymme-
try of the chest, not many patients note the dif-

ference and this can be a source of medicolegal 
matters in the future. The physician then evalu-
ates the quality of the skin, subcutaneous tis-
sue, and muscle. Any fatty deposits or evidence 
of skin laxity are noted and demonstrated to the 
patient. To evaluate the muscle, the patient’s 
pectoral region is evaluated in standing natu-
ral position as well as in fl exed position. The 
pectoralis is evaluated at its clavicular, sternal, 
and costal attachments, and any asymmetries 
should be noted at this time. Next an evalua-
tion of the skeleton is important. This consists 
of assessing the symmetry of the shoulders 
and rib cage and evaluating the position of the 
sternum. The physician should evaluate the 
patient from the posterior aspect and evaluate 
the scapula and the spine itself, taking note of 
any asymmetries and any evidence of scoliosis 
as this may affect the ability to bring symmetry 
to the anterior thorax. The sternum is evaluated 
and note is made of pectus excavatum or pectus 
carinatum. 

 At this point several measurements are taken 
to determine the best implant for the patient. 
First, the width of the muscle from sternum to 
anterior axillary line is assessed at the lower pole 
of the pectoralis. This measurement is analogous 
to assessing the base width for patients undergo-
ing breast augmentation surgery. Next, the height 
of the pectoralis muscle is assessed by measure 
from the clavicle to the lower border of the mus-
cle in the midclavicular line. 

 Patients who suffer from Poland syndrome 
should have the normal side measured so as best 
to approximate the dimensions on the contra-
lateral side. Custom implants can be made for 
patients desiring a certain look or in those that 
have signifi cant chest wall abnormality. A mou-
lage kit can be used to construct a cast which is 
then sent to the implant manufacturer to create 
the desired implant.  

    Available Implants (Tables  5.1 ,  5.2 , 
 5.3 , and  5.4 ) 

 The authors’ preference is the style two square- 
shaped implant.
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Front

Style 1

Size 1
Size 2
Size 3
Size 4
Size 5
Size 6

Catalog #
500–101
500–102
500–103
500–104
500–105
500–106

Width
14.7
15.4
16.1
15.5
16.1
17.0 

Length
11.4
12.0
13.7
12.0
12.5
14.6

Projection
2.7
3.0
3.1
2.1
2.3
2.5

Volume (cc)
234
273
349
189
222
289

Side

End

   Table 5.1    Style 1 pectoral 
implants (Aesthetic and 
Reconstructive Technologies, 
Inc., Reno, NV)       

Front

Style 2

Size 0
Size 1
Size 2
Size 3

Catalog #
500–200
500–201
500–202
500–203

Width
13.3
13.0
13.8
13.9

Length
14.8
15.4
16.1
16.6

Projection
13.9
2.2
2.7
2.9

Volume (cc)
230
294
367
409

Side

End

   Table 5.2    Style 2 pectoral 
implants (Aesthetic 
and Reconstructive 
Technologies, Inc., 
Reno, NV)       

Front

Style 3
Catalog #
Size 1
Size 2

500–301
500–302

Width
13.8
14.9

Width
18.5
18.9

Projection
2.5
2.7

Volume (cc)
300
328

Side

End

   Table 5.3    Style 3 pectoral 
implants (Aesthetic and 
Reconstructive Technologies, 
Inc., Reno, NV)       
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          Preoperative Planning and Marking 

 With the patient in the standing position, preop-
erative markings can be made so as best to hide 
the incision. The patient’s arm is abducted and 
then raised over the head to clearly defi ne the lat-
eral sweep of the pectoralis major. The patient’s 
natural inframammary fold is also marked. The 
patient is then repeatedly asked to fl ex the pecto-
ralis, and the borders are marked squarely on the 
chest to mark the proposed outline of the muscle 
and hence the implant position. This will help 
to direct dissection intraoperatively (Fig.  5.7 ). 
A 5–6 cm incision is marked in the hair bearing 
area of the axilla. Midline may also be marked 
from the level of the sternal notch down to the 
umbilicus (optional).

       Operative Technique (Figs.  5.8 ,  5.9 , 
 5.10 ,  5.11 ,  5.12 ,  5.13 ,  5.14 ,  5.15 , 
and  5.16 ) 

            The patient is brought to the operating room 
and placed in the supine position with the arms 
abducted to 90°. The patient is prepped and 
draped in sterile fashion. Bilateral axilla and pec-
toral regions are anesthetized with 30–40 mL of 
0.5 % lidocaine with epinephrine, taking care to 
place the anesthetic into the subpectoral plane 
primarily. A 5–6 cm incision is made in the 
axilla in line with preoperative markings with a 

#15 blade scalpel. Dissection is carried through 
the subcutaneous tissues using a combination 
of blunt fi nger dissection and scissor dissection. 
Electrocautery is used as needed for hemostasis. 
Dissection is carried to the edge of pectoralis 
major, and a subpectoral pocket is begun with 
blunt fi nger dissection. The subpectoral plane 
is further developed with an Agris dissector and 
spatula dissector. Dissection in the caudal region 
of the chest is limited so that there is no lower-
ing of the inframammary fold. The dissection in 
the lower pole should be stopped 1–2 cm below 
the areola; otherwise, the implant will be posi-
tioned too low, producing a feminine appearance. 
Medial dissection is taken to the sternal border of 
the pectoralis major. This may be slowly avulsed 
using a serrated wheel dissector to adequately 
create the medial clefting desired in pectoral aug-
mentation surgery. Care is taken not to pass the 
midline as this would produce one large pocket, 
akin to symmastia seen in breast augmentation 
surgery. Lateral dissection should be minimized 
to prevent lateral migration of the implant in the 
future. Once the pocket has been fully dissected, 
it is packed with sponges. Attention is then turned 
to the contralateral side and a similar process is 
undertaken. At this time, the previously placed 
packs are removed one at a time, and hemosta-
sis is attained with the aid of cautery and a long- 
blade lighted retractor. If available, an endoscope 
may be used to evaluate for any bleeding in the 
medial pocket, and this can be cauterized with a 

Front

Style 4

Size 1
Size 2
Size 3
Size 4

Catalog #
500–401
500–401
500–403
500–404

Width
11.4
13.4
14.5
15.5

Length
16.8
16.0
17.0
18.0

Projection
2.3
2.3
2.5
2.5

Volume (cc)
231
349
449
490

End

Side

   Table 5.4    Style 4 pectoral 
implants (Aesthetic and 
Reconstructive Technologies, 
Inc., Reno, NV)       
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long tip cautery or bipolar forceps. The pocket 
is irrigated with a solution containing Betadine, 
normal saline, Ancef, and gentamicin. This irrig-
ant is then aspirated. Ten mL of 0.5 % Marcaine 
is instilled into the pocket for postoperative pain 
control. The implant is then evaluated for pos-
sible trimming. The lateral and superior portions 

of the implant may need to be trimmed sharply 
with scissors to prevent unnatural “show” of the 
implant in areas that are not well protected with 
muscle and subcutaneous tissue. After adjusting 
the contour of the implant, the implant is placed 
into the subpectoral pocket and aesthetics are 
assessed. The implant is placed by folding it in 
half along the long axis of the implant. The con-
tralateral side is done and symmetry is assessed. 
Pocket adjustments can be performed at this time 
with a spatula dissector as needed. Closure is 

a

b

  Fig. 5.7    ( a ,  b ) Preoperative markings defi ning the 
patient’s natural inframammary crease, the lateral sweep 
of the pectoralis and borders of the palpable pectoralis 
when the patient was asked to fl ex. These markings will 
act as a guide to defi ne the borders of dissection for 
implant placement. Over dissection can produce an 
improperly positioned implant       

  Fig. 5.8    Dissection to the edge of pectoralis major       

  Fig. 5.9    Pectoralis major elevated with pectoralis minor 
(vertical fi bers) noted below       
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then begun. The lateral border of the pectoralis 
is sutured to the lateral thoracic wall using 1-0 
Nurulon suture or some other permanent suture. 

This returns the normal anatomy to the area 
and ensures a tight pocket around the implant 
to prevent lateral migration. The subcutaneous 
tissues and deep dermis are approximated with 

  Fig. 5.10    Instruments used in 
creation of subpectoral plane       

a b

  Fig. 5.11    ( a ) Spatula dissection of the pocket. ( b ) Note the medial extent of dissection to release the inferior margin of 
pectoralis major       

  Fig. 5.12    Release of pectoralis major attachments       
  Fig. 5.13    Chest pocket packed with sponges       
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2-0 Vicryl suture. The skin in the axilla is closed 
in subcuticular fashion using 3-0 Vicryl suture. 
Collodion is applied to the incision and Robbins 
tape is applied as a dressing. The chest is wrapped 
with an elastic bandage and the patient is taken to 
the postanesthesia care unit (PACU).  

    Postoperative Care/Instructions 

 On discharge from the offi ce on the day of sur-
gery, the patients have their chest wrapped in 
an elastic bandage to diminish the amount of 
swelling and potential for seroma formation. 
The patient is seen the following day and the 

wrap is removed. The chest is placed into a tight 
spandex vest or has an ACE bandage wrapped 
around the chest. This compression garment is to 
be worn at all times for a period of 4 weeks. The 
patients may remove the compression to shower 
and to wash as needed. Showering begins the 
day after surgery, taking care to dry the tape over 
their incisions with a hair dryer on a low-heat 
setting. The patient is instructed postoperatively 
to limit the use of the upper extremities and to 
avoid exertion or any heavy lifting. Patients may 
begin to use their arms as tolerated immediately 
after surgery but are restricted from heavy lift-
ing or vigorous chest activity for 4–6 weeks 
postoperatively.  

a b

  Fig. 5.14    ( a ,  b ) Trimming of the implant as needed, particularly in the cephalic area to prevent abutting the clavicle 
and in the lateral aspect so that the implant remains completely covered by pectoralis major       

a b

  Fig. 5.15    ( a ) Implant placement. ( b ) Implant 50 % inserted       
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    Complications 

 In performing pectoral augmentation, there is a 
host of complications that can arise (Table  5.5 ).

      Infection 

 Infection, either superfi cial or deep, is a possi-
bility in pectoral augmentation surgery. Prior to 
making incision, standard practice should be the 
administration of 2 g of Ancef IV (or 300 mg 

IV clindamycin in a penicillin or cephalospo-
rin allergic patient). During the procedure, irri-
gation of the pocket with a standard antibiotic 
solution containing normal saline, Betadine, 
Ancef, and Gentamicin should be performed. 
Postoperatively, a 5–10-day regimen of oral 
antibiotics covering normal skin fl ora should be 
administered. If a deep infection occurs, the stan-
dard of practice is removal of the implant, clo-
sure, and possible reimplantation in 3–6 months. 
There are reports in other forms of implant sur-
gery that conservative management and implant 
salvage are possible. This should be left at the 
discretion of the surgeon and performed with 
careful counseling of the patient. The primary 
author’s (NVC) experience has demonstrated an 
infection rate of 3.0 % (8/259). This includes both 
deep and superfi cial space infections. Only one 
of these cases required explantation as it was a 
deep space infection that occurred after multiple 
seroma drainages with persistent fl uid accumu-
lation despite compression and sterile drainage. 
The patient returned 6 months after explantation 
for replacement of the chest implants as he was 
dissatisfi ed by the fl attening of his chest.  

    Seroma 

 Seromas are statistically the most common 
complication occurring in implant surgery. They 

a

b

  Fig. 5.16    ( a ) Fascia and pectoralis major muscle sewn 
down to the lateral thoracic wall with fi rst stitch in posi-
tion and remaining defect at 3 o’clock. ( b ) Pectoralis 
muscle being sewn down with remaining defect at 3 
o’clock position (close)       

   Table 5.5    Potential complications of pectoral 
augmentation   

 Potential complications of pectoral augmentation 
surgery 

 Infection 
 Seroma 
 Hematoma 
 Asymmetry 
 Implant visibility 
 Implant migration 
 “Double-bubble” deformity 
 Hypertrophic scarring 
 Hyperpigmentation of the scar 
 Capsular contracture 
 Wound dehiscence 
 Nerve injury (permanent or temporary; motor or 
sensory) 
 Compartment syndrome 
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typically present as new onset pain, swelling, or 
asymmetry. Patients who have had persistent 
seromas may also show signs of skin blistering 
or a thinning of the skin. This may be the precur-
sor to an exposed implant (Fig.  5.17 ). The treat-
ment of choice remains percutaneous aspiration. 
This complication is best prevented with patient 
compliance with compression vests and proper 
implant placement at the time of surgery, thereby 
minimizing dead space. In the senior author’s 
experience, it is noncompliance with compres-
sion garments and postoperative early return to 
vigorous activity that result in seroma formation 
rather than technical issues. Sorensen’s early 
work with silicone implants for pectus exca-
vatum revealed a seroma rate of 52.9 % (9/17) 
[ 14 ]. In their long-term review of pectus excava-
tum reconstructions with silicone implants, Snel 
et al. noted a seroma rate of 31 % (5/16) [ 28 ]. 
Hodgkinson [ 16 ] in his 15-year review of pecto-
ral augmentation reports a seroma rate of 30 %, 
typically presenting 7–10 days postoperatively. 
The authors’ data has demonstrated a seroma 
rate of 4.2 % (11/259). The seroma rate is very 
low likely due to strict compression of the chest 
for 1 month postoperatively and our emphasis 
on not returning to full activity for 4–6 weeks 
after surgery.

   Primarily treatment of a seroma is aspira-
tion; however, a seroma that is resistant to drain-

age warrants implant removal. Long-standing 
 seromas that fail to resolve can at times cause 
a thinning of the overlying skin and have led to 
exposed implants. Should an implant become 
exposed, immediate implant removal along 
with closure and pocket washout is impera-
tive. The patient may have the implant replaced 
3–6 months later (Fig.  5.18 ).

       Hematoma 

 To date, the authors have not experienced any 
hematomas in the series of patients. In the event 
of a hematoma, rapid evacuation, pocket irriga-
tion, and reimplantation are the mainstays of 
therapy. This complication is best prevented by 
meticulous hemostasis at the time of surgery and 
good compression of the chest postoperatively to 
prevent potential space creation.  

    Asymmetry 

 This can occur as a product of preexisting vari-
ability in the patient’s chest or variability in 
dissection of the pocket bilaterally. This is best 
minimized by good preoperative photography 
and noting any asymmetries preoperatively. To 
avoid creation of asymmetry, it is important 
to maintain the same pattern of dissection and 
pocket creation bilaterally. Ideally, the pocket 
created should be tight and minimize the chance 
of implant migration. Should a pocket be over 
dissected and patients note postoperative 
asymmetry due to a pocket’s over dissection, 
the patient may require a return to the operat-
ing room to adjust the pocket. A revision case 
should be planned for no sooner than 3 months 
postoperatively, allowing a capsule to form 
around the implant. On return to the operating 
room (OR), the capsule can be tailored to more 
appropriately fi t around the implant, typically 
requiring a lateral capsulorrhaphy to prevent 
lateralization of the implant. The authors had an 
asymmetry rate of 6.2 % (16/259). While only 
two of these required surgical intervention to 
achieve a satisfactory result, this complication 
occurred most frequently in patients that had 

  Fig. 5.17    Right pectoralis region with obvious swelling 
consistent with seroma at physical examination. There is 
evidence of blistering at the inferior pole of the right pec-
toralis region consistent with thinning of the skin in the 
area which did eventually lead to an exposed implant 
necessitating removal       
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preexisting asymmetries that were amplifi ed 
by the pectoral augmentation by pushing things 
further forward.  

    Implant Visibility 

 Implant visibility is a rare complication of pecto-
ral augmentation due to the deep plane of implant 
placement below skin, subcutaneous tissue, and 
muscle. However, those patients that have very 

thin and atrophic chests to begin with or who suf-
fer from Poland syndrome may have implants 
that are palpable and visible. Patients should be 
counseled on this fact preoperatively if there is a 
feeling that the patient could be at risk. Another 
way to minimize implant visibility is trimming 
of the implant as needed to maximize muscu-
lar coverage over the implant. This is best done 
with a heavy mayo scissors, taking care to main-
tain smooth edges that would not be visible or 
palpable.  

a b

c

  Fig. 5.18    ( a – c ) A 46-year-old male presented for pecto-
ral augmentation with style 2, size 2 implants. He had 
recurrent seromas that were percutaneously drained over 
the course of 2 months. The patient presented for evalua-
tion after he noted that he “saw” his implant along with 

fl uid leaking from his chest. The patient was urgently 
taken to the OR for removal of his exposed pectoral 
implant. The site of implant exposure was excised ellipti-
cally and closed with interrupted silk sutures. The patient 
is awaiting replacement of his pectoral implant       
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    Implant Dislodgment/Migration 
(Fig.  5.19 ) 

    Sorensen [ 14 ] noted an implant migration rate of 
5.8 % (1/17) in his series of pectus repairs with 
silicone implants. Pereira et al. [ 29 ] noted that 
one out of eight patients (12.5 %) treated in their 
5-year study on Poland syndrome reconstructions 
suffered an implant displacement which pre-
sented 2 months postoperatively with rotational 
shift of the implant. Operative correction is the 
solution for implant dislodgement or migration. 
Oftentimes this complication can be avoided with 
minimal pocket dissection at the time of surgery 
and strict adherence to postoperative instruc-
tions concerning return to full activities (at least 
4–6 weeks postop) and use of compression gar-
ments (24/7 for 1 month).  

    Double-Fold/Double-Bubble 
Deformity 

 This complication is a contour irregularity that 
forms at the inferior pole of the chest region 
where the lower edge of the implant and the lower 
edge of the existing breast tissue are seen as two 
separate creases. This is best prevented with good 
dissection at the primary surgery avoiding exces-
sive caudal dissection.  

    Scar Hyperpigmentation 
and Hypertrophy 

 To date, the authors have not noted any signifi -
cant issues with scar hyperpigmentation in the 
axilla. The key to reduction of these problems is 
careful layered closure as previously described.  

    Capsular Contracture 

 This is a possible late sequelae of any implant 
placement, most frequently described in the 
breast augmentation literature. To date, the 
authors have had three cases of capsular contrac-
ture after pectoral augmentation (1.2 %). Patients 
were initially started on Accolate 10 mg orally 
BID for 3 months in the hope of softening the 
capsule. This was successful in two cases. In one 
case, a return to the OR was necessary to per-
form capsulotomies. By lengthening the axillary 
incision by 2 cm in the anterior aspect, a lighted 
retractor was advanced and radial capsulotomies 
were performed under direct visualization. A 
capsulectomy would be diffi cult to perform in 
pectoral augmentation cases unless a periareolar 
incision was made or a signifi cant lengthening of 
the axillary incision was undertaken.  

    Wound Dehiscence 

 Wound dehiscence is a product of poor wound 
closure under too much tension typically. In order 
to prevent this, meticulous closure in three layers 
is paramount: fascia, deep dermis, and skin. To 
date, we have seen three cases of wound dehis-
cence, none greater than 2 cm (1.2 %). These 
dehiscences occurred in patients that began more 
vigorous activity than recommended before the 
1 month mark. All wounds healed by secondary 
intention with minor local wound care.  

    Nerve Injury 

 Permanent nerve injury is rarely a prob-
lem with this procedure as the majority of 

  Fig. 5.19    Rotated implant. Lateral edge of implant is 
marked to show its degree of rotation       
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 dissection is performed in a blunt, atraumatic 
fashion. It is quite common for patients to 
complain of some numbness over the area 
of the axilla; however, this returns within 
1–3 months postoperatively without sequelae. 
Major motor and sensory deficits can accom-
pany compartment syndrome, and this must be 
ruled out immediately if any significant defi-
cits are appreciated.  

    Compartment Pressure Problems/
Compartment Syndrome 

 Although rarely described as an isolated com-
partment syndrome of the pectoral region, Tarkin 
et al. [ 30 ] described their experience with an 
exercise-induced compartment syndrome of the 
chest and deltoid region. As with compartment 
syndrome of the extremity, nerve and muscle cells 
start to die within 4–8 h. Compartment syndrome 
typically presents as a tensely swollen compart-
ment with extreme pain, out of proportion to 
examination, on palpation. This is sometimes 
accompanied by referred pain to the affected 
compartment with passive stretch of muscles. 
There may or may not be a neuropathy, typically 
described as a burning or prickling sensation, 
appreciated over the skin of the affected region. 
The patient may experience frank pulselessness 
or paralysis of muscles in the affected compart-
ment or distally in the extremities. However, the 
patient who presents with these fi nal fi ndings has 
typically progressed beyond the point of muscle 
salvage. 

 In patients with a compatible history and a 
tense extremity, clinical diagnosis may be suf-
fi cient. If the diagnosis is in doubt, compartment 
pressures may be measured with a handheld 
Stryker device. An absolute pressure greater 
than 30 mmHg in any compartment, or a pres-
sure within 30 mmHg of the diastolic blood 
pressure in hypotensive patients, or a patient 
with a concerning history who demonstrates the 
constellation of signs and symptoms of compart-
ment syndrome are all possible indications for 
surgical intervention and removal of the implant 
immediately.   

    Special Cases of Pectoral 
Augmentation 

    Pectus Excavatum 

 Pectus excavatum, Latin for “hollowed chest,” is a 
deformity of the sternum whereby there is a depres-
sion in this area as a result of abnormal boney and 
cartilaginous development [ 27 ]. It occurs in an 
estimated 1 in 150–1,000 births, with male pre-
dominance (male-to-female ratio of 3:1). Rarely, 
this depression may cause compression of internal 
organs such as the heart and lung; however, more 
than anything the depression results in a cosmeti-
cally distressing defect that brings patients to the 
surgeon for correction [ 31 ,  32 ]. Classically, the 
deformity is corrected with extensive thoracic pro-
cedures such as the Ravitch and Nuss procedures 
which introduce bars to restructure the sternum 
and surrounding bony and cartilaginous struc-
tures [ 1 ,  29 ,  31 ]. The modifi ed Ravitch procedure 
requires exposure of the sternum and surrounding 
area, removal of abnormal cartilages, and fi xation 
of the sternum in a more normal position with 
a metal bar. This metal bar remains in place for 
at least a year and then is removed with another 
operation. While this procedure has a good history 
of correcting the condition, it requires an incision 
(and scar) on the front of the chest to resect the 
abnormal cartilage – an operation that takes several 
hours and requires hospitalization for pain man-
agement. Physical activity is severely restricted for 
several months as the costal cartilages slowly grow 
back together. The Nuss procedure is considered a 
minimally invasive alternative to the Ravitch pro-
cedure. Through two small incisions in the side of 
the chest, an introducer is pushed along posterior 
to the sternum and ribs and anterior to the heart 
and lungs. Then a concave stainless steel bar is 
slipped under the sternum, through the incisions 
in the side of the chest. A third, smaller incision 
is made to insert a thoracoscope used to help 
guide the bar. This bar is left in place. This bar is 
later removed at 2–4 years after initial placement. 
Regardless of the procedure chosen, it requires at 
least two surgeries and may leave patients with 
scars that are not esthetically pleasing and is asso-
ciated with serious complications [ 31 ]. 
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 Rather than correcting the structural defor-
mity, some surgeons began to report success in 
using solid implants to camoufl age the matter 
[ 13 ,  19 ]. Used in both pectus excavatum cases 
and soft tissue deformities of the pectoral region, 
these implants provided a good to excellent cos-
metic result without the need for all the risks 
and complications associated with the surgeries 
typically used to correct the underlying anatomic 
deformity. Snel et al. [ 28 ] sought to further evalu-
ate long-term results with the reconstruction of 
the chest with silicone implants and found that 
there was a satisfaction rate of 83 % in their pop-
ulation of chest wall reconstructions using sili-
cone prostheses. They stress that implant use is 
best reserved for less severe cases of pectus exca-

vatum that present at a more advanced age and 
are able to better participate in decision making 
with the surgeon. 

 In 1997, Hodgkinson [ 16 ] reviewed his experi-
ence of 15 years using silicone implants to correct 
a wide range of chest wall deformities, including 
pectus excavatum. Via a substernal incision, he 
described his technique of developing a pocket 
at the level of the perichondrium/periosteum 
with partial release of the pectoralis muscle. He 
explains the need to trip or thin the implant using 
large scissors to prevent “show” of the implant 
in areas covered only by skin and subcutaneous 
tissue. The implants used for his patients were 
customized using a fi rm moulage plastic kit, pro-
viding implants suited to the  individual patient.     

 Case 1 (Fig.  5.20 ) 

    A 37-year-old male (MG) underwent  pectoral 
augmentation with style 2, size 2 pectoral 
implants (367 mL) along with left chest lipo-
suction for minor asymmetry secondary to 
lipohypertrophy. His primary complaint at 

consultation was a minor defect in his chest 
wall consistent with a mild form of pectus 
excavatum. He denied any associated cardio-
pulmonary issues. He is seen preoperatively 
and 8 months postoperatively. 

a1 a2 a3

b1 b2 b3

  Fig. 5.20    ( a ) Preoperative. ( b ) Postoperative       
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    Poland Syndrome 

 Poland syndrome is a rare deformity of the 
chest whereby there is an underdevelopment or 
absence of the pectoralis major on one side of 
the body [ 31 ]. It is usually associated with web-
bing of the fi ngers (syndactyly) and may also be 
accompanied by nipple or breast deformity. In 
severe cases, there may be partial agenesis of the 
ribs and sternum; scoliosis; absence of the latis-
simus dorsi, serratus anterior, and other nearby 
structures [ 33 ]. Poland syndrome most often 
affects the right side of the body (75 % of the 
time) and occurs more frequently in males than 
females (3:1 ratio). The incidence is estimated 
to be 1 in 7,000–1 in 100,000 live births [ 34 ]. 
While, little disability is noted due to this dis-

order, even in the most severe of cases, patients 
often complain of embarrassment due to a self-
perceived cosmetic deformity [ 33 ]. Thoracic 
surgery may be a means of repairing the defor-
mity if there is evidence of sternal rotation and 
very prominent, projecting costal cartilages. 
Also, latissimus fl aps have been used to replace 
the void in the area of muscle agenesis or under-
development but have been met with unfavorable 
results due to muscle atrophy and contractures 
and unaesthetic back scars [ 31 ]. 

 Several authors over the last two decades have 
suggested implant use to camoufl age the defi -
ciency in the chest region in more minor cases of 
Poland syndrome, helping to bring about greater 
symmetry between the two sides of the anterior 
thorax [ 16 ,  29 ,  33 ]. 

 Case 2 (Fig.  5.21 ) 

    A 31-year-old male (SR) underwent pecto-
ral augmentation with style 2, size 2 pectoral 

implants (367 mL) for a mild case of pectus 
excavatum. He is seen preoperatively and 
1 month postoperatively. 

a1 a2 a3

b1 b2 b3

  Fig. 5.21    ( a ) Preoperative. ( b ) Postoperative       
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      Pectoral Augmentation with Fat 
Grafting 

 Work by Coleman in the fi eld of fat grafting 
has accelerated the surgeon’s understanding of 
what can be done with autologous fat packets. 

To date, the authors have not recommended 
fat grafting for pectoral augmentation as most 
men wish to have a more solid and chiseled 
appearance. Fat is inconsistent in its take but 
most importantly does not provide a fi rm, male 
physique.  

 Case 3 (Fig.  5.22 ) 

    A 28-year-old male presented for correc-
tion of his right pectoralis region. From 
early childhood, he had been diagnosed with 
Poland syndrome. He now wished to attain 
greater symmetry of his chest. The patient 
is seen preoperatively and 1 month postop-
eratively. Although not exactly symmetrical 
(something explained to all Poland patients 

preoperatively), there is signifi cant improve-
ment in symmetry. Preoperative marking of 
the patient is done marking both clavicles as 
this is typically one of the only major land-
marks that one can use. The proposed site of 
implant placement is marked and compared to 
the dimensions of the existing pectoral region. 
Intraoperatively, one can better appreciate the 
signifi cant defect from the basilar view. 

a1 a2

b1 b2 b3 b4

c1 c2 c3 c4

  Fig. 5.22    ( a ) Preoperative marking right chest. ( b ) Preoperative. ( c ) Postoperative       
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    Authors’ Personal Results 

 In reviewing the primary author’s (NVC) own 
experience with the procedure, there have been 
a total of approximately 259 pectoral augmenta-
tions performed since beginning to perform the 
procedure in 1995. During that time, the seroma 
rate has been 4.2 % (11/259). The infection rate 

has also been 3.0 % (8/259). Asymmetry was 
noted in 16 of 259 cases, giving an incidence of 
6.2 % (16/259). There were three cases of cap-
sular contracture in the 259 cases of pectoral 
augmentation (1.2 %). Overall satisfaction with 
the procedure was noted to be 95 % (246/259). 
Dissatisfaction arose because of the patient’s 
complaint of inadequate augmentation.  

    Patient Cases           

 Case 4 (Fig.  5.23 ) 

    A 32-year-old male seeking pectoral augmenta-
tion. He underwent augmentation with style 2, 

size 2 pectoral implants (367 mL). He is seen 
preoperatively and 2 years postoperatively. 

a1 a2 a3 a4 a5

b1 b2 b3 b4 b5

  Fig. 5.23    ( a ) Preoperative. ( b ) Postoperative       

 

5 Pectoral Augmentation



101

 Case 5 (Fig.  5.24 ) 

    A 46-year-old male seeking pectoral, biceps, 
and triceps augmentation. He received style 
8, size 3 biceps implants. He received style 

8, size 20 triceps implants. He also received 
style 2, size 2 pectoral implants. He had minor 
abdominal liposuction (300 mL fat harvested). 
He is seen 1 week postoperatively. 

a1 a2 a3

b1 b2 b3

  Fig. 5.24    ( a ) Preoperative. ( b ) Postoperative       
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 Case 6 (Fig.  5.25 ) 

    A 30-year-old male seeking pectoral aug-
mentation. He underwent augmentation with 

style 2, size 2 pectoral implants (367 mL). 
He is seen preoperatively and 8 months 
postoperatively. 

a1 a2

b1 b2

  Fig. 5.25    ( a ) Preoperative. ( b ) Postoperative       
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 Case 7 (Fig.  5.26 ) 

    A 38-year-old male seeking pectoral 
 augmentation. He underwent augmentation 

with style 2, size 2 implants (367 mL). He is seen 
 preoperatively and 5 months postoperatively. 

a1 a2 a3

b1 b2 b3

  Fig. 5.26    ( a ) Preoperative. ( b ) Postoperative       
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 Case 8 (Fig.  5.27 ) 

    A 23-year-old male underwent pectoral 
augmentation with style 2, size 2 pectoral 
implants (367 mL). 

a1 a2

b1 b2

  Fig. 5.27    ( a ) Preoperative. ( b ) Postoperative       

 

5 Pectoral Augmentation



105

 Case 9 (Fig. 5.28 ) 

    A 27-year-old male underwent pectoral aug-
mentation with style 2, size 3 pectoral implants 

and biceps augmentation with style 8, size 1 
biceps implants. He is seen preoperatively and 
1 month postoperatively. 

b1 b2 b3

a1 a2 a3

  Fig. 5.28    ( a ) Preoperative. ( b ) Postoperative       
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 Case 10 (Fig.  5.29 ) 

    A 45-year-old male underwent bilateral 
biceps, triceps, and pectoral augmentation 
with excision of breast tissue for gynecomas-
tia and liposuction of the chest. He received a 
style 2, size 3 pectoral implant. He received 
a style 8, size 1 biceps implant and a style 8, 
size 20 triceps implant. Three hundred milli-

liter of fat was aspirated from the chest with 
gland excision. He complained of “hanging 
breasts” and wanted a more masculine fi gure. 
Due to the excessive amount of loose skin, he 
was offered a formal breast lift but instead he 
opted for the pectoral implants to fi ll out his 
chest and the loose skin envelope. He is seen 
preoperatively and 4 months postoperatively. 

b1 b2 b3

a1 a2 a3

  Fig. 5.29    ( a ) Preoperative. ( b ) Postoperative       
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 Case 11 (Fig.  5.30 ) 

    A 35-year-old male underwent augmentation 
with style 1, size 3 (349 mL) implants. This 
was one of our early cases, and we have since 

preferred a block shaped implant as these 
early implants used can give a more “breast-
like” appearance to the augmentation. 

b1 b2

a1 a2

  Fig. 5.30    ( a ) Preoperative. ( b ) Postoperative       
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 Case 12 (Fig.  5.31 ) 

    A 26-year-old male underwent pectoral 
 augmentation with style 1, size 3 (349 mL) 
implants. This was one of our early cases, 

and we have since preferred a block shaped 
implant as these early implants used can 
give a more “breast-like” appearance to the 
augmentation. 

b1 b2

a1 a2

  Fig. 5.31    ( a ) Preoperative. ( b ) Postoperative       
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    Conclusions 

 Pectoral augmentation has long stood as an 
option for reconstruction of defects of the 
chest. Beginning in the early 1990s, multiple 
surgeons began to see the benefi t of pectoral 
augmentation to meet the needs of patients 
who wished to augment a hypoplastic chest 
despite attempts to increase chest size with 
conventional and sometimes even aggressive 
exercise regimens. At this time, pectoral aug-
mentation with silicone elastomer implants is 
an excellent way to help men achieve greater 
defi nition and muscularity, bringing them 
closer to the muscular ideals of the “manly 
man” currently widespread in society today.     
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                     Introduction 

    The popular media has put a premium on par-
ticular physical attributes that are attractive, and 
none of these have been more prominent in the 
last two decades than the buttocks. Stars such as 
Shakira, Jennifer Lopez, and Kim Kardashian 
have been revered for their round, plump bot-
toms (Figs.  6.1  and  6.2 ). Cultures such as those 
in South America, which openly display the 
human form, have increasingly sought ways to 
contour the gluteal region as it is considered a 
very important secondary sexual characteristic. 
To that end, many patients present to aesthetic 
practices for augmentation of the buttocks, in 
the hope of making them look shapelier. In 
2006, according to the American Society for 
Aesthetic Plastic Surgery, 2,556 gluteal aug-
mentations were performed in the United States 
[ 1 ]. When considering the patients that are 
undergoing buttock augmentations, the vast 
majority of patients are in the 20–39-year age 
group [ 2 ,  3 ]. Whether fat grafting to the but-
tocks or implant placement is the right choice 
for the patient is at the discretion of the surgeon 
based on physical fi ndings at the time of consul-
tation. Herein, we will discuss the evaluation of 
the gluteal region, discuss the gluteal 
 augmentation procedure, and recommend the 
patients that are best suited for implant surgery 
versus other options.

  6      Buttocks Augmentation 

  Fig. 6.1    Jennifer Lopez       
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        Gluteal Aesthetics 
and Classifi cation Systems 

 Although the standards to defi ne a beautiful but-
tock region may vary slightly from culture to cul-
ture, there is little debate about the allure of the 
hourglass female fi gure. Singh [ 4 ] proposed that 
there is one female body shape (full buttocks and a 
narrow waist) that men universally fi nd attractive; 
and this is defi ned by an ideal female waist to hip 
ratio (WHR) of 0.7. The waist to hip ratio is 
defi ned as the ratio of the circumference of the 
waist at its narrowest point to the circumference of 
the thighs at the level of maximal lateral projection 
(level of the trochanteric depression). (See Chap.   7     

for more details.) A successful gluteal augmenta-
tion procedure is therefore defi ned as one in which 
the surgeon successfully brings the woman as 
close to the ideal WHR of 0.7 as possible [ 5 ]. 

 Since the advent of body contouring surgery, 
many different ways of evaluating the gluteal 
region have been proposed to help surgeons 
achieved optimal results in contouring of and 
around the buttocks. In 2004, Cuenca-Guerra 
et al. [ 6 ] fi rst reported their analysis of more than 
   24,000 images of the gluteal area taken from var-
ious media sources. He defi ned four recognizable 
characteristics of an aesthetically pleasing gluteal 
region (Fig.  6.3 ):
     1.    Two well-defi ned dimples on each side of the 

medial sacral crest that correspond to the 
posterior- superior iliac spines (PSIS)   

   2.    A V-shaped crease (or sacral triangle) that arises 
from the proximal end of the gluteal crease   

  Fig. 6.2    Kim Kardashian       

1

22

3

4

  Fig. 6.3    Cuenca-Guerra Buttock Landmarks. Take note 
of the following:  1  A mild lateral depression that corre-
sponds to the greater trochanter of the femur.  2  Short 
infragluteal folds that do not extend beyond the medial 
two-thirds of the posterior thigh.  3  A well-defi ned dimple 
on each side of the medial sacral crest that correspond to 
the posterior-superior iliac spines (PSIS).  4  A V-shaped 
crease (or sacral triangle) that arises from the proximal 
end of the gluteal crease       
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   3.    Short infragluteal folds that do not extend 
beyond the medial two-thirds of the posterior 
thigh   

   4.    Two mild lateral depressions that correspond 
to the greater trochanter of the femur    
  Centeno in 2006 [ 7 ] described one of the other 

primary methods for evaluation of the buttocks to 
help plan body contouring procedures. From the 
posterior-anterior view of the patient, he defi ned 
eight gluteal aesthetic units that help form an aes-
thetic bottom. By his estimation, the gluteal region 
consists of two symmetrical “fl ank” units, a “sacral 
triangle” unit, two symmetrical gluteal units, two 
symmetrical thigh units, and one “infragluteal dia-
mond” unit (Fig.  6.4 ). Accentuation of these units 
with liposculpture, buttock implants, or hip 
implants would aid in producing a more aestheti-
cally pleasing contour to the buttock region. When 
considering procedures that involve incisions, 
Centeno recommended careful incision placement 
to respect the junctions of these aesthetic units.

   Mendietta in 2006 [ 8 ] described a gluteal eval-
uation system where he analyzed the underlying 
bony framework of the buttocks, the skin, and the 

subcutaneous fat distribution, in addition to the 
musculature of the region. First, he recommended 
an evaluation of the pelvic frame. Next, the glu-
teus muscle is evaluated in its height and width. 
He divided the buttock into four quadrants: upper 
inner, lower inner, upper outer, and lower outer. 
Determination of volume addition should be 
based on analysis of these four quadrants of the 
buttock. Any additional procedures that need to 
be performed (e.g., buttock lift or liposculpture) 
can then be determined by the analysis of these 
defi ned criteria.  

    History of the Procedure 

 Many surgeons on many continents have added 
to the knowledge base and growing amount of 
literature on gluteal augmentation procedures. 
Gluteal augmentation surgery began in 1965 
when Bartels fi rst used a mammary prosthesis 
(Cronin prosthesis) in the gluteal region to pro-
duce a more round and supple bottom side [ 9 ]. 
Subsequently, Cocke in 1973 [ 10 ], Douglas in 

1 2

3

4 5

7 8

6

  Fig. 6.4    The 8 gluteal 
aesthetic units of Centeno 
include  1 ,  2  two symmetrical 
fl ank units,  3  one sacral 
triangle unit,  4 ,  5  two 
symmetrical gluteal units,  7 ,  8  
two symmetrical thigh units, 
and  6  one “infragluteal 
diamond” unit       
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1975 [ 11 ], and Buchuk in 1980 [ 12 ] described 
their early experiences with aesthetic gluteal aug-
mentation. Robles in 1984 [ 13 ] reported on his 
placement of a submuscular gluteal implant with 
an incision in the medial sacral line. In 1991, 
Gonzalez Ulloa [ 14 ] described his 10-year expe-
rience with buttock augmentation. Recently, 
Vergara [ 15 ] presented his 15-year experience 
with the procedure. 

 Over the past three decades of advancements 
in gluteal augmentation, surgeons have proposed 
various methods of performing the augmentation 
to achieve the most aesthetic result with minimal 
complications. Gonzalez Ulloa [ 16 ] is regarded 
by most as one of the great pioneers and grandfa-
thers of buttock augmentation, having begun his 
work late in the 1970s and presenting his work in 
Mexico City in 1977. A large portion of his early 
procedures were performed on patients who had 
suffered severe damage and/or deformation of 
the gluteal region due to silicone, collagen, or 
guaiacol injections. In his early reports of the 
procedure, he recommended placement of the 
implant above the gluteus maximus muscle with 
an incision in the subgluteal sulcus. This subcu-
taneous plane has largely been abandoned by 
many surgeons as it can produce an unnatural 
look and has a large risk of implant migration. 
Robles in 1984 [ 13 ] reported on placement of 
implants in the submuscular plane with an inci-
sion along the medial sacral line. In 1995, the 
primary author evaluated Robles’ work and felt 
that the potential for injury to the sciatic nerve 
was too great and began working to place gluteal 
implants in a more superfi cial submuscular 
space, which would later be termed the “inter-
muscular” space. His initial work on 22 gluteal 
augmentations performed in the intermuscular 
space was published in early 1997 as a “modifi -
cation of buttock augmentation” [ 17 ]. The inter-
muscular space was defi ned as the potential 
space that was visualized between the gluteus 
maximus above and the medius and minimus 
below during surgical dissection. An implant 
could easily be placed into this position, thereby 
minimizing trauma to the gluteus maximus 
 muscle and avoiding injury to deeper muscles 
and neurovascular structures. Vergara and 

Marcos [ 15 ] later described their use of the 
“intramuscular” plane for gluteal implant place-
ment based on cadaver dissections which showed 
an intramuscular anatomic space available for 
augmentation, larger in size than the submuscu-
lar space previously noted by Robles [ 13 ]. This 
paper validated the placement of a silicone pros-
thesis between the fasciculi of the gluteus maxi-
mus muscle and avoided the deeper plane which 
would put the patient at greater risk of sciatic 
nerve injury. However, this description differed 
from that of the primary author in that Vergara 
attempted placement of the implant within the 
gluteus maximus muscle rather than placing the 
implant fully under the maximus muscle. 
Vergara, along with other authors that use the 
intramuscular plane, emphasizes the need for 
maintaining a superior muscle fl ap covering the 
implant that is at least 3 cm thick [ 17 – 19 ]. Later 
in 1997 Peren et al. [ 20 ] described their work 
with augmentations done in the subfascial plane. 
This was then revisited in 2004 by de la Pena 
[ 21 ]. The limitation of the subfascial plane is that 
large volume implants with signifi cant projection 
increase cannot be used due to the tightness of 
the pocket. Additionally, because of its more 
superfi cial position, there is a greater chance of 
implant palpability. Most recently, Gonzalez [ 22 ] 
introduced the XYZ method for gluteal augmen-
tation. Gonzalez uses the same intramuscular 
plane as described by Vergara but introduces a 
means of orienting the gluteal implants to maxi-
mize symmetry and aesthetic results. He defi nes 
a point X as representing the center of the gluteus 
maximus muscular mass at the site of access to 
the submuscular plane. He performs dissection 
cephalically up to a point Y which is just past the 
lower iliac spine. Then along a vector named line 
G, he dissects caudally down to a point Z which 
is at the level of the trochanter and still beneath 
the gluteus muscle. Gonzalez asserts that his 
 technique is important in gluteal augmentation as 
natural and reliable pelvic landmarks are used for 
dissection as preoperative cutaneous markings 
often provided a distorted view of the anatomy 
when the patient is in the prone position for sur-
gery, helping to produce more reliably aesthetic 
outcomes [ 22 ]. 

6 Buttocks Augmentation
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 In considering incision placement for the pro-
cedure, early surgeons worked through bilateral 
infragluteal sulcus incisions [ 9 – 12 ,  14 ]. This was 
then followed by bilateral coccygeal incisions as 
used by Gonzalez Ulloa [ 9 ]. Later surgeons felt 
that less incisions could lead to less postoperative 
morbidity. For this reason, incision placement 
turned to use of a single 5–7 cm incision hidden 
in the intergluteal cleft [ 13 – 15 ,  17 ,  18 ]. Mendietta 
in 2005 [ 23 ] presented his approach to gluteal 
augmentation, suggesting two paramedian inci-
sions in order to decrease the risk of wound 
dehiscence. By placing two incisions, there was 
less trauma to the incision and tension was mini-
mized. Most recently, in 2007, Badin and Vieira 
[ 24 ] discussed their experience with a small 
intergluteal crease incision with pocket dissec-
tion using endoscopic technology aimed at mini-
mizing the risks of sciatic nerve injury and 
maximizing aesthetic gain.  

    Implants Used (Table  6.1 ) 

    In 2006,    De la Pena [ 25 ] described the history of 
gluteal augmentation and briefl y discusses the 
differences in implants used for buttock augmen-
tation between the United States and countries 
outside it. He notes that there are two primary 
types of buttock implants available commer-
cially: semisolid elastomer implants and cohe-
sive gel implants. In 2012, Bortoluzzi Daniel [ 19 ] 
sought to evaluate the durability of gluteal pros-
theses and noted that cohesive gel implants, as 
used in his native Brazil, had a high failure rate 
and risk of rupture when compared to the semi-
solid elastomer-type implants used by surgeons 
in the United States. Cohesive gel implants have 
a shortened useful lifespan due to the fact that 

creases can sometimes fold in the implant itself 
combined with the signifi cant force of 
 compression produced by sitting on the implants. 
Studies performed on breast augmentation 
patients suggest that cohesive gel implants may 
need replacement in 20–40 % of patients at 
8–10 years. Based on the research of Bortoluzzi 
Daniel, this half lift is considerably shorter for 
gluteal implants because of the constant tension 
that they are subjected to. Although the search for 
the ideal implant continues, the semisolid elasto-
mer implant and cohesive gel implant have 
underscored the major developments in buttock 
augmentation surgery. 

 The large majority of the US companies are 
making implants that are semisolid and rigid. 
Implantation of these types of implants does have 
the advantage of not rupturing; however, it can 
lead to a more fi rm buttock region. This is in con-
trast to the implants frequently used in Latin 
American countries that are often made of a 
cohesive gel within a thick and resilient silicone 
shell (Fig.  6.5 ). These implants are softer and 
have a more natural feel according to physicians 
that use them. The major downside of these 
implants, however, is the risk of rupture. In our 
own practice, it is our feeling that implants made 
by AART (Aesthetic and Reconstructive 
Technologies, Inc., Reno, NV) not only provide 
rigidity needed to provide a solid augmentation 
but are pliable enough to make them natural in 
their look and feel when implanted.

    Table 6.1    Types of buttock implants used   

 Implant type  Advantages  Disadvantages 

 Semisolid 
elastomer 

 Does not 
rupture 

 Firmer buttocks 

 Cohesive gel  Soft and 
natural feel 

 Possibility of rupture 

 Less palpable  Not available in the 
United States 

  Fig. 6.5    Cohesive gel implants used for gluteal 
augmentation       
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       Relevant Anatomy 

 In Centeno’s [ 7 ] work, there are four superfi cial 
landmarks that should be identifi ed and poten-
tially accentuated in buttock augmentation/con-
touring. These four areas are the sacral dimples 
(overlying the PSIS), the sacral triangle (formed 
by the two PSIS and the coccyx inferiorly), the 
lateral depression correlating to the greater tro-
chanters of the femur, and the short infragluteal 
fold. When performing buttock augmentation, 
one should be careful not to obliterate these land-
marks and may even consider the adjunctive use 
of liposculpture to further enhance these land-
marks in addition to performing the buttock 
augmentation. 

 The buttock region has investing fascia that 
helps prevent gluteal ptosis and provide struc-
tural support to the gluteal area. The superfi cial 
fascia as described by Lockwood [ 6 ] fuses with 
the deep gluteal fascia at the level of the infraglu-
teal fold to create a tight adherence which needs 
to be respected in augmentation and liposculp-
ture procedures [ 26 ]. A violation of this tight 
adherence can lead to signifi cant gluteal ptosis 
which is diffi cult to reconstruct if lost. In addition 
to helping to create the infragluteal fold, the 
superfi cial fascial system along with the deep 
investing fascia of the gluteus muscle is key to 
providing a sound closure at the end of the proce-
dure and should be employed in a layered closure 
of the midline buttock incision. 

 The muscles that comprise the buttock region 
are several, but the primary volume is formed by 
the three gluteus muscles (Fig.  6.6 ). The gluteus 
maximus muscle originates on the fascia of the 
gluteus medius muscle, the external ilium, 
the fascia of the erector spinae, the dorsum of the 
lower sacrum, the lateral coccyx, and the 
 sacrotuberous ligament [ 27 ]. It inserts on 
the iliotibial tract and proximal femur. The mus-
cle is a powerful extensor of the fl exed femur 
and provides lateral stabilization of the hip. The 
gluteus medius originates on the external ilium 
and inserts on the lateral greater trochanters. It 
acts to abduct the hip and thigh and helps to sta-
bilize the pelvis during standing and walking. 
During dissection, it can be differentiated from 

the gluteus maximus because of its vertically 
oriented fi bers. The gluteus minimus originates 
on the external surface of the ilium and inserts 
on the anterior-lateral greater trochanter. This 
muscle abducts the femur and also serves as a 
pelvic stabilizer.

   Blood supply in the gluteal region is rich and 
reliable. The musculocutaneous structures in the 
gluteal region are largely supplied by the perfo-
rating branches of the superior and inferior glu-
teal arteries, which are terminal branches of the 
internal iliac artery [ 28 ]. Accessory blood supply 
comes from the deep circumfl ex iliac, lumbar, 
lateral sacral, obturator, and internal pudendal 
arteries. The superior and inferior gluteal veins 
provide venous drainage of the region. When 
considering dissection of the gluteus muscle, one 
must be careful to avoid sharp dissection very 
close to the sacrum and sacrotuberous ligament 
as injury to the gluteal arteries can occur [ 22 ]. 

 There is a rich complex of nerves that inner-
vate the muscles of the buttock region and pro-
vide sensation to the overlying skin. They largely 
originate from the lumbosacral plexus. The glu-
teus maximus is innervated by the inferior gluteal 
nerve. This nerve comes from the pelvis to the 

Gluteus medius

Gluteus maximus

Adductor
magnus

lliotibial tract

Biceps femoris

Semimembranosus
Hamstring
group

Gastrocnemius

Semitendinosus

  Fig. 6.6    Gluteal muscles (maximus, medius) depicted 
and their relationship to key muscular structures in the lat-
eral hip/thigh and lower extremity. Gluteus minimus is not 
depicted       
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gluteal area, crossing the great sciatic foramen 
posteriorly and in a way medial to the sciatic 
nerve. It divides into three collateral branches: 
the gluteus (motor nerve of the gluteus maxi-
mus), the perineal, and the femoral (sensory 
nerve). The branches of the inferior gluteal nerve 
are like a crow’s foot when dividing into its 
branches. These branches then course between 
the gluteus muscle and its anterior fascia, with 
the largest segments (fi llets) of this nerve being 
close to the sacrum and sacrotuberous ligament. 
It is for this reason that undermining inside the 
gluteus muscle must never be performed to close 
to the sacrum, the sacrotuberous ligament, or the 
sciatic tuberosity [ 22 ]. 

 The gluteus medius and minimus are inner-
vated by the superior gluteal nerve. Sensation to 
the gluteal region and lateral trunk comes from 
several sources: the dorsal rami of the sacral 
nerve roots 3 and 4, the cutaneous branches of the 
iliohypogastric nerve, and the superior cluneal 
nerves that originate from the L1, L2, and L3 
roots. The iliohypogastric and ilioinguinal 
nerves, branches of the L1 nerve root, supply the 
skin overlying the lateral gluteal region and can 
be injured with aggressive lipocontouring of the 
lateral buttock region. Lastly, the sciatic nerve is 
the largest nerve of the body and originates from 
the nerve roots of L4 through S3 (Fig.  6.7 ). It 
exits the gluteal region through the greater sciatic 
foramen below the piriformis muscle and above 
the superior gemellus muscle to enter the poste-
rior compartment of the thigh. Compression or 
injury of the sciatic nerve may cause loss of func-
tion of the posterior thigh compartment muscles 
and all muscles of the leg and foot and loss of 
sensation in the lateral leg and foot as well as the 
sole and dorsum of the foot [ 29 ].

       Indications 

 Gluteal augmentation with implants is indicated in 
patients who suffer from insuffi ciency of the glu-
teal region. These patients are typically young and 
have good muscle and skin tone but lack volume 
or defi nition to the gluteal region. Gluteal implants 
are also indicated in patients who suffer from 

 ptosis of the gluteal region and wish to have a 
perkier appearance to the buttocks. Another set of 
patients that benefi t from gluteal augmentation 
with implants are those who have a congenital glu-
teal deformity or acquired asymmetry (due to 
trauma, postoperatively, or post-oncologic 
resection).  

    Contraindications/Limitations 

 Relative contraindications to the procedure are 
few and typically deal with tissue irregularities 
in the area to be augmented. One such limitation 
is a depressed scar in the buttock area which 
may require adjunctive procedures to cause a 
release of the scar. Patients who have suffered 
from radiation to the area have a relative contra-
indication to surgery as their tissues may be 
indurated and healing may not be optimal post-
operatively. Another patient who may have a 

Piriformis
muscle

Proximal sciatic
nerve emerging
from the
sciatic notch

Distal bifurcation
of sciatic nerve
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hamstrings
tendons

  Fig. 6.7    Course of the sciatic nerve with its exit at the 
inferior pole of the gluteus muscle. Because of its course, 
this nerve is at risk for injury during submuscular place-
ment of a gluteal prosthesis either by traction injury or by 
direct compression by the implant       
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relative or absolute contraindication to implant 
surgery is the patient who presents with defi -
ciency of the lateral and inferior portions of the 
buttocks. When performing buttock augmenta-
tion with implants, the inferior pole remains 
largely unchanged as too caudal a dissection can 
put the sciatic nerve at risk of injury. For that 
reason patients who have a signifi cant defi -
ciency at the lower pole should be counseled to 
consider fat grafting and implant augmentation. 
Similarly, defi cits in the lateral aspect of the butt 
are largely unchanged with implant augmenta-
tion. Although there will be a slight improve-
ment in the lateral curvature of the buttocks, 
signifi cant defi cits may best be treated with fat 
grafting or possibly a hip implant. Patients who 
suffer from autoimmune diseases may be at 
increased risk postoperatively and should be 
counseled appropriately prior to pursuing any 
implant surgery. A patient who presents with 
unrealistic expectations or suffers from major 
psychological illness is not an appropriate can-
didate for buttock augmentation surgery.  

    Consultation/Implant Selection 

 A thorough history and physical are paramount 
to preventing complications at the time of but-
tock augmentation. Questions are posed regard-
ing the patient’s reasonable attempts to build 
the muscle with conventional means. During 

the consultation, patient’s expectations are 
managed and assessment of the patient’s mental 
state is undertaken. It is made    clear to the 
patient the expected augmentation that can be 
achieved, and limitations of the procedure are 
also explained. 

 After completion of the history portion of the 
consultation, an evaluation of the patient’s buttocks 
is made. Any asymmetries or defects are pointed 
out to the patient. The patient’s muscles are then 
evaluated. The skin and fat content are similarly 
assessed at this time as a patient with minimal adi-
pose and thin skin is more at risk for implant palpa-
bility. Measurements of the patient’s buttocks in 
the transverse axis are then taken in the midportion 
of the gluteal region beginning 1 cm lateral to the 
intergluteal crease and ending at the lateral palpa-
ble edge of the buttock muscle. This measurement 
allows the physician to choose an implant that will 
adequately fi ll out the gluteal region and is analo-
gous to determining the base width in breast aug-
mentation. Measurement of the vertical height of 
the buttock is taken from its most cranial portion to 
its most caudal portion 2 cm short of the infraglu-
teal crease.  

    Available Implants (Tables  6.1 ,  6.2 , 
 6.3 , and  6.4 ) 

    The authors’ preference is the style 3, round 
implant.

Front

Size

1

4

3

4

5

6

Catalog #

501–101 10.4

11.0

13.5

11.1

11.5

12.9

501–103

501–104

501–105

501–106

501–102

Length

15.0

15.6

18.0

16.2

16.6

18.0

Volume (cc)

207

250

545

303

328

435

Projection

2.5

3.1

4.6

3.2

3.6

4.2

Width

Side End

   Table 6.2    Style 1 buttock 
implants (Aesthetic and 
Reconstructive Technologies, 
Inc., Reno, NV)       
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         Preoperative Planning and Marking 

 On the day of the surgery, the patient is met    in the 
preoperative holding area. It is here that the 
patient’s consent is verifi ed and again risks, ben-
efi ts, and alternatives are reviewed with the 
patient. With the patient in the erect position, the 
proposed site of incision is marked, measuring 
approximately 5–7 cm. The site of incision 
should be in the intergluteal cleft, starting at the 
apex of the cleft and proceeding caudally. This 

line of incision must be marked in the upright 
position preoperatively as the intergluteal sulcus 
loses its defi nition when the patient is in the 
prone position during surgery. The area around 
the anus should be respected, and incisions 
should not exceed a 5 cm boundary around the 
anus to avoid injury to the sphincter complex. 
Once the site of the incision is marked, the site of 
the proposed implant is marked taking into 
account the patient’s anatomy and existing defi cit 
along with the desires of the patient (Fig.  6.8 ). 

Size

1

2

3

4

5

6

Catalog #

501–201 12.4

12.7

12.8

13.4

14.6

12.5

501–203

501–204

501–205

501–206

501–202

Length

14.5

15.4

16.5

18.0

19.3

16.4

Volume (cc)

194

234

292

375

575

430

Projection

2.5

2.9

3.3

3.8

4.8

4.6

Width

Front Side End

   Table 6.3    Style 2 buttock 
implants (Aesthetic and 
Reconstructive Technologies, 
Inc., Reno, NV)       

Size

1

0

2

3

4

5

6

6

8

9

10

Catalog #

501–300 10.5

12.5

13.4

14.5

13.5

13.4

15.0

12.5

12.0

15.0

15.0

501–303

501–302

501–304

501–305

501–306

501–307

501–308

501–309

501–310

501–301

Volume (cc)

117

189

276

379

434

301

713

296

215

485

550

Projection

2.5

2.8

3.6

3.8

4.9

3.7

5.5

4.0

3.5

4.5

5.0

Diameter

Front End

   Table 6.4    Style 3 buttock 
implants (Aesthetic and 
Reconstructive Technologies, 
Inc., Reno, NV)       
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The superior excursion of the buttock is marked 
with manual manipulation of the buttock in the 
cephalic direction if liposuction of the hips is to 
be done. The sacral triangle is marked for refer-
ence if liposuction of the sacrum/fl anks is to be 
performed at the same time.

       Operative Technique 

 The patient is brought to the operative suite. 
Anesthesia is administered. The patient is then 
placed in the prone position. The buttocks and 
perianal region are prepped and draped in sterile 
fashion. The previously marked incision site in 
the intergluteal cleft is incised with a #15 blade 
scalpel, taking care not to violate the 5-cm safe 
zone proximal to the anus (Fig.  6.9 ). Dissection is 
carried through the subcutaneous tissues using 
electrocautery, using hooks in the skin to provide 
adequate visualization (Figs.  6.10  and  6.11 ). The 
incision is carried down to the level of the presa-
cral fascia, making sure to maintain the presacral 

  Fig. 6.8    Preoperative markings. Note the superior most 
 horizontal marking  indicating the beginning of the natural 
intergluteal fold. Just below this line is the starting point 
for the intergluteal fold incision. The site of the proposed 
implants is marked preoperatively, taking care to ensure 
that they are evenly placed away from midline (ruler used 
to ensure symmetric placement). The outline of the 
implant helps to control dissection intraoperatively       

  Fig. 6.9    Incision in the intergluteal fold       

  Fig. 6.10    Hooks placed in the skin to aid in dissection of 
the subcutaneous plane, taking care to preserve the presa-
cral fascia which will be used at closure       

  Fig. 6.11    Dissection through the subcutaneous tissue 
using electrocautery       
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fascia intact as the closure will utilize this fascia 
as an anchor to recreate the intergluteal sulcus. 
Dissection is carried laterally to the gluteal fascia 
(Fig.  6.12 ). Dissection is carried laterally for 
approximately 3–4 cm to better expose the gluteal 
fascia. At a point found to be in the midsection of 
the gluteus maximus muscle, the gluteus is split in 
line with its fi bers using a large Kelly clamp to 
achieve a plane below the gluteus  maximus mus-
cle (Fig.  6.12 ). The opening in the gluteus maxi-
mus muscle is then extended using electrocautery 
to create a 6–7 cm defect in the muscle. A spatula 
dissector and hockey stick dissector, along with 
fi nger dissection, are used to further develop this 
plane, in line with the proposed site of implant 
placement (Figs.  6.13  and  6.14 ). The pocket is 
created in such a way that the gluteus maximus 
adequately covers the position of the implant in 
the medial, lateral, and superfi cial levels. The glu-
teus medius and minimus then create the fl oor of 
the implant pocket (Fig.  6.15 ). When considering 
dissection of a buttock augmentation procedure, 
the medial extent of dissection should respect the 
sacral triangle. Care is also taken to minimize dis-
section in the lower third of the buttock which is 
the support zone of the buttock and supports the 
weight of the body when sitting. A key point for 
the novice surgeon at this stage is that one should 
err on the side of a tight pocket to minimize the 
risk of  over- dissection and increased potential for 

implant migration that comes with too loose a 
pocket for the implant. The pocket is then packed 
with peroxide- soaked sponges, and attention is 
turned to the contralateral side for similar dissec-
tion (Fig.  6.16 ). Once all dissection has been com-
pleted, implant pockets are evaluated for 
hemostasis. Hemostasis is achieved as necessary 
with electrocautery. Next, the pocket is irrigated 
with an antibiotic solution containing Betadine, 
normal saline, 80 mg gentamicin, and 1 g of 
Ancef (if the patient is not penicillin allergic). The 
irrigant is then suctioned out. Ten milliliters of 

a b

  Fig. 6.12    ( a ) Subcutaneous tissue has been dissected away from underlying muscle, exposing the gluteus muscle. ( b ) 
Gluteus maximus muscle is split in its midportion in line with its fi bers using a Kelly clamp       

  Fig. 6.13    Initial dissection of the intermuscular plane 
using blunt fi nger dissection       
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a

c

b

  Fig. 6.14    ( a ) Dissection of the intermuscular plane using 
a hockey stick dissector. ( b ) Dissection of the pocket 
using a spatula dissector. ( c ) A serrated dissector may be 

used if there are resistant strands of gluteus muscle that 
need to be freed to accommodate the implant       

  Fig. 6.15    Dissection of the intergluteal plane has been 
completed. The subcutaneous tissues and gluteus maxi-
mus are elevated demonstrating the underlying gluteus 
medius muscle with transversely directed fi bers       

  Fig. 6.16    Lap sponges in position in the intermuscular 
plane       

 

  

6 Buttocks Augmentation



123

0.5 % Marcaine is instilled into the pocket to 
allow for postoperative pain control. Drains are 
placed via stab incisions in the infragluteal fold 
using a #15 blade scalpel. Jackson-Pratt drains are 
then introduced into the pocket and laid into the 
base of the pocket and secured with 3-0 Nylon 
suture (Fig.  6.17 ). The appropriately selected glu-
teal implant is folded in half (like a taco) and 
introduced through the incision in the gluteus 
maximus (Fig.  6.18 ). The implant is placed in the 
contralateral side in the similar fashion. Symmetry 
is then assessed. Once this is deemed to be satis-
factory, closure is begun. A 0-Prolene suture (or 
permanent suture of surgeon’s preference) is then 
used in interrupted fashion to close the gluteus 
muscle and fascia over the implant (Fig.  6.19 ). 
Once the implant has been fully covered, the 
intergluteal incision is closed in layers. First, 2-0 
Vicryl suture is used to reapproximate the deep 
subcutaneous tissues and deep dermis to the pre-
sacral fascia to recreate the gluteal cleft. 3-0 

Vicryl is used as necessary to fully approximate 
the dermis. 3-0 silk sutures in interrupted fashion 
are used to close the skin. The patient’s wound is 
dressed with Neosporin and absorbent pads. The 
patient is then placed in a compression garment. 
Anesthesia is discontinued and the patient is taken 
to the postanesthesia care unit (PACU).

a

c

b

  Fig. 6.17    ( a ) Drain placement via a stab incision in the 
infragluteal fold. ( b ) Close-up view of Kelly clamp being 
extended into the intermuscular pocket with the tip of the 

Kelly spread to accept the drain. ( c ) Drain in position with 
exit in the infragluteal fold       

  Fig. 6.18     Left side  augmented with surgeon now return-
ing to the  right side  for removal of packs and placement of 
right gluteal implant       
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                 Postoperative Care/Instructions 

 Postoperatively the patient may begin ambulating 
starting on the evening of the procedure. They 
may shower POD 2, making sure to keep the 
dressings clean. The buttock region is dried and 
antibiotic ointment is applied in a thin layer. 
Patients are then allowed to begin light activity at 
week 2 and full unrestricted activity at weeks 
4–6. Patients are asked to wear an elastic com-
pression garment for 4 weeks postoperatively to 
prevent dead space, thereby helping to reduce the 
risk of seroma formation. The legs are to be ele-
vated as much as possible to allow for better lym-
phatic/venous drainage. Narcotic analgesics are 
prescribed along with muscle relaxants (diaze-
pam 5 mg every 8 h as needed for spasm) to assist 
with postoperative pain. Patients are placed on 
broad-spectrum antibiotics for 7 days. The 
authors’ preference is to use ciprofl oxacin 
500 mg BID for its broad coverage, both gram 
positive and gram negative. For 2 weeks postop-
eratively, the patient is asked to sleep on their 
abdomen or side and avoid direct pressure to the 
buttocks. After 2 weeks, the patient is cleared to 
sleep on their buttocks and sit on their new bot-
tom side with the intention of slowly stretching 
the newly forming scar capsule. In the early post-
operative period, patients may sit on their bottom 
side but favoring a “bird on a perch” position 

with the majority of bodily weight being focused 
on the posterior thigh region rather than directly 
on the midportion of the buttocks.  

    Complications 

 In performing buttock augmentation, there is a 
host of complications that can arise (Table  6.5 ).

      Infection 

 Infection, either superfi cial or deep, is a possibility 
in hip/lateral thigh augmentation surgery. There is 
a reported infection rate of between 1.4 and 5 % 
in gluteal augmentation surgery, including both 
superfi cial and deep infections [ 15 ,  30 ,  31 ]. The 
most likely culprits would be  Staphylococcus 
aureus  and  Staphylococcus epidermidis , rela-
tively common skin fl ora. However, gram-neg-
ative infections are also possible  secondary to 
the close proximity to the anal canal. Prior to 
making incision, standard practice should be the 
administration of 2 g of Ancef IV (or 300 mg IV 
clindamycin in a penicillin- or cephalosporin- 
allergic patient). During the procedure, irrigation 
of the pocket with a standard antibiotic solution 
containing normal saline, Betadine, Ancef, and 
gentamicin should be  performed. During surgery, 

  Fig. 6.19    Closure of gluteus maximus muscle over the 
underlying implant using permanent suture       

   Table 6.5    Potential complications of buttock augmentation   

 Potential complications of buttock augmentation 
surgery 

 Infection 
 Seroma 
 Hematoma 
 Asymmetry 
 Implant visibility 
 Implant bottoming out/double-bubble deformity 
 Implant rupture 
 Hypertrophic scarring 
 Hyperpigmentation of the scar 
 Capsular contracture 
 Wound dehiscence 
 Nerve injury (permanent or temporary, motor or sensory) 
 Pulmonary embolism 
 Compartment syndrome 
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a  Betadine-soaked gauze is secured over the anus 
to prevent contamination. Postoperatively, a 7–10-
day regimen of oral antibiotics covering normal 
skin fl ora along with gram-negative organisms 
should be administered. The authors’ standard 
practice is administration of ciprofl oxacin 500 mg 
orally twice daily for 7 days postoperatively. If a 
deep infection occurs, the standard of practice 
is removal of the implant, closure, and possible 
reimplantation in 3–6 months. There are reports 
in other forms of implant surgery (breast surgery) 
that conservative management and implant sal-
vage are possible. This should be left to the dis-
cretion of the surgeon and performed with careful 
counseling of the patient. There are reports of late 
postoperative gluteal infections after augmenta-
tion gluteoplasty, but these are quite rare and typi-
cally relate to some trauma to the area [ 32 – 34 ]. 
These delayed infections are typically managed 
with drainage of the abscess, implant removal, 
and antibiotics.  

    Seroma 

 Seromas are statistically the most common com-
plication occurring in implant surgeries. They 
typically present as new onset pain, swelling, or 
asymmetry. The treatment of choice remains per-
cutaneous aspiration. This complication is best 
prevented with patient compliance with compres-
sion garments for 1 month and proper implant 
placement at the time of surgery, thereby mini-
mizing dead space. In larger studies, such as those 
by Vergara and Gonzalez Ulloa, the seroma rate 
for intramuscular augmentations is reported to be 
between 4 and 10 % [ 14 ,  15 ,  20 ,  30 ]. Other large 
volume studies such as those by Senderoff [ 30 ], 
evaluating 200 consecutive augmentation cases, 
report seroma rates as high as 28 %. Seromas are 
best prevented with drain use in the implant 
pocket. The authors’ standard practice is to leave 
Jackson-Pratt drains in place until drainage is less 
than 30 mL/24 h period for 48 consecutive hours. 

 Occasionally, patients will present with recur-
rent seromas that are recalcitrant to drainage. If 
this is the case, a discussion must be had with the 
patient regarding possible implant removal. Some 

patients, however, wish to do everything they can 
to maintain their implant. In this case, the patient 
does run the risk of having tissue thinning of the 
buttock due to the constant pressure of the under-
lying fl uid and implant. In one such case, a 
26-year-old female underwent buttock augmenta-
tion with style 3, size 7 implants and suffered 
from persistent seromas for 1.5 months that were 
aspirated in sterile fashion using an 18-gauge 
needle. After 1.5–2 months   , she was noted to 
have skin thinning in the lower pole of the but-
tock (dependent) and presented with an exposed 
implant on the left side (Fig.  6.20 ). She was taken 
to the operating room for implant removal, pocket 
washout, and closure of the defect in the skin. 
She is awaiting replacement of the left buttock 
implant to re-achieve symmetry of the buttocks.

       Hematoma 

 Although a rare occurrence due to the relatively 
avascular plane of dissection for the hip augmenta-
tion procedure, a hematoma is always a possibility 
in surgical procedures. There is a reported inci-
dence of 2 % in buttock augmentation surgery [ 30 ]. 
Small branches of the lateral circumfl ex femoral 
artery, a branch of the profunda femoris, can be 
injured during the dissection for hip augmentation. 

  Fig. 6.20    A 26-year-old female underwent buttock aug-
mentation with style 3, size 7 implants and suffered from 
persistent seromas for 1.5 months that were aspirated in 
sterile fashion using an 18-gauge needle. After 
1.5–2 months, she was noted to have skin thinning in the 
lower pole of the buttock (dependent) and presented with 
an exposed implant on the  left side . Note opening in cau-
dal portion of left buttock with exposed implant       
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In the event of a hematoma, rapid evacuation, 
pocket irrigation, and reimplantation are the main-
stays of therapy. This  complication is best pre-
vented by meticulous hemostasis at the time of 
surgery and good compression of the buttock post-
operatively to prevent potential space creation. 

 In the authors’ series, there was one case of a 
delayed hematoma. A 46-year-old male, who was 
HIV positive, suffered a delayed hematoma years 
after his initial augmentation (Fig.  6.21 ). He had 
previously undergone buttock augmentation 
11 years ago and then noted in the last several 
months prior to presentation that he had increased 
volume in the buttocks region that was soft to touch. 
He was subsequently taken to the operating room 
(OR) for drainage. Four hundred milliliters of sero-
sanguinous matter was suctioned and likely was the 
result of a capsular tear (Fig.  6.22 ). No active bleed-
ing was noted on evaluation of the region.

        Asymmetry 

 This can occur as a product of preexisting variabil-
ity in the patient’s legs or variability in  dissection 
of the pocket bilaterally. This is best minimized 
by good preoperative photography and noting 
any asymmetries preoperatively (Fig.  6.23 ). To 
avoid creation of asymmetry  intraoperatively, it 
is important to maintain the same pattern of dis-
section and pocket creation bilaterally. Vergara 

[ 15 ], in his 15-year experience with intramus-
cular placement of gluteal implants, reports an 
incidence of 2.6 % of asymmetry. Mendieta [ 31 ] 
reports an incidence of 5 %.

       Implant Visibility/Palpability 

 Due to the intermuscular placement of the 
implant, in our practice, this is indeed a rare 
complication. For surgeons that perform the 
augmentation in the subfascial plane, there is a 
greater risk of implant palpability just by vir-
tue of less tissue covering the implant [ 20 ,  21 , 
 25 ]. Mendieta [ 31 ] in the fi rst large volume US 
study on buttock augmentation with implants 
noted a rate of implant exposure of 2.7 % (2/73). 
However, those patients that have very thin 
and atrophic buttocks to begin with may suffer 
from implant palpability and visibility. Patients 
should be counseled on this fact preoperatively 
if there is a feeling that the patient could be at 
risk. Several authors who espouse the intramus-
cular approach to gluteal augmentation do warn 

  Fig. 6.21    A 46-year-old male, who was HIV positive, 
suffered a delayed hematoma years after his initial 
augmentation       

  Fig. 6.22    Evacuated hematoma in patient with delayed 
hematoma       
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about the risk of becoming too superfi cial in the 
lateral dissection of the implant pocket, which 
could leave the implant exposed, due to the 
tapering of the gluteus maximus muscle in the 
lateral buttock region. For that reason, care must 
be taken in the dissection of the lateral aspect 
of the pocket, making sure to drive the dissector 
into a deeper plane to avoid leaving the implant 
covered only by subcutaneous tissues in the lat-
eral aspect [ 15 ,  22 ,  23 ]. It is for this reason that 
Gonzalez [ 22 ] strongly recommends the XYZ 
approach to intragluteal gluteoplasty, as reli-
able anatomic points of reference may be used 
to guide pocket dissection. In the authors’ prac-
tice, patients did at times present with implants 
that were palpable in the lateral aspect due to 
overly superfi cial dissection in the lateral aspect, 

 leaving the implant not fully covered by muscle 
laterally (Fig.  6.24 ). This can be corrected with 
a reoperation no sooner than 3 months after the 
initial surgery. At the time of the second surgery, 
the surgeon will fi nd a capsule formed and will 
then place the implant below the formed cap-
sule, camoufl aging any lateral implant palpabil-
ity. A partial anterior capsulectomy should also 
be considered at this time to minimize the risk 
of a seroma formation postoperatively in the 
previously created pocket which will now be 
devoid of implant. Also, patients have presented 
to the practice with fl ipped implants (Fig.  6.25 ). 
This has been seen in patients that are thin to 
begin with and have minimal surrounding tissue 
around the implant and experience a fl ipping of 
their implant with movement. An in-offi ce pro-
cedure or manual manipulation at home will 
typically correct this problem. Should this con-
tinue to repeat itself, the surgeon may consider a 
submuscular placement of the implant, but this 

  Fig. 6.23    Patient who presented for buttock augmentation 
and had preexisting asymmetry of the buttocks. There is a 
wider buttock on the  left side  with much more shapely but-
tock on the  right side . The patient has a small indentation 
of the left buttock. The creases inferiorly are also asym-
metric with two creases noted in the right gluteal area 
when compared to the single crease on the left. Cellulite is 
also evident in the buttocks. All of these existing irregulari-
ties should be pointed out to a patient prior to augmenta-
tion as there will still be asymmetry postoperatively       

  Fig. 6.24    Lateral exposed implant in a patient that was 
thin and had dissection in the superfi cial plane laterally 
causing exposure of the implant. This was corrected at 
subsequent surgery with placement of the implant below 
the existing capsule to better hide the implant edge       
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increased risk of neurovascular injury must be 
fully discussed with the patient prior to proceed-
ing down this route.

        Implant Bottoming Out/Double- 
Bubble Deformity 

 With implants placed in the subcutaneous plane, 
there is a risk of implant bottoming out. This 
occurs as there is insuffi cient support around the 
implant to maintain its position. The skin and sub-
cutaneous tissues are left to fi ght gravity and are 
unable to sustain the implant (Fig.  6.26 ). In the 
worst case scenario, the implant can move so far 
inferiorly as to create a double-bubble deformity, 
where the edge of the implant is noted as well as 
the natural crease of the buttock (Fig.  6.27 ). These 
complications are best corrected with implant 
placement in a deeper, intermuscular, intramuscu-
lar, or submuscular position.

a b

  Fig. 6.26    ( a ,  b ) A 33-year-old female had undergone buttock augmentation in 2004 with another physician in the 
subcutaneous plane. Over time, she noted a bottoming out of her implants       

  Fig. 6.25    Flipped right implant in a patient who was 
120 lb at the time of her buttock augmentation and then 
lost 20 lb secondary to illness, creating very thin and loose 
tissues. She was able to easily manipulate the implant into 
position. She is slated for surgery to place the implant in a 
deeper submuscular position       
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        Implant Rupture 

 Implants used in the early days of buttock aug-
mentation, typically breast implants, were fi lled 
with liquid silicone and were subject to rupture 
(Fig.  6.28 ) [ 32 ]. Since that time, the majority of 
US surgeons have begun performing buttock aug-
mentation with semisolid elastomer implants 
which do not have a gel component. While the 
implants used in our practice cannot be ruptured, 
fractures of the implant are possible.

       Scar Hyperpigmentation 
and Hypertrophy 

 The key to reduction of these problems is careful 
layered closure. Patients with a history of keloid 
or hypertrophic scar formation may require the 
use of steroid injected at the site of incision. 
Careful layered closure can produce very aesthet-
ically pleasing scars that are diffi cult to notice. In 
addition, the use of silicone gels and silicone 

sheeting may help patients achieve nearly “invis-
ible” postoperative scars (Fig.  6.29 ).

       Capsular Contracture 

 This is a possible late sequela of any implant 
placement, most frequently described in the 
breast augmentation literature. In the buttock 
augmentation literature, the rate is typically noted 
to be about 1–2 % [ 15 ,  30 ]. In the event that a 
patient presents with signs/symptoms of capsular 
contracture (e.g., induration of the implant site, 
tightness in the leg, new onset pain, new onset 
swelling), ultrasound or CT evaluation of the 
affected extremity is warranted. If a capsule is 
identifi ed, typically characterized by calcifi ca-
tions, then a partial or complete capsulectomy is 
warranted (Fig.  6.30 ). Capsular contracture is 
best prevented by meticulous hemostasis, good 
sterile technique, and avoidance of bleeding in 
the postoperative period. In 2012, the primary 
author defi ned a staging system for capsular con-
tracture to better defi ne the entity (Table  6.6 ).

    In 2012, the authors sought to evaluate the 
results with buttock augmentation and the inci-
dence of capsular contracture. It was noted 
that with respect to capsular contracture, there 

  Fig. 6.27    A 32-year-old female had undergone buttock 
augmentation in 2006 with another physician in the sub-
cutaneous plane. Over time, she noted drooping in the but-
tock to the point of creating a double-bubble deformity in 
the inferior aspect of her butt       

  Fig. 6.28    Ruptured cohesive gel implant after removal 
from the patient’s buttocks. She had undergone augmenta-
tion in South America and presented because of signifi cant 
hardening of the buttocks with the left being harder than the 
right. The left buttock implant was noted to be ruptured       
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was an overall rate of 13.5 % (13/96) over the 
4-year period [ 35 ]. However, over that period, 
there was a drop in the rate of capsular con-
tracture from an average of 4.5 contractures/
year in 2008 and 2009 versus 2 contractures/
year in 2010 and 2011 (Table  6.7 ). To minimize 
capsular contracture, a much stricter and more 

regimented postoperative care plan was utilized 
for the patients that began in late 2009. Patients 
were asked to sleep on their back 2 h/night for 
6 months beginning at week 2. This helps keep 

a b

  Fig. 6.29       ( a ,  b ) A 34-year-old patient 1 year post-gluteal augmentation. Closure was performed in a subcuticular 
fashion with the use of silicone on the incision for months 2–4 to improve scar quality       

  Fig. 6.30    Capsulectomy being performed in a patient 
who developed signifi cant capsular contracture. The Kelly 
is grasping the capsule and electrocautery is used to free it 
from surrounding tissue       

   Table 6.6    Chugay staging system for capsular contrac-
ture with buttock implants   

 Grade of 
contracture  External deformity 

 Implant 
displacement 

 I  Firmer buttock but 
no deformity 

 None 

 II  Palpable hardening 
of buttock 

 Minimal or none 

 III  Minor external 
deformity 

 Moderate 

 IV  Marked external 
deformity 

 Severe 

0
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2008 2009 2010 2011

Contracture

Contracture

   Table 6.7    Incidence of capsular contracture as noted in 
the authors’ series from 2008 to 2011. There is note of 
decreased incidence of capsular contracture with time       
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the implant pocket soft and allows the pocket 
to be stretched out adequately. In addition, a 
7–10-day course of postoperative antibiotics 
is prescribed, and the pocket is irrigated with 
antibiotic solution to take the bacterial load as 
low as possible, which has been suggested as a 

possible source of capsules. JP drain suction is 
maintained until drainage is less than 30 mL/24-
 h period for 48 h. While these measures do not 
eliminate the possibility of having a capsular 
contracture, the authors believe that the results 
demonstrate a decreased incidence.

 Case 1 

 A 35-year-old female underwent buttock aug-
mentation with a previous physician. She pre-
sented with signifi cant capsule formation in 
the left buttock with noted asymmetry. She 
underwent removal of old implants, left-sided 
capsulectomy, with placement of new style 3, 
size 3 implants. During the operation, she was 
noted to have signifi cantly thickened capsule 
below the muscle. There was some residual 

serous fl uid in the pocket which leads one to 
believe that seromas and hematomas may play 
a large role in capsule formation. Using a 
combination of sharp dissection with electro-
cautery and blunt dissection with a Lareux tis-
sue dissector, the capsulectomy was completed 
(Figs.  6.31  and  6.32 ). The capsule was noted 
to be signifi cantly thickened, measuring 
approximately 1 cm (Fig.  6.33 ).    

  Fig. 6.31    Lareux 
tissue dissector       
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  Fig. 6.32    Dissection of capsule away from 
 surrounding muscle using sharp dissection with 
 electrocautery and Lareux tissue dissector         Fig. 6.33    Capsule from patient undergoing buttock 

capsulectomy for capsular contracture. The capsule 
measures approximately 1 cm in thickness       

        Wound Dehiscence 

 In the fi eld of surgery, wound dehiscence is typi-
cally a product of surgeon error and poor atten-
tion to wound closure. It may also be produced 
by inadequate blood supply or due to excessive 
tension at the site of the incision. In the case of 
buttock augmentation, the cause is likely an 
amalgam of these. Bruner et al. [ 36 ] proposed 
that the cause of dehiscence in buttock augmen-
tation is that the site of the incision is a “water-
shed” area with no perforating vessels in the area 
overlying the sacrum. The blood supply to the 
healing wound is entirely based on small capil-
laries that approach the midline from the lateral 
aspect. He then recommends that to minimize the 
risk of dehiscence, one must be delicate with the 
tissues at the site of the incision, avoiding desic-
cation and excessive traction. There is little that 
the physician can do to combat the marginal 
blood supply to the healing wound. Therefore, in 
the authors’ estimation, the best way to prevent 
this complication is meticulous closure in three 
layers: fascia, deep dermis, and skin. Mendietta 
[ 23 ] also noted that dehiscences are signifi cantly 
increased in overweight patients and also in 
patients in which an implant of more than 350 cc 
or more than 3.5 cm projection is used. His data 

demonstrates an 80 % dehiscence rate in this 
population. For this reason, he uses intraopera-
tive tissue expansion while dissecting the contra-
lateral side. If the muscle still cannot be closed 
with minimal tension, a smaller implant must be 
used. This means that it is incumbent on the sur-
geon to properly select the appropriate patient for 
buttock augmentation and to choose the implant 
that best suits the patient without being overly 
large and risking wound dehiscence. 

 It is very common in buttock augmentation to 
have small segments of dehiscence due to the sig-
nifi cant tension on the incision in the gluteal 
region (Fig.  6.34 ). The fi rst large volume studies 
on buttock augmentation by Mendietta [ 31 ] and 
Gonzalez [ 22 ] reported wound dehiscence rates 
of between 14 and 30 %. The authors’ work in 
buttock augmentation, noting a dehiscence rate 
of 14.5 % (14/96) over a 4-year study period, 
coincides with the work of Mendietta and 
Gonzalez and relates solely to intermuscular  
placement of the gluteal prosthesis [ 35 ]. 
Dehiscences in the study were defi ned as any 
break in the gluteal incision, ranging from 1 to 
5 cm in size. A recent study of 200 gluteal aug-
mentations by Senderoff [ 30 ] reports a dehis-
cence rate of 1.5 %. However, the surgeon admits 
that the vast majority of his cases were performed 
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in the subfascial plane, putting less tension on the 
intergluteal fold incision due to small implant 
sizes and potentially skewing his dehiscence rate. 
Therefore, depending on the plane of dissection, 
implant size used, and method of closure, there is 
a wide variability in dehiscence rates noted for 
gluteal augmentation.

       Nerve Injury 

 Although frank paresis has yet to be described in 
the literature, there is no doubt that there is 
always a potential for injury either to the gluteal 
nerves due to their close proximity to the sacrum 
at the site of entry into the subgluteal plane or to 
the sciatic nerve in dissection of the submuscular 
pocket. Mendieta [ 31 ] reported a 20 % risk of 
transient sciatic paresthesias postoperatively, 
likely due to traction injury on the sciatic caused 
by signifi cant pocket manipulation. If a patient 
has persistent discomfort, gabapentin (Neurontin) 

or pregabalin (Lyrica) may be considered to treat 
neuropathic pain. Gabapentin works by blocking 
voltage-dependent calcium channels, modulating 
excitatory neurotransmitter release. Pregabalin 
works by binding alpha 2-delta subunits of cal-
cium channels and thus reduces neurotransmitter 
release. Treatment on either of these medications 
is typically continued for 1 month and patient 
results are evaluated at that time. Prior to discon-
tinuation of the medication, the dosage should be 
tapered over the course of a week.  

    Pulmonary Embolism 

 Although this is a potential risk with any sur-
gery performed due to the increase in stasis of 
the blood and the increased infl ammation due to 
surgery, it has been a rarely reported phenom-
enon. In addition, patients undergoing liposcu-
lpture and fat-grafting procedures are at risk of 
fat emboli. These phenomena may have a low 

a b

c

  Fig. 6.34    Wound dehiscence. ( a ) Small (<2 cm). ( b ) Medium (2 cm). ( c ) Large (>2 cm)       

 

Complications



134

 incidence that may just be due to the fact that 
most cases are subclinical and do not present to 
the attention of the surgeon. Cardenas-Camarena 
in 1999 [ 37 ] reported 1.5 % (1/66) incidence of 
fat embolism. Most large volume studies on fat 
emboli reveal an incidence of less than 1 % in 
retrospective studies and a mortality of 10–15 % 
in fulminant cases [ 38 ,  39 ].  

    Compartment Pressure 
Problems/Compartment Syndrome 

 Compartment syndromes, typically seen in 
trauma, involve an acute increase in pressure 
inside a closed space, thereby impairing blood 
fl ow to the affected space and potentially putting 
the limb at risk for loss. Clinical signs of com-
partment syndrome include the six Ps: pain, poi-
kilothermia, pallor, paresthesias, paralysis, and 
pulseless. In conscious patients, pain out of pro-
portion to examination is the prominent symptom. 
Pain with passive range of motion is particularly 
troubling. Although rare, gluteal compartment 
syndrome has been reported in the literature 
and has been attributed to trauma, vascular sur-
gery, intramuscular drug abuse, altered level of 
consciousness from alcohol ingestion or drug 
overdose, prolonged immobilization,  epidural 
analgesia after join arthroplasty, and infection 
[ 40 ]. In a meta-analysis of 28 cases, Henson et al. 
[ 9 ] note that 46.4 % of cases were diagnosed 
based on measuring compartmental pressures 
in addition to the constellation of physical fi nd-
ings, while 54 % were diagnosed purely based 
on clinical fi ndings. This points to the fact that a 
physician who is aware of the potential compli-
cation can diagnose the matter without resorting 
to advanced testing or diagnostic assays, espe-
cially considering that there is no known pressure 
threshold to defi nitively diagnose gluteal com-
partment syndrome. In the cases of compartment 
syndrome noted in the medical literature, when 
compartment pressures were obtained, a compart-
ment pressure above 30 mmHg measured with a 
Stryker monitor was felt to be indicative of com-
partment syndrome. Nonoperative treatment was 
used in 28.6 % of cases reviewed. The treatment 

of gluteal compartment syndrome is at the discre-
tion of the treating surgeon making nonopera-
tive management a viable option as long as close 
follow-up can be performed; but expeditious 
removal of the implant is the treatment of choice.   

    Discussion 

 Over the course of the authors’ time working 
with gluteal implants, there are several recom-
mendations that seem to be useful in standard 
practice:
    1.    Use of the subgluteal plane (intermuscular 

plane) for implant placement [ 17 ]. Authors 
have suggested various planes for implant 
placement and each has its own disadvan-
tages. Surgeons who use the subcutaneous 
space are bound to have bigger problems with 
implant migration, implant palpability, and 
capsular contracture [ 14 ,  15 ]. The submuscu-
lar plane, as described by Robles [ 13 ], carries 
signifi cant risks for damage to the sciatic that 
are unnecessary in gluteal augmentation sur-
gery. The intramuscular plane, as espoused by 
Vergara [ 18 ], allows for complete coverage of 
the implant with less chance of palpability, 
giving a much more natural and long lasting 
result for gluteal augmentation. However, the 
intermuscular plane, in the authors’ experi-
ence, avoids unnecessary injury to the gluteus 
maximus muscle that may occur with the cre-
ation of the intramuscular plane.   

   2.    Use of the intergluteal fold incision.    While some 
surgeons have suggested use of infragluteal cleft 
incisions, others have  recommended incisions 
to each side of the midline. It is the authors’ 
feeling that a single incision in the intergluteal 
fold is not only the most aesthetically pleasing 
but one that lends itself to less morbidity and 
disruption of the natural anatomy.   

   3.    Placement of a bulb suction drain and mainte-
nance until drainage is less than 30 mL/24-h 
period for 48 h consecutively. While this typi-
cally only remains in place for 1 week, there 
have been some patients who had long- 
standing drainage and would otherwise have 
developed seromas in all likelihood with early 
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drain removal. We ask patients to record drain 
outputs twice a day and instruct patients and 
caregivers on proper drain care (e.g., stripping 
of the tubing and maintaining the bulb to suc-
tion) and recording of outputs.      

    Transitioning from a Subcutaneous 
Implant Position to Intermuscular 
Implant Position 

 The authors have seen many patients that present 
after having had a buttock augmentation in the 
subcutaneous plane and note a sagging of their 
buttocks within 10 years of their previous surgery. 
They present wanting to have their buttocks lifted 
and wish to regain their more youthful appear-
ance. In managing these patients, one must be very 
meticulous in the operation to achieve good results 
that improve the patient’s presenting condition. 

 The operation is begun by excising the exist-
ing scar in the patient’s intergluteal fold. Next, 
subcutaneous dissection is carried to the existing 
implant capsule using electrocautery. The pocket 
is then entered and the old implant removed 
(Fig.  6.35 ). Any serous fl uid that may be in the 
pocket is evacuated with suction. At this point, 
one can clearly see nothing but skin, subcuta-
neous tissue, and anterior capsule wall as being 

the only support for the implant and one begins 
to better understand why implant descent and 
drooping may occur (Fig.  6.36 ). An anterior cap-
sulectomy is performed to remove the capsule as 
leaving it may result in a seroma in that space 
(Fig.  6.37 ). An alternative option, for those who 
do not feel comfortable performing a capsulec-
tomy, may be scarifi cation of the capsule in the 
hope of creating a raw surface that will  better 
 collapse postoperatively (Fig.  6.38 ).

a b

  Fig. 6.35    ( a ) The implant pocket is identifi ed and opened using a Kelly clamp to permit full visualization of the 
implant and facilitate removal. ( b ) The implant in its subcutaneous pocket       

  Fig. 6.36    The subcutaneous implant pocket with nothing 
but skin, subcutaneous tissue, and anterior capsule wall 
supporting the implant explaining why drooping can fre-
quently occur with subcutaneous implant placement       
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a b

c d

  Fig. 6.37    ( a ) Beginning of capsulectomy with forceps 
grasping the capsule, placing traction on it and allowing 
for a better defi nition of the plane between the capsule and 
subcutaneous tissues. ( b ) Further dissection along the 
capsule using electrocautery. Small tears in the capsule 
may occur in trying to maintain a close dissection along 

the capsule wall. The surgeon should take care to mini-
mize excess tissue removal as this may predispose the 
patient to a more palpable implant. ( c ) Near-complete dis-
section of capsule. At this point using a Kelly clamp to 
grasp the capsule is of great help. ( d ) Anterior capsule just 
prior to excision       

a b

  Fig. 6.38    ( a ) Scarifi cation of the anterior capsule wall 
rather than capsulectomy. This may be a preferred means 
of capsule management in the already thin patient with 

thin tissues. ( b ) Close-up of the anterior capsule wall that 
has been scarifi ed with electrocautery       
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      After the management of the anterior portion 
of the capsule is complete, the posterior wall 
of the capsule is entered. Dissection through 
the capsule and muscle is then continued with 
a curved hemostat to achieve an intermuscular 
position (Fig.  6.39 ). This pocket is then dis-
sected as done in a routing gluteal augmentation 
(intermuscular position). Prior to placement of 
the implant, a drain is placed into the newly cre-
ated intermuscular plane with the tip of the drain 
extending through the old posterior capsule wall 
and into the old capsule space (Fig.  6.40 ). By 

placing the drain in this manner, one can decrease 
the risk of seroma formation not only around the 
implant but also in the old capsule space. The 
gluteus maximus muscle and posterior capsule 
wall are approximated as much as possible over 
the newly placed implant. Due to tension and 
tearing of the capsule, it may not be possible to 
completely incorporate all of the old posterior 
capsule wall. However, one should take care to 
create a secure and complete closure overtop the 
implant (Fig.  6.41 ). Closure of the remainder of 
the wound is as described in a routine gluteal 
augmentation.

         Adjunct Procedures for Gluteal 
Augmentation 

 When considering the patient for gluteal augmen-
tation, the surgeon should evaluate the areas sur-
rounding the buttocks for possible liposculpture or 
other adjunct procedures. Patients seeking aug-
mentation of the buttocks frequently have lipohy-
pertrophy of the fl anks, sacrum, and thighs that 
may need attention to better defi ne the contour of 
the buttocks and achieve a more aesthetic appear-
ance [ 41 ]. Liposculpture to these areas frequently 
can help to better defi ne the gluteal aesthetic units. 
This is especially true when performing liposuc-
tion of the fl ank and lower back region, which can 
provide a gentle “S curve” to the lower back along 

  Fig. 6.39    Small incision in the posterior capsule wall 
was made with electrocautery, and now a hemostat is used 
to spread the capsule and underlying gluteus maximus to 
achieve an intermuscular position for implant placement       

a b

  Fig. 6.40    ( a ) Drain beneath the newly placed implant 
and extending into the subcutaneous space and site of pre-
vious capsule. ( b ) With the capsule and muscle approxi-

mated, one can now see the tip of the drain in the 
subcutaneous space preventing seroma formation in the 
site of the previously excised capsule       
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with a narrowed waist, hence accentuating the new 
fullness of the buttocks. One caveat to this is that 
the surgeon must be careful to minimize aggres-
sive liposuction in the area of the banana roll, as 
the tissues at the level of the infragluteal crease are 
the insertion for the fascia that surrounds the but-
tock muscle. Disruption of this fascia can in 
essence destroy the “pillars” of the buttocks and 
place the patient at increased risk of buttock ptosis 
over the crease. Another caveat is that the surgeon 
cannot be overly aggressive in liposuction of the 
presacral area at the time of simultaneous implant 
augmentation as there may be excessive trauma to 
the area which could compromise the vascular 
supply and signifi cantly increase the chance of 
postoperative wound dehiscence. 

 Another adjunct procedure to consider is fat 
grafting to the lateral hip region overlying the tro-
chanters to help produce a more aesthetic “S 

curve” in the lateral hip region. While the trochan-
teric depression is a natural anatomic entity, some 
people fi nd it unsightly and wish to achieve a more 
rounded appearance to the lateral hip area [ 42 ]. Fat 
is an excellent means of correcting this deformity 
if it is available. Another option, if there is a lack 
of fat, would be consideration of a hip implant. 
While it is possible to place a hip implant over a 
signifi cantly depressed trochanteric region, we 
recommend performing this at a separate sitting 
from the buttock augmentation to minimize the 
risk of creating one large open space between the 
buttocks and lateral hip region (Fig.  6.42 ).

   One may consider a buttock lift in the gluteal 
region if there is a signifi cant ptosis. Ptosis will 
not be corrected with a buttock implant. However, 
a patient who has buttock hypoplasia and ptosis 
may be a good candidate for both an implant and 
a buttock lift to eliminate a sagging bottom side.  

a

c

b

  Fig. 6.41    ( a ) This demonstrates the fi rst stitch being 
placed to approximate the gluteus maximus muscle and 
posterior capsule wall over the newly placed intermuscu-
lar implant. ( b ) Further closure of the muscle and capsule 

over the implant. ( c ) Final closure over the implant. Note 
that there are sections of the capsule that are not incorpo-
rated as attempts to bring them into the closure produced 
tearing of the capsule       
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    Buttock Augmentation with Fat 
Grafting Compared to Implant 
Augmentation 

 The topic of the “Brazilian butt lift” and using 
patient’s own fat to augment their bottom side 
has been a hot one in aesthetic surgery within 
the past decade (Fig.  6.43 ). Since the advent of 
liposuction, surgeons have been working to con-
tour the body with removal of localized adiposi-
ties. The work of Sydney Coleman in the fi eld of 
fat grafting has helped to propel the use of fat to 
augment everything from the face and hands to 
the butt [ 41 ,  43 ,  44 ]. Coleman’s work with fat 
and long-term studies on permanence of the 
effect of grafting then pushed other surgeons to 
start grafting more frequently to the buttocks 
with signifi cant improvement in gluteal contour 
[ 37 ,  45 – 51 ]. Cardenas-Camarena [ 37 ] was one 
of the fi rst to report on his work. He evaluated 
his    work with lumbosacral liposuction and fat 
grafting to the buttocks and found that with a 
mean fi ll of 210 mL (range 120–280 mL), it had 
signifi cant improvement with excellent patient 
satisfaction.

   Some patients who present to consultation 
have fat excess or lipohypertrophy in the fl anks, 
hips, thighs, back, and/or abdomen and would 

benefi t from liposuction. This fat can then be 
used to augment a hypoplastic or defl ated glu-
teal area as opposed to using a prosthesis 
(Fig.  6.44 ). When considering a patient for aug-
mentation gluteoplasty with fat grafting, there 
are several factors that must be considered by 
the surgeon:

Gluteus maximus
(enclosed by gluteal fascia)

Gluteus medius
(covered by gluteal fascia)

Tensor fascia lata
(enclosed by gluteal fascia)

  Fig. 6.42    Axial section 
displaying the gluteus 
maximus and medius muscles 
and their relationship to the 
tensor fascia lata. All of these 
muscles are in close proximity, 
and for this reason, dissection 
for a simultaneous hip and 
buttock augmentation may 
leave one large open space, 
potentially leaving the patient 
at risk for seromas, implant 
migration, and a larger chance 
for infection. Because of these 
anatomic relationships, the 
authors rarely perform 
simultaneous buttock and hip 
augmentations       

  Fig. 6.43    Injection of fat into the gluteal region for an 
improved volume using a 3-mm cannula. Injection 
directly into the muscle proper will produce an increase in 
overall volume, while more superfi cial and peripheral 
injection will help to defi ne the gluteal region and provide 
better shape       
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     1.    First, a patient who has very little fat and cannot 
at least provide 300 mL of clean fat per buttock 
for augmentation should be dissuaded from 
using fat as a means of performing gluteal aug-
mentation. In a comparative study performed at 
our institution, we found that patients had a 
mean of 280 mL grafted to each buttock (range 
of 30–600 mL per buttock) and achieved satis-
factory results in 69.7 % of cases (23/33) [ 35 ]. 
Those patients who were not satisfi ed postopera-
tively were largely dissatisfi ed with the amount 
of augmentation produced; and, of those patients 
who were dissatisfi ed, it was noted that they had 
smaller volumes (typically less than 250 mL) 
grafted. Bruner and others with large volumes of 
buttock augmentations with autologous fat sup-
port the use of larger volumes in order to achieve 
aesthetically pleasing outcomes, recommending 
volumes of 500–900 mL of grafted fat per but-
tock in some cases [ 20 ,  36 ,  51 ]. While some 
might feel that 300 mL is an inadequate volume 
for augmentation, the authors feel that it maxi-
mizes aesthetic result and minimizes the risk of 
complications that can be seen with larger vol-
ume augmentations in the range of 500–900 mL. 

Some surgeons have even achieved grafts over 
1,000 mL per buttock; however, it is clear that 
this is associated with a much higher risk of 
infection at the graft site and seroma formation 
at the  harvested sites [ 36 ,  51 ]. For this reason, 
the authors discourage this practice.   

   2.    This then brings up the second point of con-
sideration which is the unpredictable nature 
of “fat take” in grafting procedures. To date, 
only one study has truly sought to quantify fat 
that was resorbed after buttock augmentation 
with autologous fat grafting by performing 
serial MRI examinations of the buttocks [ 51 ]. 
Unfortunately, only six patients were studied 
making actual quantifi cation of fat survival near 
impossible. In studies performed by Coleman 
and others, there is an estimated typical take 
of fat    between 50 and 70 % when stem cell 
therapy is not employed [ 36 ,  41 ,  43 – 45 ,  51 ]. 
Despite efforts to minimize trauma to the but-
tocks by direct pressure and the use of loose but-
tock compression garments, there is still no way 
to reliably produce a 100 % take of fat that is 
injected. For that reason, in order to increase the 
chance of “take” after fat grafting, the authors do 

a b

c d

  Fig. 6.44    Examples of patients undergoing buttock aug-
mentation with fat grafting. ( a ) Patient 1 month after lipo-
suction of the hips and back and fat transfer to butt (270 mL 
per buttock). ( b ) Patient 3 months after liposuction of the 
hips and fat transfer to the butt (235 mL per buttock). ( c ) 

Patient 1 month after liposuction of the abdomen and hips 
with fat transfer to butt (290 mL to left buttock and 270 mL 
to right buttock). ( d ) Patient 1 month after liposuction of 
the abdomen and hips and fat transfer to buttocks (410 mL 
to left buttock and 420 mL to right buttock)       
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recommend the use of stem cell therapy for all 
fat- grafting patients. The authors employ Invitrx 
Therapeutics from Irvine, California. This is an 
independent laboratory that sends a technician 
to the offi ce to process and purify the fat in a 
procedure that takes approximately 45–60 min. 
The physician can continue performing liposuc-
tion while the stem cell technician is processing 
the adipose tissue submitted to them at the onset 
of the case (at least 30 mL). After liposuction 
fat/aspirated adipose tissue and tumescent fl uid 
is given to the technician, the adipose tissue is 
isolated from the tumescent fl uid by centrifuga-
tion. Adipose tissue is treated with the enzyme 
collagenase and placed in incubation for 20 min 
to release adipose-derived stem cells. After incu-
bation, to separate the enzyme from the adipose 
tissue and stem cells, the mixture is centrifuged 
again. The adipose tissue, enzyme, and stem 
cell pellet are separated in layers. To ensure the 
enzyme is fully removed from the fat, the fat and 
pellet are washed and rinsed with phosphate buf-
fer saline and recentrifuged. The patient’s own 
blood serum is added to the pellet to neutralize 
the enzyme. The processed fat along with the 
stem cell pellet is returned to the physician for 
implantation. After liposuction has been com-
pleted, the fat to be grafted is washed and then 
mixed with the harvested stem cells. While this 
does not ensure a 100 % take, it does increase 
the take of fat from the conventional 50–70 % 
up to 80 %, in the authors’ practice [ 35 ].   

   3.    A third point to consider is the level of vac-
uum applied by the suction apparatus. There 
has been some evidence to suggest that high 
vacuum levels may damage the fat cells and 
decrease their survival [ 45 ,  52 ]. For that rea-
son, the authors do not exceed 25 mmHg on 
the suction apparatus. This use of aspiration 
at lower vacuum pressures is supported by 
Coleman [ 41 ,  43 ,  44 ], Pedroza [ 49 ], Bruner 
[ 36 ], and Murillo [ 51 ].   

   4.    Grafting in small amounts and in variable lay-
ers. Coleman [ 27 – 29 ], Guerrerosantos [ 53 ], 
and Bruner [ 36 ] all agree that grafting in small 
quantities (<0.3 mL in each tunnel) improves 
the graft survival as there is more contact with 
adjacent blood supply. In addition to consider-
ing the quantity of the graft, the surgeon 

should aim to augment both the deeper mus-
cular structures and the superfi cial structures. 
Addition of volume to the region is done at the 
level of the gluteus muscles, whereas shaping 
can be done with injection into the subcutane-
ous level. Injection in various layers also helps 
to spread out the grafted fat and increase the 
blood supply available to the grafted fat cells.   

   5.    Postoperatively, the patient must be able to 
commit to 2 weeks without pressure on the 
buttocks. There is never an ability to achieve a 
100 % fat take, but everything must be done to 
minimize trauma to the grafted fat. For that 
reason, it is recommended that the patients 
avoid sitting or sleeping on their back side for 
2 weeks after surgery to minimize shear and 
compression forces.    
  In reviewing the authors’ experiences with fat 

grafting and those of other physicians, the most 
commonly reported complications after fat graft-
ing include infection, seromas, transient sciatic 
paresthesias, and tissue irregularities [ 33 ,  36 ,  50 , 
 51 ]. Infection rates range between 7 and 18 % [ 36 , 
 37 ]. Infection rates as high as 18 % are to be 
expected as every stage of harvesting, preparing, 
and grafting the fat has a potential for contamina-
tion [ 36 ]. This, when combined with a warm, 
moist, traumatized grafting environment, can help 
to explain why infections are a serious risk with 
fat-grafting procedures. Seromas are noted in 
areas of liposuction. Greater volumes of aspirate 
are more likely to result in a greater chance for 
seroma formation. Seroma rates vary from 6 % in 
Cardenas-Camarenas’ work with fat grafts 
between 100 and 240 mL per buttock up to 40 % 
in Murillo’s study that had average fat graft of 
700 mL/buttock [ 20 ,  36 ,  37 ,  51 ]. In their most 
recent evaluation of seroma rates in their practice, 
Bruner [ 36 ] notes that he has seen a drop in seroma 
rates from approximately 40 % down to 2 % with 
the use of better compression in the sacral region 
along with closed suction drains (2) in the sacral 
region. Another complication often seen in fat-
grafting patients is transient sciatic paresthesia. 
This tends to be described as minor discomfort 
associated with tingling and slight numbness along 
the course of the sciatic nerve, lasting less than 
2 weeks in most cases [ 36 ]. The incidence is 
reported to be between 1 and 4 % [ 23 ,  51 ]. Bruner 
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[ 44 ] has made 12 mg of IV dexamethasone a rou-
tine at the beginning of the surgical procedure, 
hoping to minimize perioperative infl ammation. 
As with neuralgia produced with implant augmen-
tation, neuromodulators such as gabapentin and 
pregabalin are options in the recalcitrant patient. 

 In the only comparative study of gluteal aug-
mentation (Table  6.8 ) that is available in the lit-
erature, the authors evaluated the results with 
implant augmentation against those with fat aug-
mentation [ 35 ]. Over a 4-year study period, 129 
patients underwent gluteal augmentation with 
either fat (33 patients) or implants (96 patients). 
The overall satisfaction of the patients receiving 
buttock augmentation was 76.0 % (73/96) for 
augmentation with implants and 69.7 % (23/33) 
for augmentation with fat, which was statistically 
signifi cant ( P  < 0.001; 95 % confi dence interval 
[CI], 67.93–71.47). Seroma formation was more 
prevalent in the implant group (3.0 % versus 
17.7 %;  P  = 0.02; 95 % CI, 0.070–15.7). Lumps 
or dents were more prevalent in the fat-grafting 
group (33.3 % versus 2.1 %;  P  < 0.0001; 95 % CI, 
17.9–51.8). Complications isolated to those under-
going implant augmentation included dehiscence 
(14.6 %) and contracture (13.5 %). Ultimately, it 
was determined that although fat grafting for but-
tock augmentation is rising in popularity among 
surgeons, the results are not as consistent as those 
seen with buttock augmentation via implant. On 
the other hand, the consistency of results for 
implant augmentation is offset by the risk of cap-
sular contracture and dehiscence, which are seen 
only in implant surgery. Regardless of the method 
of buttock augmentation chosen, surgeons can be 
confi dent that the results will be pleasing to the 
eye and to their patients as long as good surgical 
technique is used and the aforementioned periop-
erative risks are kept in mind.

       Authors’ Personal Experience 

 Since starting to perform buttock augmentation in 
1995, the lead author (NVC) has performed approx-
imately 450 buttock augmentation  procedures, 

averaging approximately 25 augmentations 
per year. The overall satisfaction rate is 92.0 % 
(414/450). Patients who were dissatisfi ed primarily 
complained of an inadequate augmentation. Based 
on retrospective chart review, the most frequently 
encountered complications included seroma for-
mation, infection,  asymmetry, wound dehiscence, 
and capsular contracture. A patient was consid-
ered    to have an infection if there was evidence of 
erythema around the wound or cellulitis requiring 
the physician to prescribe antimicrobial treatment 
or perform some surgical intervention. Wound 
dehiscence was broadly defi ned as any separation 
of the midline wound, with a maximal dehiscence 
of 5-cm, complete opening of the midline wound 
(Table  6.9 ).

   Table 6.8    Summary data for 2012 buttock augmentation 
comparative study   

 Complications 

 Fat 
grafting 
( n  = 33) 

 Implant 
( n  = 96) 

  P  value (CI 
95 %) 

 Infection  1  12  0.09 
 Seroma  1  17  0.02 
 Rejection  N/A  1  N/A 
 Hematoma  1  0  <0.0001 

(0.07–15.7) 
 Asymmetry  2  12  0.1 
 Scarring  2  1  0.003 

(0.75–20.3) 
 Contracture  N/A  13  N/A 
 Post-op pain 
8–10 

 9  20  0.37 

 Dehiscence  N/A  14  N/A 
 Lumps/dents  11  2  <0.0001 

(17.9–51.8) 
 Satisfaction  23  33  <0.001 

(67.9–71.8) 

   Table 6.9    Observed complications in buttock augmentation   

 Complication 
 Number 
( n  = 450) 

 Percent 
(%) 

 Seroma  74  16.44 
 Infection  52  11.56 
 Asymmetry  46  10.22 
 Wound dehiscence  74  16.44 
 Capsular contracture  51  11.33 
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 Case 2 (Fig.  6.45 ) 

    A 35-year-old female underwent buttock aug-
mentation with a previous physician. She pre-
sented with signifi cant capsule formation in 
the left buttock with noted asymmetry. She 

underwent removal of old implants, left-sided 
capsulectomy, with placement of new style 3, 
size 3 implants. The patient is seen    preopera-
tively and 4 months postoperatively. 

a1 a2

b1 b2

  Fig. 6.45    ( a ) Preoperative. ( b ) Postoperative       

       Patient Cases 
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 Case 3 (Fig.  6.46 ) 

    A 44-year-old female underwent buttock augmentation with style 3, size 2 implants. The patient 
is seen preoperatively and 4 months postoperatively. 

a1 a2 a3

b1 b2 b3

  Fig. 6.46    ( a ) Preoperative. ( b ) Postoperative       
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 Case 5 (Fig.  6.48 ) 

    A 45-year-old female underwent buttock augmentation with style 3, size 7 implants secondary 
to buttock hypoplasia. 

 Case 4 (Fig.  6.47 ) 

    A 61-year-old female underwent buttock 
augmentation with style 3, size 7 implants 

 secondary to buttock hypoplasia. Patient seen 
preoperative and 1.5 months postoperative. 

a1 a2 a3 a4

b1 b2 b3 b4

  Fig. 6.47    ( a ) Preoperative. ( b ) Postoperative       

a b

  Fig. 6.48    ( a ) Preoperative. ( b ) Postoperative       
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 Case 6 (Fig.  6.49 ) 

    A 31-year-old female underwent buttock aug-
mentation with style 3, size 7 implants to 

achieve a more lifted and slightly more pro-
jected bottom side. She is seen preoperative 
and 3 months postoperative. 

a1 a2 a3 a4 a5

b1 b2 b3 b4 b5

  Fig. 6.49    ( a ) Preoperative. ( b ) Postoperative       
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 Case 7 (Fig.  6.50 ) 

    A 30-year-old female underwent buttock aug-
mentation with style 3, size 7 implants along 

with liposuction of the hips with aspiration of 
400 mL fat. The patient is seen preoperatively 
and 2 months postoperatively. 

b1 b2 b3

a1 a2 a3

  Fig. 6.50    ( a ) Preoperative. ( b ) Postoperative       
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 Case 8 (Fig.  6.51 ) 

    A 27-year-old female underwent buttock augmentation with style 3, size 8 implants. She is seen 
preoperative and 2 months postoperative. 

b1 b2

a1 a2  Fig. 6.51    ( a ) Preoperative. 
( b ) Postoperative       
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 Case 9 (Fig.  6.52 ) 

    A 21-year-old female underwent buttock aug-
mentation with style 3, size 4 implants. She is 
seen preoperative and 1 month postoperative. 

The patient declined liposuction of the hips/
fl anks and thighs which may have improved 
her overall result. 

a1 a2 a3 a4

b1 b2 b3 b4

  Fig. 6.52    ( a ) Preoperative. ( b ) Postoperative       
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 Case 10 (Fig.  6.53 ) 

    A 38-year-old female underwent buttock 
augmentation with style 3, size 7 implants. 
Note excellent improvement superiorly but 
there is still defi ciency in the lower buttock. 

This is typically corrected in later operations 
with liposuction and/or fat grafting as the 
implants do not extend so far caudally. The 
patient is seen preoperative and 2 months 
postoperative. 

a1 a2 a3 a4

b1 b2 b3 b4

  Fig. 6.53    ( a ) Preoperative. ( b ) Postoperative       
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 Case 11 (Fig.  6.54 ) 

    A 40-year-old gay male presented with sig-
nifi cant loss of volume in the buttocks after 
signifi cant weight loss secondary to testicular 

cancer and his battle with HIV. He underwent 
augmentation with style 3, size 2 implants. 
The patient is seen preoperative and 2 months 
postoperative. 

b1 b2 b3 b4

a1 a2 a3 a4

  Fig. 6.54    ( a ) Preoperative. ( b ) Postoperative       
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 Case 12 (Fig.  6.55 ) 

    A 30-year-old female underwent buttock aug-
mentation with style 3, size 8 implants along 

with liposuction of the back and hips. The 
patient is seen preoperative and 1 month 
postoperative. 

b1 b2 b3 b4 b5

a1 a2 a3 a4 a5

  Fig. 6.55    ( a ) Preoperative. ( b ) Postoperative       
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 Case 13 (Fig.  6.56 ) 

    A 27-year-old female underwent buttock aug-
mentation with style 3, size 7 implants with 

minor liposuction of the waist (300-mL fat 
aspirated). The patient is seen preoperative 
and 1 month postoperative. 

b1 b2 b3 b4

a1 a2 a3 a4

  Fig. 6.56    ( a ) Preoperative. ( b ) Postoperative       
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 Case 14 (Fig.  6.57 ) 

    A 49-year-old male underwent buttock aug-
mentation with style 3, size 7 implants to 

achieve greater projection and roundness to 
the buttocks. The patient is seen preoperative 
and 1 month postoperative. 

b1 b2 b3 b4 b5

a1 a2 a3 a4 a5

  Fig. 6.57    ( a ) Preoperative. ( b ) Postoperative       
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 Case 15 (Fig.  6.58 ) 

    A 29-year-old female underwent buttock aug-
mentation with style 3, size 8 implant along 
with liposuction of the hips/fl anks and fat 

grafting to the lateral thigh and butt (100 mL 
to the left side and 150 mL to the right side). 
The patient is seen preoperative and 6 months 
postoperative. 

b1 b2 b3 b4

a1 a2 a3 a4

  Fig. 6.58    ( a ) Preoperative. ( b ) Postoperative       
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 Case 16 (Fig.  6.59 ) 

    A 24-year-old female underwent buttock augmentation with style 3, size 7 implants. The patient 
is seen preoperative and 5 months postoperative. 

b1 b2 b3 b4 b5

a1 a2 a3 a4 a5

  Fig. 6.59    ( a ) Preoperative. ( b ) Postoperative       
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 Case 17 (Fig.  6.60 ) 

    A 69-year-old female underwent buttock aug-
mentation to help correct sagging skin and 
signifi cant cellulite. She had style 3, size 3 
implants placed and is noted to have less dim-

pling of the skin and a much smoother con-
tour. Although not a perfect solution, patients 
with sagging skin may benefi t from augmen-
tation to fi ll out the region. The patient is seen 
preoperative and 4 months postoperative. 

b1 b2 b3 b4 b5

a1 a2 a3 a4 a5

  Fig. 6.60    ( a ) Preoperative. ( b ) Postoperative       
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 Case 18 (Fig.  6.61 ) 

    A 22-year-old female underwent liposuction 
of the hips (300 mL of fat) along with buttock 

augmentation with style 3, size 2 implants. 
The patient is seen preoperative and 
1.5 months postoperative. 

a1 a2 a3 a4

b1 b2 b3 b4

  Fig. 6.61    ( a ) Preoperative. ( b ) Postoperative       
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 Case 19 (Fig.  6.62 ) 

    A 28-year-old female presented for consulta-
tion after having lost 100 lb with bariatric 
surgery. She had signifi cant skin laxity, sag-
ging of the buttocks, and severely depressed 
trochanteric depressions. She wanted to 

improve the contour of her buttocks and did 
not want to undergo a buttock lift with sig-
nifi cant scarring. She elected to proceed with 
buttock augmentation with style 3, size 3 
implants. She is seen preoperative and 
5 months postoperative. 

a1 a2 a3 a4

c1 c2 c3 c4

b1 b2 b3 b4

  Fig. 6.62    ( a ) Preoperative. ( b ) Marking. ( c ) Postoperative       
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 Case 20 (Fig.  6.63 ) 

    A 28-year-old gay male underwent buttock 
augmentation to have a rounder bottom. 

He had style 3, size 7 implants placed. The 
patient is seen preoperative and 3 months 
postoperative. 

a1 a2 a3 a4

b1 b2 b3 b4

  Fig. 6.63    ( a ) Preoperative. ( b ) Postoperative       
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 Case 21 (Fig.  6.64 ) 

    A 23-year-old female underwent buttock augmentation with style 3, size 3 implants. The patient 
is seen preoperative and 1 month postoperative. 

b1 b2 b3

a1 a2 a3

  Fig. 6.64    ( a ) Preoperative. ( b ) Postoperative       
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 Case 22 (Fig.  6.65 ) 

    A 52-year-old male underwent buttock augmentation with style 3, size 7 implants. He is seen 
preoperative and 3 months postoperative. 

b1 b2

a1 a2  Fig. 6.65    ( a ) Preoperative. 
( b ) Postoperative       

 

6 Buttocks Augmentation



163

 Case 23 (Fig.  6.66 ) 

    A 31-year-old female underwent but-
tock augmentation with style 3, size 3 
(379 mL) implant. One year later she 
was unhappy with the size of her butt 
and elected to exchange the implants for 
larger implants, moving to a style 3, size 
9 implant (485 mL), giving her a slightly 
wider and more projected look. With any 

case of patients  wishing to achieve a greater 
augmentation, we always have a  discussion 
about staged procedures. It is unlikely that 
the patient would have tolerated a size 9 
implant at the initial augmentation. Staged 
operations can be performed at an interval 
of 3–6 months at minimum, allowing suffi-
cient stretch of the pocket to accommodate 
a larger implant. 

c1 c2 c3 c4

b1 b2 b3 b4

a1 a2 a3 a4

  Fig. 6.66    ( a ) Preoperative. ( b ) One year postoperative following fi rst buttock augmentation. ( c ) Postoperative 
following exchange of implants to larger size       
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 Case 24 (Fig.  6.67 ) 

    A 59-year-old male underwent buttock aug-
mentation with style 3, size 3 (379 mL) 
implants as he felt there was excessive laxity 

in his buttock region and he had “lost his butt.” 
The patient is seen preoperative and 2 months 
postoperative. 

b1 b2 b3

a1 a2 a3

  Fig. 6.67    ( a ) Preoperative. ( b ) Postoperative       
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 Case 25 (Fig.  6.68 ) 

    A 30-year-old male underwent buttock aug-
mentation with style 3, size 7 implants as he 

felt that he had no buttock projection. He is 
seen preoperative and 1 year postoperative. 

b1 b2 b4b3

a1 a2 a4a3

  Fig. 6.68    ( a ) Preoperative. ( b ) Postoperative       

                             Conclusions 

 Buttock augmentation has evolved dramatically 
from its infancy in the 1970s. Currently the sur-
geon has several positions to choose from for 
implant placement: subcutaneous (not recom-
mended), submuscular, intramuscular, intermus-
cular, and subfascial. The intermuscular position 
is our preferred technique due to the ample space 
possible for augmentation, signifi cant implant 
coverage afforded, and the decreased risk of sci-
atic injury. While there are various possibilities 
for incision placement, the intergluteal fold inci-
sion affords the best hidden and aesthetically 
pleasing scar. When considering buttock aug-
mentation, the patient has the option of implant 
augmentation or augmentation with fat grafting, 
and the patient should be counseled on the risks 
and benefi ts of one procedure over another. 
Lastly, surgeons should always keep in mind 
adjunctive procedures to help accentuate the aug-
mentation procedure performed for the patient.     
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                     Introduction 

    Over the course of time, what makes a woman 
beautiful and sexually attractive has changed. In 
the days of antiquity, a woman’s worth or beauty 
was largely attached to her ability to produce off-
spring. Since ovulation is not something that can 
be visualized by the naked eye, men have long 
used external cues to determine fecundity and 
health in females. Women with wider, “child- 
bearing” hips were noted to be more attractive. 
This fascination with the curvaceous female is 
well demonstrated in the art of the Baroque era. 
Peter Paul Rubens (1577–1640) was a German- 
born Flemish Baroque painter and a proponent 
of an extravagant Baroque style that emphasized 
movement, color, and sensuality. He was made 
famous for his love of portraying full-fi gured 
women that were curvaceous in their form, giv-
ing rise to the term “Rubenesque” when referring 
to plus-sized women. Over time, the concept of 
beauty changed from the more full-fi gured, cur-
vaceous woman depicted by Rubens to an appre-
ciation of the smaller fi gured, slender female 
[ 1 ]. Western cultures particularly began to ideal-
ize slimness and associated this with elegance, 
attractiveness, self-control, and youth. These 
women have been immortalized in the fash-
ion magazines of the 1970s, 1980s, and 1990s. 
However, it seems of late that there has been a 
renewed interest in women with a more natural 
and curvaceous fi gure. Popular music and televi-
sion icons such as Shakira, Jennifer Lopez, and 
Kim Kardashian have produced resurgence in the 

idea that the attractive woman has a more curvy 
appearance. A woman with a round bottom and 
curvy hips and thighs has again become sexy and 
a sign of true femininity. Although the amount 
of total fat that determines a maximally attrac-
tive female can vary from society to society and 
between time periods, it is clear that a curvy rather 
than straight female fi gure is still very important 
in identifying an attractive female form. For that 
reason, liposculpture has remained one of the top 
5 most sought after cosmetic procedures among 
women, according to the American Society of 
Plastic Surgeons and the American Academy of 
Cosmetic Surgery [ 2 ,  3 ]. Liposculpture allows 
a surgeon to carve out a more pleasing fi gure 
even if the body mass index is not signifi cantly 
changed. However, some women do not have the 
underlying boney and muscular structure to give 
them the desired curvy look or perhaps do not 
have suffi cient fat to allow for lipo-contouring. 
To that end, hip implants have been introduced 
to help give women curves in the hip and lateral 
thigh area which could not have otherwise been 
created due to existing patient anatomy.  

    Waist-to-Hip Ratio 

 When discussing the curves that are deemed 
attractive in a female, one must have a discus-
sion of the waist-to-hip ratio. The waist-to-hip 
ratio (WHR) is the ratio of the circumference of 
the waist to that of the hips. The World Health 
Organization (WHO) recommends that the waist 
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circumference be measured at the midpoint 
between the lower margin of the last palpable rib 
and the top of the iliac crest. Hip circumference 
should be measured around the widest portion of 
the buttocks or at the level of the greater trochan-
ter (Fig.  7.1 ) [ 4 ,  5 ].

   The WHR is frequently used as a measure of 
health risk as noted by the WHO and National 
Institute of Diabetes and Digestive and Kidney 
Diseases (NIDDK) [ 9 ]. A healthy WHR is 
between 0.67 and 0.80 in a healthy premenopausal 
woman and between 0.85 and 0.95 for a healthy 
adult male. The WHO and NIDDK have deter-
mined that a WHR above 0.95 in males and above 
0.85 in females is associated with obesity and an 
increased risk of major diseases such as diabetes 
mellitus and coronary artery disease. Studies have 
found that women with a WHR of approximately 
0.7 had optimal levels of estrogen and are less 
susceptible to diabetes, cardiovascular disorders, 
and ovarian cancers [ 6 ]. There has even been 
research that has found that the WHR was a more 
effi cient predictor of mortality in older patients 
than waist circumference or body mass index [ 7 ]. 
Yusuf    et al. [ 8 ], based on his evaluation of 27,000 
participants, noted that if obesity were redefi ned 
using WHR instead of BMI that the proportion of 
people categorized as at risk of heart attack world-
wide increases by threefold. 

 Along with being a method of assessing 
general health, the WHR has long been used as 
a measure of attractiveness. Due to hormonal 
changes during puberty, women preferentially 
deposit fat in the gluteofemoral region, while 

men tend to have an inhibition of fat deposition 
in the gluteofemoral region and deposit preferen-
tially in the abdomen. This then gives women a 
low WHR closer to 0.7, while men typically have 
WHR closer to 0.9. As women age and fertility 
declines, skin laxity increases and the shape of the 
gluteal region usually changes as the content and 
distribution of fat and muscle change. The    female 
hourglass shape fades and the waist-to- hip ratio 
approaches 1.0, similar to men, which in studies 
has been shown to give the female a less attractive 
score when evaluated by study participants [ 9 ]. 
Singh, an evolutionary psychologist, has argued 
in multiple articles since 1993 that the WHR is 
a signifi cant measure of female attractiveness. 
Looking back at the women of ancient civiliza-
tions globally, female representations were most 
often in the range of a WHR of 0.6–0.7, suggest-
ing a preference toward lower WHR in females. 
In the modern era, women who have a ratio near 
0.7 are usually rated more attractive by men from 
European cultures [ 10 ]. Icons of the silver screen 
such as Marilyn Monroe and Sophia Loren, long 
touted as pinnacles of beauty, had a WHR close to 
0.7 [ 10 – 12 ]. Singh [ 11 ] proposed a hypothesis to 
explain how WHR infl uences female attractive-
ness and its role in mate selection, citing evidence 
from studies of the WHR of Playboy playmates 
and Miss America winners over the past 30 years 
to support her    work. Her hypothesis was plain 
and simple: regardless of time period or culture, a 
female with an hourglass fi gure as defi ned by the 
WHR near 0.7 was sexually attractive in practi-
cally all human societies. In a 2010 article, Platek 
and Singh [ 13 ] used functional magnetic reso-
nance imaging (MRI) to demonstrate that male 
participants looking at naked female bodies with 
an ideal WHR (approx 0.7) showed excitation in 
the anterior cingulate cortex, an area associated 
with reward processing and decision making. To 
further evaluate the WHR as a signal of attrac-
tiveness, Dixson et al. [ 14 ] conducted a study 
using eye-tracking techniques to evaluate men’s 
fi xation on digitally altered photographs of the 
same women. When asked to evaluate attractive-
ness, the men reliably chose women that had a 
larger breast size. However, regardless of breast 
size, women who had a WHR of 0.7 were rated as 
the most attractive. These studies all point to the 

Waist

Hip

  Fig. 7.1    Measurement of waist-to-hip ratio: in a lean per-
son ( left ), the waist can be measured at its narrowest point, 
while for a person with a convex waist ( right ), it may be 
measured at about one inch above the navel. The hip is 
measured at its widest portion of the buttocks at  left  and at 
the greater trochanters at  right        
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premise that men appreciate curvy women and 
help us understand the change in modern culture 
toward the desire for a more shapely and volup-
tuous woman. 

 Women have gone to great lengths in the past to 
alter their WHR. The corset during the Victorian 
era (despite internal injuries caused to women) 
was popular as a tool to reduce a woman’s waist 
size to make her more physically attractive. Some 
women have resorted to hip and buttock padding to 
increase the apparent size of the hips and buttocks. 
Female cosmetic patients routinely employ lipos-
culpture to help redefi ne their waist area. Of late, 
buttock augmentation with both fat and implants 
has been another means by which a woman can 
increase the curves in the lower pole of the body 
to help achieve a more aesthetically pleasing fi g-
ure. Now, there is a way of providing a permanent 
solution for women who wish to increase their 
hip size to better suit the remainder of their fi gure 
and thereby alter their existing waist-to-hip ratio, 
potentially making them more attractive.  

    History of the Procedure 

 Based on a review of the literature, it seems that 
many physicians around the globe have been 
working concurrently in the past 2 years to pro-
duce a more aesthetic appearance to the hip/lateral 
thigh region using silicone prostheses [ 15 – 18 ]. 

 The idea of reconstructing the thigh with a pros-
thesis was fi rst introduced in 1995 by Kon et al. 
[ 19 ]. At that time, he published a paper explaining 
his experience with placement of a new type of 
implant for augmentation of the lateral thigh. A 
paraplegic patient was noted to have signifi cant 
lateral thigh defi ciency and was deemed a suit-
able candidate for reconstruction with a silicone 
prosthesis, measuring 29 × 7 cm. This implant 
was placed below the fascia lata. In 2005, Anger 
[ 20 ] presented his work on three patients who had 
medial thigh augmentation with calf implants for 
asymmetric medial thigh regions. He placed calf 
implants in the medial thigh via incisions made 
in the gluteal fold. The implants themselves were 
placed in a space that was dissected between 
the gracilis and adductor magnus muscles. Two 
patients received implants measuring 180 mL and 

a third patient received an implant with a volume 
of 140 mL. There were no complications noted 
and the results were satisfactory. 

 In 2011, several surgeons presented the results 
of their work over the preceding years, making 
it clear that thigh augmentation was defi nitely a 
surgery in evolution [ 16 – 18 ]. The fi rst of the three 
studies to be published was our own institutions 
initial description of the procedure published in 
2011 [ 18 ]. The authors evaluated the results of 
18 hip augmentations since fi rst beginning the 
procedure in 2010. In that paper the results were 
discussed with placement of a semirigid silicone 
prosthesis below the fascia lata via a lateral hip 
incision and noted only one signifi cant compli-
cation: a case of suspected compartment syn-
drome. All 18 patients, however, had excellent 
aesthetic results and were happy with the pro-
cedure performed once recovery was complete. 
The implant used in our study was an oblong-
shaped implant, designed by Nikolas Chugay, 
specifi cally for addition of volume and curvature 
to the lateral hip/thigh region (Fig.  7.2 ). In 2011, 
Netto [ 16 ] published his work on 68 patients 
who had placement of a silicone prosthesis in 
the lateral hip/thigh region. His work is a mix 
of patients being treated for poliomyelitis and 
those seeking more shapely thighs for purely 
aesthetic reasons. His paper also differs in the 
fact that the majority of his patients (94 %) had 
placement of medial thigh prostheses, and only 
four patients (6 %) had implants placed in the 
lateral aspect. Implants used in his procedures 
were of an elliptical shape, similar to those 
seen for calf augmentation. His implants varied 
in dimensions from 23 to 29 cm in length and 
4–6 cm in width. His implants ranged in volume 

Front Side End

  Fig. 7.2    Chugay hip prosthesis       
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from 140 to 290 mL. In 2011 Cardak et al. [ 17 ] 
reported on his lateral thigh augmentation with a 
suprafascial approach to implant placement. The 
patient described was a 42-year-old female who 
had suffered a thigh deformity because of child-
hood orthopedic surgery, secondary to muscle 
atrophy and signifi cant scarring. Similar to the 
work of Netto, Cardak used an asymmetrical sil-
icone gel- fi lled calf prosthesis with more bulk at 
the cephalad aspect. His technique also used two 
incisions for placement of a 150 mL implant.

   Clearly, the fi eld of thigh augmentation is in its 
infancy, and further long-term and large- volume 
studies are necessary to fully ascertain the long-
term results, determine the best position for the 
implant, and assess the long-term ramifi cations of 
this surgery.  

    Indications 

 The hip implant, used in the authors’ practice, 
is designed to improve the aesthetic contour of 
the hip/lateral thigh region. First introduced as 
a means to correct a congenital anatomic defor-
mity, the hip implant can be used to treat defor-
mities due to trauma, disease, or after surgical 
procedures. Transgender patients are excel-
lent candidates for hip augmentation to cor-
rect a naturally male form and produce more 
curvature in the lateral portion of the hip/thigh 
region. Asian women frequently lack fullness 
in the hips and do not have suffi cient fat to 
perform a fat grafting procedure are excellent 
candidates for hip augmentation. Although a 
depression over the greater trochanter is nat-
ural, many females wish to accentuate this 
region and fi ll out the area to give them a more 
prominent curvature and benefi t from the use 
of a hip implant.  

    Contraindications 

 A relative contraindication to placement of a hip 
implant would be a patient who is very thin and 
has little adipose tissue. This contraindication is 
relative only because it may allow for a  palpable 

implant postoperatively, which is an often unde-
sired complication of muscle augmentation sur-
gery. Also, another relative contraindication 
would be previous surgery in the lateral hip/thigh 
region that may have compromised blood fl ow, 
as in major oncologic procedures or surgery after 
trauma. It is at the surgeon’s discretion to deter-
mine if a particular candidate can safely undergo 
surgery without major risk of compromise to tis-
sues in the area.  

    Limitations 

 The surgeon is limited in the extent to which the 
lateral hip/thigh compartment can be augmented 
only by the implants currently available. Through 
work with our implant manufacturer, we have 
been able to create custom implants to augment 
larger segments of tissue. This, however, does 
come at an increased cost to the patient.  

    Relevant Anatomy 

 The anatomy in the lateral hip/thigh region that is 
encountered in the typical dissection is the area 
of relevant anatomy. 

 The tensor fascia lata (TFL) is a small muscle 
that lies in the middle and upper outer thigh. It 
arises from the anterior part of the outer lip of the 
iliac crest and inserts along the iliotibial tract at 
the middle third of the thigh. The tensor fascia 
lata then becomes continuous with the iliotibial 
band, which is a thick band of fascia that extends 
along the lateral thigh from the iliac crest to the 
knee (Fig.  7.3 ). The iliotibial band is inserted into 
the lateral condyle of the tibia (Gerdy’s tuber-
cle). The tensor fascia lata assists in fl exion and 
abduction of the thigh. It counteracts the poste-
rior pull from the gluteus maximus muscle on the 
iliotibial tract. The innervation of the TFL is via 
the superior gluteal nerve which exits the pelvis 
at the greater sciatic foramen above the pirifor-
mis muscle [ 21 ]. It is below this muscle/band that 
the implant is placed snuggly against the femur to 
attain a seamless augmentation without high risk 
of implant palpability.
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   The nerve with the greatest potential for injury 
in this procedure is the lateral femoral cutane-
ous nerve of the thigh. It is a nerve of the lum-
bar plexus, arising from the dorsal branches of 
L2 and L3. The nerve exits the spine and courses 
anteriorly to cross under the inguinal ligament 
approximately 2 cm medial to the anterior supe-
rior iliac spine (ASIS). Once outside the pelvis, 
the nerve bifurcates into anterior and posterior 
branches approximately 5 cm below the ASIS on 
the surface of the sartorius muscle. The anterior 
branch becomes superfi cial about 10 cm below 
the inguinal ligament, and then it divides into 
branches that are distributed to the skin of the 
anterior and lateral parts of the knee. The poste-
rior branch pierces the fascia lata and supplies the 
skin from the level of the greater trochanter to the 
middle of the thigh posteriorly [ 22 ]. The nerve is 
subject to injury at the time of dissection of the 
implant pocket below the fascia lata (Fig.  7.4 ).

   Blood supply to the lateral hip/thigh region is 
primarily derived from branches of the  femoral 

artery, of which the lateral circumfl ex femo-
ral artery is the largest contributor (Fig.  7.5 ). 
This artery arises from the lateral side of the 
profunda femoris artery and passes horizontally 
behind the sartorius and rectus femoris, giving 
off three branches: ascending, transverse, and 
descending. The ascending branch then anas-
tomoses with the superior gluteal and deep cir-
cumfl ex iliac artery to ensure a rich blood supply 
to the lateral hip/thigh region. These vessels are 
relatively remote from the area of dissection and 
are not at signifi cant risk of injury if careful blunt 
dissection is performed and excessive medial dis-
section is avoided.

       Consultation/Implant Selection 

 A thorough history and physical are paramount to 
preventing complications at the time of hip/thigh 
augmentation. During the consultation, patient’s 
expectations are managed and assessment of the 
patient’s mental state is undertaken. It is made 
clear to the patient the expected augmentation 
that can be seen with implant placement and limi-
tations of the procedure are also explained. 

 After completion of the history portion of the 
consultation, an evaluation of the patient’s hip/
thigh is made. Any asymmetries or defects are 
pointed out to the patient. The patient’s muscles 
are then evaluated. The skin and fat content are 
similarly assessed at this time as a patient with 
minimal adipose and thin skin is more at risk for 
implant palpability. Measurements of the patient’s 
thighs and hips are then taken: (1) circumference 
of the midportion of the thigh, (2) circumference 
of the waist, (3) circumference around the hips 
(level of the greater trochanters), and (4) length 
of the lateral leg from the greater trochanter to 
the mid-thigh (suspected insertion of the tensor 
fascia lata). Depending on the patient’s physi-
cal dimensions and desire for more volume in 
the lateral thigh regions, three different types of 
implants can be placed in the subfascial plane 
(small, medium, large). AART (Aesthetic and 
Reconstructive Technologies, Inc., Reno, NV) 
has been able to develop three different implants 
for the authors’ needs measuring 207, 250, and 
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  Fig. 7.3    Anatomy of the iliotibial band and tensor fascia 
lata       
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  Fig. 7.4    Sensory dermatomes of the lower extremity. Take note of the dermatome relating to the lateral femoral cutane-
ous nerve as it is the most frequently involved in neuropathy post hip/thigh augmentation       
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Scrotum
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  Fig. 7.5    Distribution of the 
femoral artery. Take note of 
the lateral branch of the 
femoral artery, the lateral 
femoral circumfl ex artery. It is 
this artery and its smaller 
branches that may be 
inadvertently damaged in the 
dissection of a pocket for the 
hip/thigh implant if one is not 
careful and dissection is 
carried too far medially       
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545 mL (Table  7.1 ) (Fig.  7.6 ). The ability to place 
a larger implant is largely based on the length of 
the leg from the trochanter to the insertion of the 
tensor fascia lata, and implants should not be cho-
sen that exceed this length.

        Preoperative Planning and Marking 

 On the day of the surgery, the patient is met 
in the preoperative holding area. It is here that 
the patient’s consent is verifi ed and again risks, 
benefi ts, and alternatives are reviewed with the 
patient. With the patient in the erect position, 
the proposed site of incision is marked, measur-
ing approximately 5–7 cm. The site of incision 
should be in line with the patient’s bikini line/
panty line so as to make the incision as well hid-
den postoperatively as possible (Fig.  7.7 ). Once 
the site of the incision is marked, the site of the 
proposed implant is marked taking into account 

the patient’s anatomy and existing defi cit along 
with the desires of the patient.

       Operative Technique 

 A 3 cm incision is made in the high lateral aspect 
of the thigh in a transverse orientation, using a 
No. 15 Bard-Parker blade (Fig.  7.8 ). Dissection 
through the subcutaneous tissues is performed 
using both blunt and sharp dissection down to the 
level of the fascia (Fig.  7.9 ). A transverse incision 
is made in the fascia overlying the fascia lata mus-
cle using a No. 15 blade (Fig.  7.10 ). This incision 
is lengthened using Metzenbaum scissors, and 
2-0 Vicryl stay sutures are placed in the fascia 
lata on both sides (Fig.  7.11 ). A hemostat is used 
to divide the fascia lata muscle in line with its 
fi bers. Dissection beneath the fascia lata is per-
formed in a blunt fashion using fi nger dissection 
at fi rst, taking care to achieve a level right on top 
of the femur (Fig.  7.12 ). A spatula dissector and a 
hockey-stick dissector are used to further expand 
the pocket to the edges of the pre-marked implant 
site just as in gluteal augmentation. Hemostasis is 
now assessed and attained as necessary with elec-
trocautery. Once the pocket has been completed 
over the shaft of the femur, it is irrigated with a 
solution containing Betadine, normal saline, 1 g 
of cefazolin, and 80 mg of gentamicin. This is 
suctioned. 10 mL of 0.5 % Marcaine is instilled 
into the pocket to aid with postoperative pain 
control. A custom Chugay lateral thigh prosthesis 
is then placed (Fig.  7.13 ). Attention is now turned 
to the other side (Fig.  7.14 ). The second implant 
is placed and symmetry is assessed. Adjustments 
to the implants or the pockets are performed at 
this time to ensure as symmetric a result as pos-
sible. The fascia is then reapproximated using 
2-0 Vicryl suture and the subcutaneous tissues 
are brought together using 3-0 Vicryl suture. The 
skin is then closed with 4-0 Vicryl suture in sub-
cuticular fashion. The patient is awakened from 
anesthesia and taken to the recovery room.

         During the course of utilizing the hip augmen-
tation technique, the primary surgeon has worked 
to perfect the technique and has used alternative 
methods of positioning and incision placement. 
As an alternative to placement of the incision in 

   Table 7.1    Hip implants with sizes, dimensions, and 
volume   

 Size  Catalog #  Width  Length  Projection  Size (cc) 

 1  501–101  10.4  15.0  2.5  207 
 2  501–102  11.0  15.6  3.1  250 
 3  501–103  13.5  18.0  4.6  545 

  Fig. 7.6    Hip implant prior to implantation       
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the lateral hip region, the primary author has used 
a previous abdominoplasty incision as the site of 
incision with subsequent dissection laterally to the 
hip region for placement of the implant (Fig.  7.15 ). 
This technique proved to be quite challenging 
as the placement of the implant was not facile due 
to the angles created around the edge of the pelvis 
and greater trochanter. The patient’s results were 
satisfactory; however, the primary author (NVC) 

has begun to think twice about future uses of the 
abdominoplasty incision unless the incision has 
been previously carried wide onto the hips as the 
dissection over the trochanter, from the anterior 
aspect, can prove to be quite challenging.

   Another variation of the technique has been 
placement of the patient in the prone position 
(Fig.  7.16 ). This technique allows the surgeon 

a b

  Fig. 7.7    ( a ,  b)  Preoperative markings with locations of incisions and proposed sites of implants       

  Fig. 7.8    Incision made in the lateral aspect with the site 
of the proposed implant similarly marked         Fig. 7.9    Sharp dissection through the subcutaneous tis-

sues using scissors and electrocautery down to the level of 
the fascia lata       
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to better dissect in the anterior direction, poten-
tially allowing the surgeon to seat the implant in 
a more anterior position. This technique was used 
in a patient who wished to have more prominence 
anteriorly rather than squarely placed in the lat-
eral aspect of the hip. The patient’s results were 
also noted to be satisfactory, and this remains 
an option for the surgeon needing to redirect an 
implant more anteriorly.

       Postoperative Care/Instructions 

 Postoperatively, the patient may begin ambu-
lating starting on the evening of the procedure. 
They may shower the fi rst postoperative day, 

making sure to keep dressings clean and dry the 
Robbins tape with a hair dryer on a low heat set-
ting. If permanent sutures were used by the sur-
geon, they may be removed at the 1-week-after 
visit    (Fig.  7.17 ). Patients are then allowed to 
begin light activity at week 2 and full unrestricted 
activity at weeks 4–6. Patients are asked to wear 
an elastic compression garment for 4 weeks 
postoperatively to prevent dead space, thereby 
helping to reduce the risk of seroma formation. 
The legs are to be elevated as much as possible 
to allow for better lymphatic/venous drainage. 
Patients are prescribed both narcotic analgesics 
along with muscle relaxants (diazepam 5 mg 
every 8 h as needed for spasm) to assist with 
postoperative pain.

a b

c

  Fig. 7.10    ( a)  Fascia overlying the tensor fascia lata is 
exposed (glistening). ( b)  Close-up of fascia overlying the 
tensor fascia lata. ( c)  Incision in fascia exposing the hori-

zontally oriented fi bers of the fascia lata muscle (seen at 9 
o’clock position with stitch in overlying fascia)       
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       Complications 

 In performing hip augmentation, there is a host of 
complications that can arise (Table  7.2 ).

      Infection 

 Infection, either superfi cial or deep, is a possibil-
ity in hip/lateral thigh augmentation surgery. The 
most likely culprits would be  Staphylococcus 
aureus  and  Staphylococcus epidermidis    , relatively 
common skin fl ora. Prior to making incision, 
standard practice should be the administration 
of 2 g of intravenous (IV) Ancef (or 300 mg IV 
clindamycin in a penicillin- or cephalosporin- 
allergic patient). During the procedure, irrigation 
of the pocket with a standard antibiotic solution 

a b

  Fig. 7.11    Placement of stay sutures in the fascia overly-
ing the tensor fascia lata. ( a)  Undyed Vicryl suture placed 
in the upper portion of the fascia (patient’s head at 9 

o’clock position and feet at 3 o’clock). ( b)  Dyed suture 
placed in caudal portion of fascia (down)       

  Fig. 7.12    Finger dissection of the pocket below the 
fascia lata taking care to identify the femur and stay 
along it       
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containing normal saline, Betadine, Ancef, and 
gentamicin should be performed. Postoperatively, 
a 5-day regimen of oral antibiotics covering nor-
mal skin fl ora should be administered (the authors 
prefer ciprofl oxacin 500 mg twice daily for its 
broad coverage). If a deep infection occurs, the 
standard of practice is removal of the implant, clo-
sure, and possible reimplantation in 3–6 months. 
There are reports in other forms of implant sur-
gery that conservative management and implant 
salvage are possible. This should be left at the 

discretion of the surgeon and performed with 
careful counseling of the patient.  

    Seroma 

 Seromas are statistically the most common com-
plication occurring in implant surgeries. They 
typically present as new onset pain, swelling, 
or asymmetry. The treatment of choice remains 
percutaneous aspiration using aseptic technique. 
This complication is best prevented with patient 
compliance with compression garments and 
proper implant placement at the time of surgery, 
thereby minimizing dead space. 

 In the authors’ practice, there was one 
patient with a delayed seroma/hematoma. A 
28-year-old female presented 5 years after 
lateral buttock/hip augmentation with a large 
seroma development in the right lateral buttock/
hip region. The patient had been playing with 
her niece when the little girl fell on top of her. 
Shortly thereafter, the patient noted signifi cant 
swelling in the area that developed over several 
days. She was taken to the operating room (OR) 
for removal of hip/lateral buttock implants and 
was noted to have a signifi cant seroma/hema-
toma of the right hip region (Fig.  7.18 ). The 
patient likely suffered a small capsular tear 
that produced the hematoma/seroma. No active 
bleeding was appreciated.

a b

  Fig. 7.13    ( a)  Implant being advanced into position. ( b)  Implant in position below the fascia lata muscle       

  Fig. 7.14    Patient in the supine position with incisions 
having been made in the previous abdominoplasty inci-
sions. The right side has been augmented and now atten-
tion is turned to the contralateral side       

 

 

7 Hip/Thigh Augmentation



179

a

c

b

  Fig. 7.15    Using abdominoplasty incision for site of entry 
for hip augmentation. ( a)  Markings delineating site for 
implant placement and the site of the incision in the skin 
(in line with tail end of patient’s abdominoplasty incision). 

( b)  Dissection through subcutaneous tissues and through 
the fascia of the leg demonstrates the anterior border of the 
tensor fascia lata muscle at 3 o’clock. ( c)  Dissection of the 
implant pocket with the aid of a spatula dissector       

  Fig. 7.16    Hip augmentation with the patient in the prone 
position when a more anterior position of the implant is 
desired by the patient       
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       Hematoma 

 Although a rare occurrence due to the relatively 
avascular plane of dissection for the hip augmenta-
tion procedure, a hematoma is always a possibility 
in surgical procedures. Small branches of the lat-
eral circumfl ex femoral artery, a branch of the pro-
funda femoris, can be injured during the dissection 
for hip augmentation. In the event of a hematoma, 
rapid evacuation, pocket irrigation, and reimplan-
tation are the mainstays of therapy. This complica-
tion is best prevented by meticulous hemostasis at 
the time of surgery and good compression of the 
thigh post-op to prevent potential space creation.  

    Asymmetry 

 This can occur as a product of preexisting vari-
ability in the patient’s legs or variability in dis-
section of the pocket bilaterally. This is best 
minimized by good preoperative photography 
and noting any asymmetries preoperatively. 
To avoid creation of asymmetry, it is important 
to maintain the same pattern of dissection and 
pocket creation bilaterally.  

    Implant Visibility 

 Due to the submuscular placement of the implant, 
this is indeed a rare complication. However, those 
patients that have very thin and atrophic legs to 
begin with may suffer from implant palpability 
and visibility. Patients should be counseled on 
this fact preoperatively if there is a feeling that 
the patient could be at risk. 

 In the authors’ practice, there was one patient 
that had noticeable implants shortly after sur-
gery. A 62-year-old female underwent hip aug-
mentation with style 1, size 1 implants. The 
implants were not placed deep below the fascia 
lata but beneath the superfi cial fascia of the thigh 
(Fig.  7.19 ). This resulted in the implant outline 
being visible, requiring removal as the patient 
did not wish to undergo deeper placement of the 
implants. For this reason, we routinely employ 
the shaft of the femur as our landmark for depth 

  Fig. 7.17    Typical bruising at 1 week after surgery. 
Permanent sutures noted in position as per surgeon’s pref-
erence. Since the wound appears clean, removal of the 
sutures at this time would be appropriate       

   Table 7.2    Potential complications of hip/thigh augmen-
tation   

 Potential complications of hip/thigh augmentation 
surgery 

 Infection 
 Seroma 
 Hematoma 
 Asymmetry 
 Implant visibility 
 Implant migration 
 Hypertrophic scarring 
 Hyperpigmentation of the scar 
 Capsular contracture 
 Wound dehiscence 
 Nerve injury (permanent or temporary, motor or 
sensory) 
 Compartment syndrome 
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when placing the implant. If the femoral shaft 
cannot be palpated, then the implant is being 
placed in too superfi cial a plane.

       Implant Migration 

 While it is true that any implant can shift with 
time, the placement of an implant very near the 

hip joint which is constantly moving likely places 
hip implants at a higher risk of implant migration. 
If it occurs, a return to the operating room with 
implant repositioning may be an option. However, 
due to the deep position of the implants, signifi cant 
malposition may warrant implant removal. If the 
patient wishes to have the implants replaced, they 
can be replaced 3–6 months after implant removal. 

 In the one case of implant migration that 
we have noted, a 32-year-old female presented 
4 months postoperatively with implants that 
had shifted out of position. She had undergone 
hip augmentation with style 1, size 1 implants 
and had a protracted course with postoperative 
seromas for 2 months. These were drained per-
cutaneously without incident and with resolution 
of the seroma by 2 months. However, she pre-
sented at 4 months with a left implant that was 
signifi cantly shifted out of position, with the left 
implant shifting inferiorly (Fig.  7.20 ). Due to the 
complications she had suffered up to that point, 
she elected to have the implants removed.

       Scar Hyperpigmentation 
and Hypertrophy 

 The key to reduction of these problems is careful 
layered closure. Patients with a history of keloid 
or hypertrophic scar formation may require the 
use of steroid injected at the site of incision in the 
perioperative period. When placing the hip/thigh 

a cb

  Fig. 7.18    ( a – c)  Patient presented with a delayed hematoma of the right hip likely secondary to a minor capsular tear       

  Fig. 7.19    A patient with a superfi cial implant that is eas-
ily palpable. At the time of surgery, the implant was 
placed in a more superfi cial plane rather than being below 
the fascia lata muscle. This was confi rmed at the second 
operation (implant removal)       
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augmentation incision, care should be taken to 
place the scar in the bikini line to best hide the 
incision. Unfortunately, this incision is one of 
the hardest incisions to hide in all of the muscle 
augmentation procedures that we perform. Using 
a previous abdominoplasty incision is an option 
when it is available; however, the dissection is a 
bit more complex owing to the need to dissect 
over the trochanter from the anterior aspect. When 
the incision is closed in layered fashion and good 
wound care is provided postoperatively, patients 
have the potential to achieve excellent scars and 
can all but avoid noticeable scars (Fig.  7.21 ).

       Capsular Contracture 

 This is a possible late sequelae of any implant 
placement, most frequently described in the 
breast augmentation literature. In the event that 
a patient presents with signs/symptoms of cap-
sular contracture (e.g., induration of the implant 
site, tightness in the leg, new onset pain, new 

onset swelling), ultrasound or CT evaluation 
of the affected extremity is warranted. If a cap-
sule is identifi ed, typically characterized by 
 calcifi cations, then a partial or complete capsu-
lectomy is warranted. Capsulotomies are a better 
option if the capsule is not easily accessible, as 
in most implant procedures. Capsular contracture 
is best prevented by meticulous hemostasis, good 
sterile technique, and avoidance of bleeding in 
the postoperative period. There may be a role for 
Accolate (zafi rlukast) use to help soften a newly 
forming thick capsule. If identifi ed early, our 
practice is to place patients on zafi rlukast 10 mg 
bid for 3 months.  

    Wound Dehiscence 

 Wound dehiscence is a product of poor wound 
closure under too much tension typically. In order 
to prevent this, meticulous closure in three layers 
is paramount: fascia, deep dermis, and skin.  

    Nerve Injury 

 Due to the avascular and relatively structure-
free dissection performed in the vast majority of 
cases, permanent nerve injury is rarely a prob-
lem. It is quite common for patients to complain 
of some numbness over the area of the posterolat-
eral thigh postoperatively; however, this subsides 
within 1–3 months postoperatively. This com-
plaint of numbness is likely a result of traction 
injury to the lateral femoral cutaneous nerve. The 
posterior branch of the lateral femoral cutane-
ous nerve pierces the fascia lata in the upper to 
mid- thigh region and supplies the skin from the 
level of the greater trochanter to the middle of the 
thigh posteriorly. Careful dissection of the fascia 
lata and use of blunt dissection below the fascia 
allow for the creation of a pocket with minimal 
risk of injury to the nerve. 

 Injury to the lateral femoral cutaneous nerve, 
when due to compression by the implant or 
signifi cant infl ammation of the thigh, results 

  Fig. 7.20    Implant malposition. Note the inferiorly dis-
placed left hip implant       
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in a syndrome named meralgia  paresthetica 
(Fig.  7.22 ) [ 23 – 25 ]. First described by 
Bernhardt, in 1878 [ 25 ], the syndrome is primar-
ily characterized by pain on the outer side of the 
thigh, occasionally extending to the lateral knee. 

There may also be a burning sensation, tingling, 
or numbness in the same area. Patients will at 
times complain of multiple beesting-like pains 
in the area of distribution of the nerve. Lastly, 
patients may complain of hypersensitivity to 

a b  Fig. 7.21    These    scars are 
shown 1 month postopera-
tively. There is a shine to 
them as the patient has been 
religious about application of 
silicone sheeting and liquid 
silicone bandages to her 
incision. This has resulted in 
a well-healed scar that will 
only improve with the 
coming months. ( a ) Depicts a 
picture of the patient’s left 
hip and ( b ) depicts a picture 
of the patient’s right hip       

Ant’r sup’r
iliac

Lat femoral
cutaneous

Inguinal
ligament

Symphysis pubis

Hypoaesthesia

  Fig. 7.22    Meralgia 
paresthetica and the course 
of the lateral femoral 
cutaneous nerve       
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heat, with even lukewarm water feeling like it 
is scalding hot. The cause most frequently cited 
in the literature is  compression and stretching 
injury to the nerve due to obesity, pregnancy, 
ascites, tight garments, seat belts, braces, direct 
trauma, leg length changes, scoliosis, and mus-
cle spasm [ 26 ]. Diagnosis is largely based on 
patient description of the characteristics of the 
syndrome with a temporal relationship to recent 
surgical intervention. CT, MRI, or electromy-
ography are examples of adjunctive studies but 
are rarely required. The mainstay of treatment 
is removal of the cause of compression (the 
hip implant) if it is felt that the nerve is intact. 
The use of NSAIDs and narcotic pain medica-
tions is very common in addition to rest of the 
lower extremity. In some cases, the physician 
may offer a local nerve block at the inguinal 
ligament, using a combination of lidocaine and 
corticosteroids to help ease the discomfort and 
decrease signifi cant infl ammation surrounding 
the nerve. Pain medications used in the treatment 
of neuralgia pain (e.g., gabapentin and pregaba-
lin) may be employed to help with symptoms of 
pain. Should medical measures be unsuccessful, 
the surgeon should strongly consider implant 
removal. If the nerve has been completely sev-
ered, then treatment is largely supportive as most 
patients have a permanent sense of numbness, 
which is painless.

   The probability of lateral femoral cutaneous 
nerve injury is best approximated by the reported 
incidence in the Smith-Petersen approach (antero-
lateral) for total hip replacement, which has a path 
of dissection that approximates that for lateral 
hip augmentation. Hussel [ 27 ] in his evaluation 
of various surgical approaches for periacetabular 
osteotomy found that the incidence of lateral fem-
oral cutaneous nerve injury was approximately 
30 % and largely attributed to blunt force trauma 
due to retractors and traction. Similarly, the 
patients that the authors have treated with hip aug-
mentation have a reported incidence of numbness 

in the lateral thigh region of approximately 20 %. 
This has been self- limited in these cases and has 
lead to no permanent defi cits. The femoral nerve 
itself is far removed from the area of dissection in 
this procedure as it is located in the anterior thigh, 
medial to the sartorius.  

    Compartment Pressure Problems/
Compartment Syndrome 

 Compartment syndromes, typically seen in 
trauma, involve an acute increase in pressure 
inside a closed space, thereby impairing blood 
fl ow to the affected space and potentially put-
ting the limb at risk for loss. Clinical signs of 
compartment syndrome include the 6 Ps: pain, 
poikilothermia, pallor, paresthesias, paralysis, 
and pulselessness. In conscious patients, pain out 
of proportion to examination is the prominent 
symptom. Pain with passive range of motion is 
particularly troubling. In the authors’ experience 
with hip augmentation since 2010, there has been 
only one patient who had a near compartment 
syndrome: 

 In that case, a 35-year-old female presented 
for hip augmentation secondary to a fl attened lat-
eral thigh/hip region. The patient’s surgery was 
uneventful with placement of 250 mL implants 
into the hip region. One week after surgery, she 
presented with complaints of tightness over the 
lateral thigh region on the right side. The skin 
was dusky and several vesicles were noted. 
Because of the lack of obvious signs of limb com-
promise, observation with daily wound checks 
were performed to evaluate for possible evolu-
tion of compartment syndrome. Daily wound 
care to the vesicles consisted of Betadine to help 
dry the area overlying the vesicles with regular 
use of Neosporin to prevent bacterial coloniza-
tion. Within 4 days, the duskiness improved and 
the vesicles had subsided. The patient’s condi-
tion was likely a near compartment syndrome 
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 secondary to a tight submuscular pocket for a 
medium-sized implant. This patient was one of 
the early patients treated with a hip implant, and 
since that time, it has been the authors’ standard 
practice to perform a slightly more generous 
pocket dissection in the anteroposterior dimen-
sion to minimize the risk of having an overly tight 
pocket. However, refrain from over- dissecting in 
the craniocaudal direction as this can produce a 
signifi cant problem with sliding of the implant in 
the vertical dimension.   

    Authors’ Practice Experience 

 To date, the authors have performed a total of 
40 hip augmentations using the lateral thigh/
hip prosthesis since 2010. Aesthetic results have 
been good in the majority of cases with a patient 
satisfaction rate of 82.5 % (33/40). For those that 
were dissatisfi ed with the results of the proce-
dure, the dissatisfaction arose largely from the 
patient feeling that the augmentation was insuf-
fi cient and should have been more dramatic (5/7). 
This again reinforces the need to determine if the 
patient’s initial expectations are realistic. Because 
of this dissatisfaction with size, 4 pairs out of the 
40 pairs of implants (10 %) were removed at a 
later surgery. The other two patients were dis-
satisfi ed with asymmetry that was clearly appar-
ent requiring revision surgery. Of the implants 
placed, the majority of patients received size 1 
(207 mL) implants (Table  7.3 ).

   The complications actually observed are noted 
in Table  7.4 , with the most frequent complication 
being seroma accumulation followed by temporary 

nerve injury resulting in loss of  sensation over the 
distribution of the lateral femoral  cutaneous nerve. 
For those patients that did see a seroma accumu-
late, it was noted that 50 % were noncompliant 
with strict garment use and activity restriction in 
the postoperative period. Strict adherence to post-
operative instructions can minimize the risk of 
seroma formation, especially when coupled with 
conservative pocket dissection. Patients are advised 
to wear a compression garment 24/7 as much as 
possible for 1 month. In addition, vigorous activity 
is restricted until 4–6 weeks after surgery.

   Table 7.3    Implants used between 2010 and 2013   

 Implant size  Number ( n  = 40)  Percentage (%) 

 #1 (207 mL)  32  80 
 #2 (250 mL)  7  17.5 
 #3 (545 mL)  1  2.5 

   Table 7.4    Complications observed with hip augmenta-
tion 2010 to present   

 Complication 
 Number 
( n  = 40) 

 Percentage 
(%) 

 Infection  0  0 
 Seroma  10  25 
 Hematoma  0  0 
 Asymmetry (minor or major)  6  15 
 Implant migration  1  2.50 
 Hypertrophic/hyperpigmented 
scarring 

 1  2.50 

 Capsular contracture  0  0 
 Nerve injury (temporary)  8  20 
 Nerve injury (permanent)  0  0 
 Post operative pain 8–10  4  10 
 Wound dehiscence  0  0 
 Unhappy with size of implants  5  12.50 
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  Case 2 (Fig.  7.24 ) 

    A 28-year-old transgender patient underwent 
hip augmentation initially with style 1, size 2 
implants (250 mL). Six months later the patient 
underwent a second operation to achieve a more 

curvy fi gure. In her second operation she received 
the only style 1, size 3 implant that we have 
placed to date. The patient is shown preopera-
tive, before her fi rst surgery, and 6 months later 
after completion of the second augmentation.  

       Patient Cases 

  Case 1 (Fig.  7.23 ) 

    A 39-year-old transgender patient underwent hip 
augmentation with style 1, size 1 hip implants. 
In addition to providing a more  feminine form, 
there was improvement in overall symmetry of 

the legs as there was noted to be a minor defect 
in the left lateral hip/buttock region. Liposuction 
of the waist was also performed to further nar-
row the patient’s waist and improve the overall 
projection of the hip implant.  

a b  Fig. 7.23    ( a ) before, 
( b ) 1 week postop hip 
augmentation with 
style 1, size 1 implant 
bilaterally       

a b  Fig. 7.24    ( a ) Preop 
hip augmentation and 
lipo to the hips. ( b ) 
The patient is show 6 
months after comple-
tion of the second 
augmentation with 
style 1, size 3 implants 
and having undergone 
liposuction of the hips/
waist       
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  Case 3 (Fig.  7.25 ) 

    A 36-year-old female presented to have hip 
implants placed for increased curves and to 
eliminate the depression at the trochanters. 

She underwent augmentation with style 1, size 
1 implants and is noted to have an improved 
contour to the lateral hip/buttock region, elim-
inating the notable trochanteric depressions.  

a1

b1 b2

a2  Fig. 7.25    ( a1 ,  a2 ) 
preop AP and PA views 
of the patient. ( b1 ,  b2 ) 
Postop AP and PA 
views 3 weeks after hip 
augmentation with 
style 1, size 1 hip 
implants bilaterally       
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  Case 4 (Fig.  7.26 ) 

    A 33-year-old female underwent hip aug-
mentation surgery with style 1, size 1 
implants. She had previously undergone 
buttock augmentation 3 months prior with-
out suffi cient improvement in the lateral hip 

region and wanted more projection in the 
lateral aspect to complement her improved 
bottom side. The patient is shown preopera-
tively, having undergone her buttock aug-
mentation successfully, and 1 week after hip 
augmentation.  

a1 a3 a4a2

b1 b3 b4b2

  Fig. 7.26     a1 – a4  AP, PA, Lateral views of the patient 
3 months after buttock augmentation seeking further 
curve in the lateral hip region.  b1 – b4  Postop AP, PA, 

Lateral views of patient 1 week after hip augmentation 
with style 1, size 1 implant with increased projection 
to create a more signifi cant lateral curvature       
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  Case 5 (Fig.  7.27 ) 

    A 43-year-old female had previously under-
gone liposuction of the lateral thigh with 
another surgeon. This created a lateral thigh 
defect. She attempted fat grafting to the area 
without improvement. She presented for hip/

lateral thigh augmentation to improve the con-
tour of her leg. She underwent augmentation 
with style 1, size 1 lateral hip prosthesis and 
was happy with the improvement in her lateral 
thigh region. She is shown preoperatively and 
3 months postoperatively.  

a b  Fig. 7.27    ( a ) Preop 
AP view of patient 
prior to implant placed 
to augment lateral thigh 
to correct liposuction 
defect. ( b ) 3 months 
post lateral thigh 
augmentation with 
style 1, size 1 hip/thigh 
implant       

  Case 6 (Fig.  7.28 ) 

    A 25-year-old female underwent hip augmen-
tation for hypoplastic hips with style 1, size 2 

hip implants. The patient is shown preopera-
tive and 2 months postoperative.  

a b

  Fig. 7.28    ( a ) Preop PA view of patient prior to hip augmentation. ( b ) 2 months postop hip 
augmentation, producing more projection in hip area to give more curvy fi gure       
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  Case 7 (Fig.  7.29 ) 

    A 28-year-old female underwent hip augmen-
tation with style 1, size 2 hip implants for 

hypoplastic hips. She is shown preoperative 
and 1 month postoperative.  

a1

b1 b2

a2  Fig. 7.29    ( a1 ,  a2 ) 
Preop AP and PA views 
prior to hip augmenta-
tion and liposuction to 
the hips/waist. ( b1 ,  b2 ) 
1 month postop from 
hip augmentation with 
style 1, size 2 implants 
and liposuction       
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  Case 8 (Fig.  7.30 ) 

    A 30-year-old transgender underwent hip aug-
mentation with style 1, size 2 hip implants to 

achieve a more feminine and curvy fi gure. The 
patient is shown preoperative and 4 months 
postoperative.   

a b
  Fig. 7.30    ( a ) PA view 
preop. ( b ) PA view 
postop after hip 
augmentation with 
style 1, size 2 implants 
demonstrating more 
curvy fi gure       

    Conclusions 

 Augmentation of the lateral hip/thigh region 
with a silicone prosthesis is a great way to aes-
thetically enhance a woman’s body. It is a pro-
cedure that does have a steep learning curve 
and requires repetition to achieve aesthetically 
pleasing and reproducible results. However, 
once a surgeon becomes adept at the proce-
dure, it is useful in enhancing the lateral aspect 
of the leg and giving the female patient curves 
“in all the right places.”     
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                     Introduction 

 Men and women alike wish to have a more 
 muscular and toned physique, and the calf region 
is not exempt from this. Despite vigorous exer-
cise and body building, some people are unable 
to attain the defi nition that they desire in the calf. 
Many patients who present for consultation want 
to look good in shorts and skirts but due to a 
hypoplastic calf say that they are unable to do so. 
To that end, calf implants of various shapes and 
sizes have been created to increase volume in the 
calf. In addition to calf implants, there has been 
increasing interest in the use of fat to augment the 
calf in order to avoid foreign body placement [ 1 ].  

    Calf Aesthetics 

 While the perception of an aesthetic calf may 
vary from culture to culture and time period to 
time period, the anatomy is consistent and ulti-
mately gives the basis for calf aesthetics. The 
shape of the calf is defi ned primarily by the vol-
ume of the gastrocnemius and soleus muscles. In 
addition, the crural bones and the subcutaneous 
fat work in tandem with the muscles to further 
defi ne the calf. While the bones cannot be altered 
easily to adjust the aesthetics of the calf, there is 
liposuction available to treat the subcutaneous fat 
and implants to address the muscle volume. 

 Over the years multiple physicians and 
mathematicians have tried to defi ne beauty and 
what constitutes a beautiful human form. It was 

Howard [ 2 ] who fi rst described the ideal length 
proportions of the calves, basing his paper’s 
fi ndings on the drawings of Leonardo da Vinci. 
Howard defi ned the golden ratio of calf aesthetics 
to exist when the distance between the ankle and 
the lower border of the gastrocnemius muscle 
was equal to the distance between the knee and 
the most prominent point on the medial curva-
ture of the gastrocnemius muscle; and the entire 
length of the gastrocnemius should be 1.6 times 
the former value. This golden ratio correlated to 
the golden section of 1:1.618 as defi ned by the 
Italian mathematician Bonacci or what German 
astronomer and physicist Johannes Kepler called 
the “divine proportion” (Fig.  8.1 ) [ 3 ].

   Szalay [ 4 ], based on his 12 years of experience 
with calf augmentation, also helped to defi ne the 
aesthetics of the calf by determining that the 
attractive range for female calf circumference is 
between 33 and 36 cm. Values outside this range 
were considered aesthetically unattractive [ 4 ,  5 ].  

    History of the Procedure 

 Over the course of the last 40 years since the 
introduction of calf augmentation for reconstruc-
tive purposes, there have been various surgeons 
that have proposed novel implant shapes and 
sizes along with varying locations for the place-
ment of the implants [ 3 – 13 ]. The implant most 
commonly used today is largely based on the sili-
cone gel implants of Glitzenstein [ 2 ]. However, 
Carlsen [ 14 ] was the fi rst to use calf implants 
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back in 1972. His initial implant was made out of 
Silastic foam. Glitzenstein, in 1979 [ 2 ], used calf 
implants for patients with atrophy of the leg and 
muscular aplasia. Unlike Carlsen, his implants 
were designed from silicone gel. In 1984, Szalay 
[ 4 ] introduced torpedo-shaped implants that were 
placed beneath the fascia. In his technique, how-
ever, he did recommend the use of relaxing inci-
sions in the fascia. Aiache in 1991 [ 13 ] introduced 
lenticular-shaped implants. In 2006, Gutstein [ 9 ] 
described a new silicone prosthesis that enhances 
the curved medial lower leg which he termed a 
“combined calf-tibial implant.” 

 The early pioneers of the procedure, Carlsen 
and Glitzenstein, introduced the implant into a 
subfascial plane. However, in 2003 Kalixto and 

Vergara [ 8 ] described a calf augmentation with 
placement of the implant in a submuscular 
pocket, between the gastrocnemius and soleus 
muscles. The dissection that they proposed was 
done far away from the union of the gastrocne-
mius muscles where there were no vessels or 
nerves that could be damaged. It was noted how-
ever that these patients had a more tedious dissec-
tion and prolonged recovery than the patients 
who had undergone subfascial implant placement 
as described in previous reports. The use of mus-
cle relaxants was paramount in these patients. 
The rationale for submuscular placement, accord-
ing to the authors, was that they were able to gain 
better camoufl aging of the implant. In 2004, 
Nunes described a method for calf augmentation 

a b

  Fig. 8.1    Golden ratio of calf aesthetics [ 6 ]       
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that placed the implant in a supraperiosteal plane 
associated with fasciotomies. Ultimately, it is at 
the surgeon’s discretion where to place the 
implant; however, based on anatomic studies it 
seems that the subfascial plane is a safe plane that 
allows for reproducible results with minimal risk 
of postoperative complications and signifi cantly 
less pain from the patient’s perspective [ 12 ]. It is 
for this reason that the authors favor a subfascial 
plane in the medial aspect of the calf.  

    Indications 

 Calf augmentation was originally designed to fi ll 
defects left following oncologic surgery, after 
trauma or infection, or due to genetic abnormali-
ties. There are many causes for unilateral or bilat-
eral calf deformities, and they include but are not 
limited to the following: (1) congenital hypoplasia 
due to agenesis of a calf muscle or adipose tissue 
reduction; (2) as a sequelae of clubfoot (talipes 
equinovarus), cerebral palsy, polio, and spina 
bifi da; (3) due to poliomyelitis or osteomyelitis; 
and (4) following fractures of the femur and as a 
result of burn contractures [ 2 ,  6 ,  7 ,  14 ]. While calf 
implants do not improve function of the affected 
extremity, patients are pleased with the improved 
aesthetic appearance of the leg after implantation. 

 Since its initial introduction, calf augmenta-
tion surgery has become a widely popular aes-
thetic procedure to help patients gain more 
shapely legs. Whether it is a body builder that is 
looking to “bulk up” the leg despite a vigorous 
exercise regimen or the average patient who 
wants a more shapely calf region, there are 
implants of various shapes and sizes to help add 
volume to a hypoplastic calf.  

    Contraindications 

 Contraindications    to the calf augmentation proce-
dure are few. The fi rst is unrealistic expectations on 
the part of the patient. The patient must be fully 
aware of the amount of augmentation that can be 
safely achieved. Patients that desire a more sub-
stantial augmentation may be  candidates for serial 
operations but must be prepared for this fact up 

front. Secondly, patients with severe medical con-
ditions that place the patient in a high ASA classi-
fi cation and at signifi cant surgical risk are not good 
candidates for elective calf augmentation surgery. 
The surgeon must always be cognizant of the 
patient’s circulation to the lower extremity. 
Compromised circulation in the postoperative 
period can be disastrous and cause limb loss. A 
patient who already has preexisting arterial or 
venous insuffi ciency may be at an increased risk of 
limb loss and may be a poor candidate for surgery.  

    Limitations 

 Some authors have noted that calf prostheses 
have the disadvantages of being unable to ade-
quately correct ankle deformities, having a risk 
of displacement, having a risk of capsular con-
tracture, and potentially having problems with 
extrusion. While the    authors do agree that calf 
augmentation does not correct ankle deformities, 
they feel that this can be addressed with judicious 
fat grafting to the ankle region via small stab inci-
sions at the medial and lateral malleoli.  

    Relevant Anatomy 

 As a result of anatomic studies [ 12 ] and operative 
dissections, the anatomy of the calf region is well 
understood. The calf is made up of two muscle 
groups: the gastrocnemius and the soleus 
(Fig.  8.2 ). The gastrocnemius has two heads and 
lies superfi cial to the deeper soleus muscle. The 
two heads of the gastrocnemius are connected to 
the condyles of the femur by strong tendons. The 
medial and larger head originates from a depres-
sion at the upper and back part of the medial con-
dyle and from the adjacent part of the femur. The 
lateral head arises from an impression on the side 
of the lateral condyle and from the posterior sur-
face of the femur immediately above the lateral 
part of the condyle. The fi bers of the two heads 
unite at an angle in the midline of the muscle in a 
tendinous raphe, which expands into a broad apo-
neurosis. The aponeurosis, gradually contracting, 
unites with the tendon of the soleus and forms the 
calcaneal tendon (Achilles tendon). In  performing 
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the dissection to attain a subfascial plane, the lat-
eral and medial cutaneous nerves, branches of the 
peroneal nerve and tibial nerve, respectively, are 
potentially encountered. These nerves provide 
sensory innervation to the skin (Fig.  8.3 ). The 
medial sural cutaneous nerve originates from the 
tibial nerve of the sciatic and descends between 
the two heads of the gastrocnemius. It can be 
identifi ed prior to diving    between the heads of the 
gastrocnemius in the upper midline calf region. 
The lateral sural cutaneous nerve supplies the skin 
on the posterior and lateral surfaces of the leg and 
travels in a subcutaneous plane alongside the 
small (short) saphenous vein, joining with the 
medial sural cutaneous nerve to form the sural 
nerve. Major arterial, venous, and nerve struc-
tures are deep within the calf and remain undis-
turbed during a routine calf augmentation 
procedure (Fig.  8.4 ). The subfascial plane in the 
medial calf region is relatively avascular, allow-
ing for creation of a relatively bloodless plane. 
Care must be taken to avoid injury to the short 
saphenous vein which lies deep to the investing 
fascia of the leg and superfi cial to the gastrocne-
mius in the midline posteriorly. This vein drains 
into the popliteal vein in the popliteal fossa.

         Consultation/Implant Selection 

 The consultation begins with a thorough medi-
cal history on the patient. Special attention is 
taken to ask specifi cally about trauma to the 

extremity, history of surgery to the foot or 
ankle, history of vascular insuffi ciency which 
may put blood fl ow at risk, history of venous 
insuffi ciency or leg swelling which may pro-
long postoperative edema in the lower extrem-
ity, and any history of nerve damage or sensory 
defi cits as may be seen in patients with diabetes 
mellitus. At the time of consultation, the patient 
is asked what specifi cally about their calf both-
ers them. Preoperative goals are assessed at this 
point. A patient who has unrealistic expecta-
tions and is unable to comply with the strict 
postoperative instructions is deemed a poor 
candidate for augmentation. Patients who have 
congenital anomalies, a signifi cant size dispar-
ity between the two calves, or bilateral hypo-
plasia are informed that several surgeries may 
be required to attain symmetry and achieve the 
augmentation they desire. In the typical consul-
tation, patients are asked if their defi ciency lies 
primarily in the medial aspect of the calf, the 
lateral aspect of the calf, or whether they would 
like a larger calf size overall. The reason for this 
distinction is to help the surgeon plan the right 
implant style for surgery. 

 After completion of the history, the patient’s 
calves are evaluated. The symmetry of the two 
sides is assessed and any disparity is brought to 
the attention of the patient. Although the majority 
of patients present with a preexisting asymmetry 
of the calves, not many patients note the differ-
ence and this can be a source of medicolegal mat-
ters in the future. If the patient suffers from 

Gastrocnemius

Soleus

Achilles tendon

Calf
muscles

  Fig. 8.2    Major muscles of the 
calf region: gastrocnemius and 
soleus       
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  Fig. 8.3    The lateral and medial cutaneous nerve derma-
tomes are seen here. These are branches of the peroneal 
nerve and tibial nerve, respectively, and are potentially 

encountered in dissection for calf augmentation. These 
nerves provide sensory innervation to the skin in the area       
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clubfoot deformity or a previous bout of polio, 
leg asymmetry is noted. The physician then 
 evaluates the quality of the skin, subcutaneous 
tissue, and muscle. A person who has very thin 
tissues or signifi cant hypoplasia of the calf may 
not be able to adequately accommodate a large 
implant. The patient’s calves are measured in cir-
cumference at the midportion of the calf. A sec-
ond measurement, from the popliteal fossa 
(proposed incision line) to the insertion of the 
Achilles tendon, is also taken. Having this second 
measurement allows one to assess the maximum 
length of implant that can be accommodated in 
the calf. 

 When determining the type of implant to 
use, the determination is based on the desires 
of the patient. However, the authors also take 
into account the length from the popliteal fossa 
to the insertion of the Achilles tendon to better 
defi ne the length that will be accommodated. If 
the patient merely wishes to have more defi ni-

tion in the calf, then the style 2 implants will be 
used in most cases. With the style 2 calf implant, 
there is a greater enhancement of the medial 
calf muscle (Fig.  8.5 ). If, however, the patient 
wishes to have more overall volume to the calf 
region and is looking for more of a blocklike 
appearance to the calf, then the style 1 implant is 
favored (Fig.  8.5 ). With the style 1 implant, there 
is a greater enhancement of the entire calf region, 
which in our practice is best suited for patients 
who already have a great deal of muscle volume 
(e.g., body builders) and just want an overall 
increase in volume. Style 3 is used for lateral 
head augmentation and is rarely used. Each of 
the different style implants has a range of sizes 
to fi t each patient need. Regardless of the implant 
chosen, the position of the implant is still in the 
subfascial plane and minimizes dissection around 
key neurovascular structures. With experience, 
the surgeon will be better able to determine the 
best implant for each patient.

Tibialis anterior M

Interosseous
membrane

Extensores longi digi-
torum et hallucis Mm.

Deep peroneal nerve
and anterior tibial

artery and vein

Perooei longus
and breois Mm.

Superficial peroneal
nerve

Fibula

Peroneal artery
and  vein

Gastrocnemitus M.

Lateral cutaneous
nerve

Small saphenous veint

Median cutaneous
nerve

Gastrocnemius M.

Tendo m. plantaris

Soleus M.

Tibial nerve

Posterior tibial vein
and artery

Flexor digitorum
longus M.

Tibia

Great saphenous veing
and saphenous nerve

  Fig. 8.4    Major neurovascular structures are seen in this cross section of the midportion of the calf. When performing 
a subfascial augmentation, these structures are relatively safe from injury       
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       Available Implants 

 Style 1 is the authors’ preference for bulky 
calf augmentation (Table  8.1 ). Style 2 is the 
authors’ preference for medial calf augmentation 
(Table  8.2 ). Style 3 is the authors’ preference for 
lateral calf augmentation (Table  8.3 ).

         Preoperative Planning and Marking 

 On the day of the surgery, the patient is met in the 
preoperative holding area. It is here that the 
patient’s consent is verifi ed and again risks, ben-
efi ts, and alternatives are reviewed with the 
patient. With the patient in the erect position, the 
proposed site of incision is marked, measuring 
approximately 5 cm. The site of incision should 
be in line with the patient’s natural crease in the 
popliteal fossa. To help accentuate this crease and 
make marking easier, the patient may be asked to 
hold on to a stationary object and fl ex at the knee. 

Once the site of the incision is marked, the site of 
the proposed implant is marked taking into 
account the patient’s anatomy and existing defi cit 
along with the desires of the patient (Fig.  8.6 ).

       Operative Technique 

    Medial Calf Augmentation 

 The surgery can be performed under general anes-
thesia or under simple local anesthesia; however, 
our preference is to use monitored anesthesia care 
with propofol and ketamine. Two grams of Ancef 
are administered prior to the incision for prophy-
laxis (if allergic to penicillin or cephalosporin, 
then intravenous (IV) clindamycin 300 mg is 
administered). The patient is repositioned in the 
prone position after administration of anesthe-
sia. The calves are then prepped with Betadine, 
and each calf is injected with a total of 50 mL 
of 1 % lidocaine with epinephrine in the area of 
proposed implant placement. The patient is then 
reprepped and draped in sterile fashion. A 5 cm 
incision is made in the popliteal fossa in line with 
preoperative markings (Fig.  8.7 ). Dissection is 
performed through the subcutaneous tissues using 
a combination of blunt dissection with gauze and 
a hemostat. Further dissection and hemostasis 
can be achieved with electrocautery (Fig.  8.8 ). 
Dissection is carried to the level of the popliteal 
fascia (Fig.  8.9 ). On reaching the fascia, a #15 
blade scalpel is used to make a transverse inci-
sion. This is extended with Metzenbaum scissors 
medially and laterally. At this point 2-0 Vicryl 
stay sutures are placed in each section of the 
fascia (Fig.  8.9 ). A subfascial plane, beginning 
beneath the popliteal fascia and extending into the 
deep investing fascia of the leg, is then dissected 
using blunt fi nger dissection and a spatula dissec-
tor, ensuring an adequate plane for the implant 
in the medial aspect of the calf (in line with pre-
operative markings/patient wishes) (Fig.  8.10 ). 
While performing this dissection, care is taken 
to avoid injury to the short saphenous vein which 
runs in the midline posteriorly and lies deep to 
the investing fascia of the leg along the surface 
of the gastrocnemius. Once a suffi cient pocket 

Front

a

b

Side End

Front Side End

  Fig. 8.5    ( a ) Calf implant style 2 (Courtesy of AART 
(Aesthetic and Reconstructive Technologies, Inc., Reno, 
NV)). ( b ) Calf implant style 1 (Courtesy of AART (Aesthetic 
and Reconstructive Technologies, Inc., Reno, NV))       
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is dissected, the pocket is irrigated with a solu-
tion containing normal saline, Betadine, Ancef, 
and gentamicin. Fifteen milliliters of 0.5 % 
Marcaine is injected into the pocket for post-
operative analgesia. A lozenge-shaped implant 
is then placed into the pocket, making sure to 
attain symmetry (Fig.  8.11 ). Once the implant has 
been placed, symmetry is assessed. At this point 
closure is begun. The fascia is re- approximated 
with 2-0 Monocryl suture in interrupted fashion 
(Fig.  8.12 ). The deep dermis is re-approximated 
with 3-0 Monocryl suture in buried fashion. The 
skin is closed in subcuticular fashion with 4-0 
Vicryl suture or with interrupted 4-0 silk sutures 
(based on surgeon preference). The same proce-
dure is mirrored on the  contralateral side. The 

legs are wrapped with Coban and the patient is 
then taken to the postanesthesia care unit (PACU).

            Lateral Calf Augmentation 

 If the patient is in need of lateral calf augmenta-
tion, the same incision in the popliteal fossa may 
be used to augment the lateral calf. In this case, 
dissection is carried out below the popliteal/deep 
investing fascia of the leg over the lateral head 
of the gastrocnemius muscle. Incision is made 
in the same manner as described above and can 
be carried further lateral in the popliteal fossa to 
facilitate implant placement in the lateral calf. 
Subcutaneous dissection is carried out down to 
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the level of the deep fascia of the leg. An inci-
sion is made in the fascia and extended with 
Metzenbaum scissors. Stay sutures are placed in 
this fascia (Fig.  8.13 ). Dissection is performed 
in the subfascial plane with a combination of 
blunt fi nger dissection and a spatula-type dis-
sector as described for medial calf augmentation 
(Fig.  8.14 ). The fi bula is used as the medial extent 
of dissection, and as in the medial calf augmenta-
tion, dissection is carried caudally until resistance 
is met at the insertions of the deep investing fascia 
near the level of the ankle (Fig.  8.14 ). Just as with 
medial augmentation, the implant is positioned 
and closure is performed in layers (Fig.  8.15 ).

          Postoperative Care Instructions 

 Postoperatively the patient may begin ambulating 
starting on the evening of the procedure. They may 
shower on the second postoperative day, making 
sure to keep dressings clean and dry the Robbins 
tape with a hair dryer on a  low-heat  setting. 

Patients are allowed to begin light activity at 
week 2 and full unrestricted activity at weeks 4–6. 
Patients are asked to wear compression stockings 
with a grading of 20–30 mmHg for 4 weeks post-
operatively to prevent dead space, thereby helping 
to reduce the risk of seroma formation. The legs 
are to be elevated as much as possible to allow 
for better lymphatic/venous drainage. Patients are 
prescribed both narcotic analgesics and muscle 
relaxants (diazepam 5 mg every 8 h as needed for 
spasm) to assist with postoperative pain.  

    Complications 

 In performing calf augmentation, there is a host 
of complications that can arise (Table  8.4 ).

      Infection 

 Infection, either superfi cial or deep, is a possibil-
ity in calf augmentation surgery. The literature 
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reports infection rates between 0    [ 8 ] and 3.3 % 
[ 6 ]. Species identifi ed in the authors’ experiences 
were isolated to  Staphylococcus aureus  and 
 Staphylococcus   epidermidis , relatively common 
skin fl ora. Prior to making an incision, standard 
practice should be the administration of 2 g of 
intravenous (IV) Ancef (or 300 mg IV clindamy-
cin in a penicillin- or cephalosporin-allergic 
patient). During the procedure, irrigation of the 

pocket with a standard antibiotic solution con-
taining normal saline, Betadine, Ancef, and gen-
tamicin should be performed. Postoperatively, a 
7–10-day regimen of oral antibiotics covering 
normal skin fl ora should be administered. If a 
deep infection occurs, the standard practice is 
removal of the implant, closure, and possible 
reimplantation in 3–6 months. There are reports 
in other forms of implant surgery that conserva-
tive management and implant salvage are 

a b c

  Fig. 8.6    ( a – c ) Preoperative markings for calf augmenta-
tion surgery. Note the site of the incision in the popliteal 
fossa and the outline of the site for calf augmentation. The 

markings for implant position are done in concert with the 
patient to maximize patient satisfaction postoperatively       

  Fig. 8.7    Incision at the popliteal fossa       

  Fig. 8.8    Dissection through the subcutaneous tissues 
using electrocautery. Single-tooth hooks are used for 
retraction of the skin       
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 possible. This should be left at the discretion of 
the surgeon and performed with careful counsel-
ing of the patient.  

    Seroma 

 Seromas are statistically the most common com-
plication occurring in calf augmentation surgery, 
occurring in approximately 6 % of cases in most 
large volume studies [ 4 ,  12 ,  15 ,  16 ]. They typi-
cally present as new-onset pain, swelling, or 
asymmetry. The treatment of choice remains per-
cutaneous aspiration. This complication is best 
prevented with patient compliance with compres-
sion stockings and proper implant placement at 
the time of surgery, thereby minimizing dead 
space.  

    Hematoma 

 Although this is a rare occurrence due to the rela-
tively avascular plane of dissection for the calf 
augmentation procedure, a hematoma is always 
possible if damage is done to the vessels that per-
forate    the investing fascia of the leg [ 12 ]. In the 

event of a hematoma, rapid evacuation, pocket 
irrigation, and reimplantation are the mainstays 
of therapy. This complication is best prevented 
by meticulous hemostasis at the time of surgery 
and good compression of the calf post-op to pre-
vent potential space creation. 

 Old blood that has not been well absorbed by 
the body can be found at later dissection as a 
course granular material resembling fi ne gravel. 
A patient returned to the authors’ practice 
16 years after initial augmentation complaining 
of nodularity in the calves. He wished to have the 
calf implants out as they were too bulky for their 
present age. On return to the OR, the implants 
were removed and fi ne calcifi c material was 
found which explained the previously described 
nodularity (Fig.  8.16 ). Final pathology demon-
strated signifi cant calcifi cations and no evidence 
of malignancy.

       Asymmetry 

 This can occur as a product of preexisting vari-
ability in the patient’s legs or variability in dis-
section of the pocket bilaterally. This is best 
minimized by good preoperative photography 

a b

  Fig. 8.9    ( a ) Deep investing fascia of the leg (glistening). 
( b ) Incision has been made through the investing fascia 
with stay sutures being placed in the superior and inferior 
aspect of the cut fascia. The authors’ standard is to put one 

up and two down as the inferior portion of the fascia tends 
to retract, and secure fascial sutures are key to helping re- 
approximation at the end of the case       
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and noting any asymmetries preoperatively. To 
avoid creation of asymmetry, it is important to 
maintain the same pattern of dissection and 
pocket creation bilaterally. Patients, like those 
suffering from clubfoot, must be made aware of 
the fact that despite multiple surgeries, they may 
never achieve absolute symmetry in their legs 
(Fig.  8.17 ).

       Implant Visibility 

 Due to the subfascial placement of the implant, 
this is indeed a rare complication. However, those 
patients that have very thin and atrophic legs to 

begin with may suffer from implant palpability 
and visibility. Patients should be counseled on 
this fact preoperatively if there is a feeling that 
the patient could be at risk.  

    Scar Hyperpigmentation 
and Hypertrophy 

 In reviewing the primary author’s (NVC) two- 
decade history with the procedure, the most fre-
quent complication observed was hypertrophic or 
hyperpigmented scarring. This may be a function 
of the author’s patient population which is pri-
marily Hispanic and has a higher tendency to 

a

c

b

  Fig. 8.10    Dissection of the subfascial pocket. ( a ) After 
initial dissection of the pocket using blunt fi nger dissec-
tion, a spatula dissector is used to further dissect the 
pocket. ( b ) The dissector tip is noted in the midportion of 

the calf tenting up the skin overlying the subfascial 
pocket. ( c ) At completion of dissection, there is an ample 
pocket that has been created with the gastrocnemius mus-
cle seen below       
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a b

  Fig. 8.11    ( a ) The implant (style 2, size 2) being demonstrated in its position in the right medial calf. ( b ) Insertion of 
the prosthesis into the subfascial pocket taking care to fold the implant along its long axis to facilitate positioning       

a b

  Fig. 8.12    ( a ) Closure of the deep investing fascia of the leg using 2-0 Vicryl suture. ( b ) To facilitate closure and take 
tension off of the ends of the fascia, the knee is fl exed by the assistant       

a b

  Fig. 8.13    ( a ) Incision has been made in the deep invest-
ing fascia showing the lateral head of the gastrocnemius 

muscle (9 o’clock). ( b ) Stay suture being placed in the 
fascia       
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form hypertrophic and/or hyperpigmented scars. 
The key to reduction of these problems is careful 
layered closure.  

    Capsular Contracture 

 This is a possible late sequelae of any implant 
placement, most frequently described in the 
breast augmentation literature. The literature in 
calf augmentation has described a rate between 0 
[ 3 – 5 ,  11 ] and 5 % [ 6 ]. In the event that a patient 
presents with signs/symptoms of capsular con-
tracture (e.g., induration of the implant site, 
tightness in the leg, new-onset pain, new-onset 
swelling), ultrasound or CT evaluation of the 

affected extremity is warranted. If a capsule is 
identifi ed, typically characterized by calcifi ca-
tions, then a partial or complete capsulectomy 
is warranted. An alternative might be to perform 
capsulotomies as the removal of the capsule may 
be quite diffi cult in the confi ned space of the calf.  

    Wound Dehiscence 

 Wound dehiscence is a product of poor wound 
closure under too much tension typically. In 
addition patients who do not comply with lim-
ited activity restrictions can be at increased 
risk of wound dehiscence. In order to prevent 
dehiscence, meticulous closure in three layers 

a b

c
d

  Fig. 8.14    Dissection of the subfascial pocket. ( a ) 
Dissection begins with blunt fi nger dissection. ( b ) 
Dissection is taken lateral to the shaft of the fi bula (marked 
with tip of forceps). ( c ) Further dissection of the implant 

pocket is carried out with spatula dissector. ( d ) 
Demonstration of the completed subfascial pocket with 
the glistening lateral head of the gastrocnemius 
visualized       
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is paramount: fascia, deep dermis, and skin. 
While closing the fascia, the knee is fl exed so 
as to bring about a good approximation of the 
fascia. Patient compliance with minimal activ-
ity in the fi rst 2 weeks and light activity until 
the end of the fi rst month is key. Even in the 
best-planned cases, dehiscence can occur and 
is typically found in the medial-most aspect of 
the incision due to the signifi cant tension at this 
position (Fig.  8.18 ).

       Nerve Injury 

 Due to the avascular and relatively structure-
free dissection performed in the vast majority of 
cases, permanent nerve injury is rarely a prob-
lem. It is quite common for patients to complain 
of some numbness over the area of the popli-
teal fossa postoperatively; however, this returns 
within 1–3 months postoperatively. Major 
motor and sensory defi cits can  accompany 

a

c

b

  Fig. 8.15    The implant for lateral calf augmentation can 
be inverted if needed to give greater volume in the lower 
pole of the calf as in this patient who suffered from club-
foot deformity. ( a ) Natural position of the implant with 
bulk at the top tapering to a smaller point inferiorly. ( b ) 

Inverted position of the lateral calf implant (common for 
clubfoot patients who wish to achieve greater volume 
inferiorly in the leg region)   . ( c ) Insertion of the lateral calf 
implant       
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   compartment syndrome, and this must be ruled 
out immediately if any signifi cant defi cits are 
appreciated.  

    Compartment Pressure Problems/
Compartment Syndrome 

 Compartment syndromes, typically seen in 
trauma, involve an acute increase in pressure 
inside a closed space, thereby impairing blood 
fl ow to the affected space and potentially putting 
the limb at risk for loss. Clinical signs of com-
partment syndrome include the 6 Ps: pain, poi-
kilothermia, pallor, paresthesias, paralysis, and 
pulselessness. In conscious patients, pain out 
of proportion to examination is the prominent 

symptom. Pain with passive range of motion is 
particularly troubling. Paresthesias may also 
be described. In the lower extremity, numbness 

   Table 8.4    Potential complications of calf augmentation   

 Potential complications of calf augmentation surgery 

 Infection 
 Seroma 
 Hematoma 
 Asymmetry 
 Implant visibility 
 Hypertrophic scarring 
 Hyperpigmentation of the scar 
 Capsular contracture 
 Wound dehiscence 
 Nerve injury (permanent or temporary, motor or 
sensory) 
 Compartment syndrome 

  Fig. 8.16    Coarse granular material in a patient’s calf 
region at time of implant removal 16 years after initial 
augmentation. The fi nal pathology demonstrated signifi -
cant calcifi cations but no malignancy       

  Fig. 8.17    This is a patient who suffers from left clubfoot 
deformity. He is athletic and wishes to have a more sym-
metric body. Despite a previous calf augmentation to the 
medial aspect of his left leg, he wishes to have further 
volume adjustment and is shown just prior to left lateral 
calf augmentation to achieve better symmetry. Even with 
the left lateral augmentation, there can never be a guaran-
tee of achieving absolute symmetry       

  Fig. 8.18    Patient shown 2 weeks postoperatively with 
dehiscence of bilateral medial aspects of the popliteal 
incision and near complete dehiscence of the right calf 
incision. The patient later admitted to being more active in 
the fi rst 2 weeks post-op than previously instructed, pos-
sibly resulting in his dehiscence       
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between the fi rst and second toes due to compres-
sion of the deep peroneal nerve in the anterior 
compartment is the hallmark of early compart-
ment syndrome. Progression to paralysis can 
occur, and loss of pulses is a late sign. By the time 
pulselessness has occurred, it may be too late for 
limb salvage. In patients with a compatible his-
tory and a tense extremity, clinical diagnosis may 
be suffi cient. If the diagnosis is in doubt, compart-
ment pressures may be measured with a handheld 
Stryker device. An absolute pressure greater than 
30 mmHg in any compartment, a pressure within 
30 mmHg of the diastolic blood pressure in hypo-
tensive patients, and a patient with a concerning 
history who demonstrates the constellation of 
signs and symptoms of compartment syndrome 
are all possible indications for surgical compart-
ment release  via  fasciotomy [ 17 ]. 

 In the case of calf augmentation, the cause of 
compartment syndrome is typically due to plac-
ing too large an implant in too small a space, 
thereby increasing the compartment pressure and 
causing arterial insuffi ciency or venous outfl ow 
compromise. However, due to the fact that the 

patient is post-op, there is an implant in place and 
postoperative edema is present. Therefore, diag-
nosis may be problematic. In an affected com-
partment, accurate pressure readings may be 
diffi cult to obtain and may be inaccurate due to 
the patient’s postoperative state. Clinical assess-
ment and clinical diagnosis is the mainstay in 
compartment syndrome in the postoperative calf 
patient. Patients who are suspected of having 
compartment syndrome should have serial neuro-
vascular checks, and any worsening of the 
patient’s examination warrants surgical interven-
tion. A patient who is clinically stable, has evi-
dence of decreased pain or clinical improvement, 
and is cooperative may be a candidate for further 
close observation and neurovascular monitoring 
rather than immediate surgical intervention [ 18 ]. 

 Both of the following cases occurred in 
patients who had augmentation for leg asymme-
try due to clubfoot deformity. These cases point 
to the fact that it is the job of the physician to take 
special care in these types of complex cases and 
be ever aware of the potential for compartment 
syndrome. 

 Case 1 

  Near-Compartment Syndrome 

with Dehiscence and Resolution  

 This 36-year-old male patient underwent an 
uneventful calf augmentation of the left leg 
for clubfoot deformity. A style 2, size 2 AART 
implant measuring 126 mL was placed in a 
subfascial plane without diffi culty. Four days 
postoperatively, the patient presented with 
pain in his calf that had been quite severe for 
the past days until he noted minor serosan-
guineous drainage. On physical examination, 
he demonstrated a dusky appearance to the 
skin over the medial calf and dorsal aspect of 
the foot. He had an intact dorsalis pedis pulse, 
sensation was intact, and motor function was 
grossly intact. Serosanguineous drainage from 
his calf incision with compression of the leg 
and a slight dehiscence of the wound were 

noted. There was indeed pain on palpation 
over the entirety of the calf. He was promptly 
admitted to the hospital for admission and 
urgent ultrasound to evaluate for any collec-
tions or DVT. No collections or DVT were 
noted. The patient had regular neurovascular 
checks to follow progression of the suspected 
compartment syndrome. Likely due to 
the decrease in pressure resulting from wound 
dehiscence at the level of the fascia (as evi-
denced by the rush of serosanguineous fl uid), 
the patient was able to avoid a full-blown 
compartment syndrome. Three days later the 
patient was discharged with resolution of his 
pain, a strongly palpable dorsalis pedis pulse, 
and good motor function in the lower extrem-
ity. He had no further sequelae and is now 
2 years postoperative. 

 Complications
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 Case 2 (Fig.  8.19 ) 
  Near-Compartment Syndrome 

a1 a2 b1 b2

c e fd

g h

  Fig. 8.19    ( a ) A preoperative 25-year-old male. ( b ) 
One day postoperatively, the patient is noted to have 
minimal bruising with a duskiness to the skin over the 
medial calf. The remainder of the leg is unaffected. ( c ) 
Two days postoperatively, the patient is shown to have 
more notable swelling with bruising and blistering over 
the medial aspect of his left leg. The leg has been 
painted with Betadine to help in the management of the 
blisters (drying them out). ( d ) Ten days postoperatively, 
the patient is shown with improved appearance to the 
leg with decreased swelling and blistering. ( e ) Two 
weeks after his surgery with necrosis over the site of the 

incision and scabbing over of the blisters. ( f ) 2.5 months 
after his initial surgery with signifi cant contracture of 
his popliteal wound and healing of the skin in the areas 
that had previously blistered. ( g ) 3.5 months after his 
initial surgery with the scab in the popliteal fossa fallen 
off and continued contracture of the wound occurring. 
He still has no hair over the medial calf but coloration is 
continuing to improve. ( h ) The patient’s medial calf 
4 months after his initial surgery with granulation of the 
necrotic popliteal fossa and minor residual erythema of 
the leg in areas that have healed after blistering       
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   This 25-year-old male presented with 
clubfoot deformity of his left leg which he 
had battled with since childhood. After con-
sultation and implant selection, he had an 
uneventful left calf augmentation for clubfoot 
deformity. A style 2, size 2 AART implant, 
measuring 126 mL, was placed in a subfascial 
plane without complication. One day post-
operatively, the patient presented with a foot 
that appeared dusky in color. His compression 
wrap was undone with return of color to the 
foot. His pain was not out of proportion to 
examination and the patient was ambulating 
on his operated leg. He had a strongly palpable 
pulse. His motor and sensory functions were 
intact except for a small area of numbness just 
below the site of the incision in the popliteal 
fossa. His foot was noted to be warm to touch. 
He was sent home with plans for follow-up 
on the next day, attributing his pale foot to a 
tight compression wrap postoperatively. He 
returned the following morning to the offi ce 
with blisters over his leg and erythema of the 
calf region. Due to the fact that the patient 
desperately wanted to keep the implant if at all 
possible and did not have medical insurance, it 
was agreed in discussion with the patient and 
his mother that we would continue with close 
follow-up of the leg on a day-to- day basis. 
Any worsening of the condition would require 
prompt removal of the implant secondary to 
possible compartment syndrome. The patient 
was seen on a daily basis for wound assess-
ment, pulse checks, evaluation of range of 
motion, and evaluation of sensation. The blis-
tered areas were left intact and the calf was 
dressed with antibiotic ointment, as if treating 
any other pressure or burn wound. To mini-
mize the risk of any additional pressure on the 
calf, the patient’s compression garment was 
left off during the healing process. By postop-
erative day 10, the patient was much improved 
in the overall appearance of his leg and was 
ambulating and pain was minimal. He was 
cleared at this point to return home with plans 
for communication through email/phone. The 

patient did experience minor necrosis below 
the level of the popliteal fossa but had a full 
healing of the remainder of the skin overlying 
the calf. At no point in time did he ever have 
a complete loss of motor or distal sensory 
function. The foot was consistently warm and 
pulses were never lost. The patient was ambu-
lating and even able to jog for short distances 
at 1 month post-op and continues to improve. 
The area of necrosis did granulate and heal by 
secondary intention without requirement of 
any further intervention by the fourth month 
postoperative. Once the scar has contracted, 
discussions will be had regarding scar revision 
to the affected area. 

 This case of near-compartment syndrome 
and its management may be criticized by 
some since there was not an immediate return 
to the operating room (OR) for implant 
removal. An open discussion was had with the 
patient and his mother regarding a return to 
the OR; however, since the patient had long 
wanted a corrective surgery for improvement 
of the aesthetics of his calf, he was willing to 
forego a trip to the operating room in the hope 
that his leg would slowly accommodate the 
increased volume. It was made clear that 
should any worsening of the patient’s condi-
tion occur, we would be forced to immediately 
return to the OR for implant removal and limb 
salvage. This case clearly demonstrates the 
importance of a strong physician/patient rela-
tionship. To the patient’s credit and to his 
mother’s credit, they were consistently com-
municating with the physicians involved and 
took excellent care of the wounds in the post-
operative period, allowing for good healing of 
the blisters and the popliteal fossa wound. 
While watchful waiting and close observation 
may be frustrating at times for both patient 
and surgeon, it is an option for those who wish 
to keep their implants in the face of a near- 
compartment syndrome. If there is deteriora-
tion of the patient or extremity at any point in 
time, a prompt return to the OR for implant 
removal is critical. 

 Complications
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        Special Cases 

    Reconstruction of the 
Hypoplastic Leg 

 In patients who have been affl icted with clubfoot, 
polio, or trauma, there is at times a noticeable 
discrepancy in the size of the lower extremities. 
For those patients wishing to achieve symmetry, 
a calf implant may be an ideal way to do so. 
However, that being said, a single augmentation 
may be insuffi cient to achieve symmetry. 

 Carlsen [ 15 ,  16 ], knowing this full well, 
designed a custom expander to slowly expand 
the calf region without having to subject the 
patient to multiple operations and risk possible 
issues of skin slough and excessively elevated 
compartment pressures. The expander designed 
had the following dimensions: 22 cm in length 
and 8 cm in width at the upper pole and 6 cm in 
the lower pole. This expander, which was fi lled 
with saline, was placed identically to the typical 
silicone calf implant and had a loop at the distal 
aspect which held a needle. Once the implant 
was well seated at the lower pole, near the mal-
leolus, the needle was pushed through the skin 
and the implant was positioned as needed. The 
stitch was then cut at the skin level with the 
implant in position and an expander port was 
placed subcutaneously behind the knee. With 

this in place, Carlsen performed expansion every 
7–10 days. At times, the expansion process could 
take 3–4 months, particularly in those patients 
with signifi cant size discrepancies. Once the 
lower leg was overexpanded by 1 cm, Carlsen 
would remove the expander and place a solid 
silicone prosthesis. 

 While the idea of an expander makes sense, 
many patients are unwilling to go through a pro-
longed expansion period. In contrast, it has been 
the author’s standard practice to place a smaller 
silicone prosthesis into position as per the tech-
nique described previously. Then 6 months later, 
after having stretched out the proposed implant 
pocket, a second procedure can be performed 
with either a larger standard implant or a custom-
made implant. Regardless of the second opera-
tion performed, the patient is able to enjoy a 
fairly normal lifestyle free of return doctor visits 
for expansion and the possible discomfort associ-
ated with a port near the popliteal fossa. Although 
this method does require close attention in the 
postoperative period on the part of the patient and 
physician, it has been the author’s experience that 
patients are much more content with the idea of 
this approach than the concept of slow expansion 
over time (Fig.  8.24 ). The following cases are 
examples of patients treated for hypoplastic legs.  
Staged operations are always discussed as a pos-
sibility but are not always required/desired. 
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 Case 3 (Fig.  8.20 ) 

    A 17-year-old male was diagnosed with 
spina bifi da occulta at birth. There was signifi -
cant nerve damage due to lipomyelomeningo-
cele which was removed at age 2 months. The 

patient and his mother wished to achieve 
greater symmetry between the left (hypoplas-
tic) side and right side. He underwent aug-
mentation of the left buttock (style 3, size 7) 
and left calf (style 2, size 1). 

b1 b2a1 a2

  Fig. 8.20    ( a ) Preoperative. ( b ) Postoperative       
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 Case 4 (Fig.  8.21 ) 

    A 56-year-old female had back surgery 
12 years prior to presenting to the primary 
author. She had suffered a prolonged recovery 

with  signifi cant disability, leaving her right leg 
smaller than her left. She presented for augmen-
tation of the affected limb with a style 2, size 1 
implant to bring about greater symmetry. 

a1 a2 a3

b1 b2 b3

  Fig. 8.21    ( a ) Preoperative. ( b ) Postoperative       
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 Case 5 (Fig.  8.22 ) 

    A 38-year-old female suffered a trauma to 
her right leg as a child. She underwent many 
operations on the affected limb and developed 
a signifi cant asymmetry. After presenting for 

consultation, she underwent medial calf aug-
mentation with a style 2, size 1 implant to 
bring about greater symmetry. She is shown 
preoperative and 4 months postoperative. 

a1 b1 b2a2

  Fig. 8.22    ( a ) Preoperative. ( b ) Four months postoperative       

 Case 6 (Fig.  8.23 ) 

    A 32-year-old female suffered from polio 
as a child and was bothered by the asymmetry 
in her legs. She presented for augmentation of 

her leg and received a style 2, size 1 implant to 
the left medial calf with improvement in sym-
metry. She is shown preoperative and 6 months 
postoperative. 

a1 a2 b1 b2

  Fig. 8.23    ( a ) Preoperative. ( b ) Six months postoperative       
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 Case 7 (Fig.  8.24 ) 

    A 30-year-old male was born with clubfoot 
deformity of the left leg. He presented for 
improved symmetry. He agreed to a staged 
procedure to bring about greater symmetry. 
First, he underwent augmentation of the 

medial calf with a style 2, size 2 implant. 
Eight months later, he underwent lateral calf 
augmentation with a style 3, size 1 implant. 
The next step will be either increasing the size 
of one of the implants or fat grafting to the 
lower leg, above the ankle. 

a1

b1

c1 c2 c3

b2 b3

a2 a3

  Fig. 8.24    ( a ) Preoperative. ( b ) Eight months postoperative. ( c ) One week after second surgery       
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           Calf Augmentation with Fat 
Grafting 

 Over the course of the development of the calf 
augmentation procedure, some physicians have 
begun to explore the use of fat grafting to correct 
hypoplastic calves [ 1 ,  19 ,  20 ]. The use of fat 
injection for augmentation was explored to elimi-
nate some of the common complications associ-
ated with implants: implant palpability, lack of 
correction of the ankle region, implant displace-
ment, and the possibility of capsular contracture. 
Erol et al’s [ 1 ] study of 2008 looked at 77 patients 
treated over a 10-year period with autologous fat 
and tissue cocktail injections, consisting of mini- 
micrografts of dermis, fascia, and fat. They noted 
a moderate improvement in 13 % of patients and 
a good improvement in 87 % of patients. Seventy- 
fi ve to 200 mL of fat or tissue cocktail was 
injected into each leg to achieve the results noted 
in their study. These injections were repeated two 
to four times at 3-month intervals as was deemed 
necessary by the investigating physician. 

 While Eros et al. [ 1 ] have used fat grafting 
for calf augmentation with some success in their 
patients, the authors’ results have been less than 
impressive. The largest complaint noted in the 
authors’ patients that were augmented with fat is 
that the overall augmentation is not to their sat-
isfaction or that the augmentation is asymmetric. 
These complaints are largely due to the variabil-
ity in    fat take and potential for fat cell death. In 
the hands of many cosmetic surgeons, the aver-
age patient can expect a fat take of 50–70 % 
 without the use of stem cells [ 21 – 24 ]. However, 
this is largely dependent on placement of the fat 
in a place that has a rich blood supply that can 
foster the growth of the fat cells. When grafting 
to the calf, the calf muscles are already largely 
hypoplastic and so there is a lack of a robust 
blood supply to support fat cell take, in our opin-
ion. While the authors’ results are based solely 
on fat grafting without the use of tissue cocktail, 
we do not routinely recommend fat grafting to 
the calf as the results are inconsistent and there 
is the potential need for serial injections. On 
occasion fat grafting was performed to the dis-
tal aspect of the leg to produce further  symmetry 

of the legs, particularly in clubfoot patients. 
But due to the minimal musculature and lack of 
robust blood supply, the grafting to this area is 
not reliable. However, the authors continue to 
look forward to further work in the realm of fat 
grafting to the calf and will continue to offer it to 
clubfoot patients in the hope of achieving greater 
leg symmetry.  

    Adjunct Procedures 

 Very commonly patients presenting for calf aug-
mentation will have evidence of lipohypertrophy 
of the knees and thighs. A liposuction of these 
areas can often help in producing more shapely 
legs that are further enhanced by the calf augmen-
tation procedure. These areas should be evaluated 
in each person presenting for calf augmentation.  

    Authors’ Personal Results [ 11 ] 

 In evaluating the authors’ most recent experiences 
with the technique from 2007 to 2011, it was 
found that there was an overall satisfaction rate 
of 92.1 % (186/202) (Table  8.5 ). Dissatisfaction 
was primarily due to hypertrophic scarring or an 
insuffi cient augmentation.

   Table 8.5    Summary data for calf augmentations 2007–
2011 [ 13 ]   

 Complication  Number 
 Percentage 
( n  = 202) 

 Infection  4  1.98 % 
 Seroma  13  6.43 % 
 Hematoma  1  0.49 % 
 Asymmetry  20  9.90 % 
 Hypertrophic/
hyperpigmented scar 

 30  14.9 % 

 Capsular contraction  0  0.00 % 
 Postoperative pain 8–10  19  9.40 % 
 Dehiscence  0  0.00 % 
 Satisfi ed  186  92.1 % 
 Unsatisfi ed  16  7.92 % 
 Compartment syndrome 
(near) 

 1  0.49 % 

 Permanent sensory or 
motor nerve damage 

 0  0.00 % 
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       Patient Cases  

 Case 8 (Fig.  8.25 ) 

    A 49-year-old male presented for calf augmentation with style 2, size 2 implants. The patient is 
shown preoperative and 1 month postoperative. 

a1

b1 b2 b3 b4

a2 a3 a4

  Fig. 8.25    ( a ) Preoperative. ( b ) One month postoperative       
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 Case 9 (Fig.  8.26 ) 

    A 44-year-old female underwent augmenta-
tion with style 2, size 2 implants and minor 
liposuction of the right knee to achieve a more 

aesthetic and symmetric appearance to the 
legs. She is shown preoperative and 2 months 
postoperative. 

a1

b1 b2 b3

a2 a3

  Fig. 8.26    ( a ) Preoperative. ( b ) Two months postoperative       
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 Case 10 (Fig.  8.27 ) 

    A 40-year-old female underwent calf augmentation with style 2, size 2 implants. The patient is 
shown preoperative and 2 months postoperative. 

a1

b1 b2 b3 b4

a2 a3 a4

  Fig. 8.27    ( a ) Preoperative. ( b ) Two months postoperative       
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 Case 11 (Fig.  8.28 ) 

    A 52-year-old female underwent calf aug-
mentation with style 2, size 2 implants. The 
patient is seen preoperative and 7 months 

 postoperative. Note the hyperpigmented scars 
which are typical of Latin patients and other 
higher Fitzpatrick skin types. 

a1 a2 b1 b2

  Fig. 8.28    ( a ) Preoperative. ( b ) Seven months postoperative       
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 Case 12 (Fig.  8.29 ) 

    A 28-year-old female underwent calf aug-
mentation with style 2, size 2 implants. The 
patient is shown preoperative and 1 week 

 postoperative. Bruising as noted is very typical 
for early calf augmentation patients. Swelling 
extending to the ankles is very common in this 
early postoperative phase. 

a1

b1 b2 b3 b4

a2 a3 a4

  Fig. 8.29    ( a ) Preoperative. ( b ) One week postoperative       

 

8 Calf Augmentation



223

 Case 13 (Fig.  8.30 ) 

    A 29-year-old female underwent calf augmentation with style 2, size 1 implants. The patient is 
shown preoperative and 6 months postoperative. 

a1 a2 a3 a4

b1 b2 b3 b4

  Fig. 8.30    ( a ) Preoperative. ( b ) Six months postoperative       
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 Case 14 (Fig.  8.31 ) 

    A 31-year-old male underwent calf augmentation with style 2, size 2 implants. The patient is 
shown preoperative and 5 months postoperative. 

a1 a2 b1 b2

  Fig. 8.31    ( a ) Preoperative. ( b ) Five months postoperative       

 Case 15 (Fig.  8.32 ) 

    A 33-year-old male desired to have a more 
pronounced bulky calf region and underwent 
augmentation with style 1, size 7 implants. 
These style 1 implants are well suited for men 

wanting a more “bulked out” appearance and 
patients who may be body builders and want 
an overall enlargement of the entire calf unit. 
He is shown preoperative and 1 month 
postoperative. 

b1 b2 b4b3

a1 a2 a4a3

  Fig. 8.32    ( a ) Preoperative. ( b ) One month postoperative       
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 Case 16 (Fig.  8.33 ) 

    A 46-year-old male suffered from bow legs 
and felt very self-conscious. He underwent 
medial calf augmentation with style 2, size 2 

implants. He is shown preoperative and 
3 months postoperative. 

b2b1

a1 a2

  Fig. 8.33    ( a ) Preoperative. ( b ) Three months postoperative       
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 Case 17 (Fig.  8.34 ) 

    A 32-year-old female underwent calf augmentation with style 2, size 2 implants. She is shown 
preoperative and 3 months postoperative. 

b1 b2 b3

a1 a2 a3

  Fig. 8.34    ( a ) Preoperative. ( b ) Three months postoperative       
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 Case 18 (Fig.  8.35 ) 

    A 34-year-old male underwent augmen-
tation with style 2, size 2 implants. He is 

shown  preoperative and 4 days postoperative. 
Bruising seen in the medial calf region is typi-
cal for this early phase in healing. 

a1 a2 a3

b1 b2 b3

  Fig. 8.35    ( a ) Preoperative. ( b ) Four days postoperative       
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               Conclusions 

 Calf augmentation with silicone implants is a 
procedure that can nicely enhance the phy-
sique in a reliable fashion. The overall satis-
faction rate is excellent as long as care is taken 
to ensure several things: choosing the right 
implant to meet the patient’s expectations, 
meticulous attention to dissection of the pocket 
to minimize implant migration, and layered 
closure to minimize hypertrophic scarring.     
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                     Introduction 

 Trauma, oncologic surgery, and congenital con-
ditions can alter the appearance of the shoulder 
girdle and produce noticeable asymmetries of the 
upper extremity. To that end, the author (NVC) 
designed a prosthesis to help in recontouring the 
deltoid region and help patients attain greater 
symmetry between the two arms. In addition, 
increased publicity given to sculpted physiques 
has driven many men in search of a more muscu-
lar appearance. Despite rigorous workout regi-
mens, some men are not able to gain the volume 
and defi nition that they desire in the deltoid 
region. For that patient, a deltoid implant may 
help in giving a more muscular appearance.  

    History of the Procedure 

 Orthopedic surgeons and plastic surgeons have 
long dealt with congenital anomalies of the 
shoulder and injuries to the brachial plexus that 
produce degeneration of the deltoid muscle and 
leave asymmetry between the two arms. Silicone 
prostheses have been used in these cases to help 
maintain the shape of the arm and achieve greater 
symmetry between affected and unaffected sides. 

 Of the known congenital anomalies of the 
shoulder girdle, Sprengel’s disease is the most 
discussed in the literature, despite its rare occur-
rence. It results in a congenitally high scapula 
due to inadequate caudal movement of the scap-
ula during development. Although there is no 

way to create absolute symmetry between an 
affected and an unaffected arm, the use of ortho-
pedic procedures such as the Green technique 
and Woodward technique to reattach the overly-
ing musculature and reposition the bone is the 
standard of care [ 1 ]. Some surgeons have even 
moved to using artifi cial silicone grafts to help 
bridge the gap to a good cosmetic outcome. Saray 
et al. [ 2 ] treated a patient with Sprengel defor-
mity in 2000 using a silicone calf implant, hoping 
to bring about a more cosmetically appealing 
result. As noted by Saray, the “orthopedic proce-
dures to correct Sprengel deformity are usually 
inconsistent and cosmetic results are far from sat-
isfactory.” To this end, he and his team set out to 
correct the patient’s “sagging look,” which was 
attributed to trapezius hypoplasia, with a calf 
implant. A 60 mL calf implant was then placed 
into a subcutaneous plane via a thyroidectomy- 
type incision in the neck. 

 In 2006, Hodgkinson described his work with 
deltoid reconstruction in patients that had deltoid 
degeneration following axillary nerve injury [ 3 ]. 
The axillary nerve in trauma victims is typically 
injured during a signifi cant stretch of the brachial 
plexus, with disruption of the nerve as it exits the 
quadrilateral space in the axilla. There have also 
been cases of iatrogenic axillary nerve injury 
associated with shoulder operations or fracture 
reduction [ 3 – 6 ]. The result of these traumatic or 
iatrogenic injuries is a fl attening of the natural 
convexity of the deltoid region and a weakening 
of the arm’s ability to abduct. Hodgkinson fash-
ioned custom implants for each patient based on 
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a moulage preparation of the unaffected deltoid 
region. This custom-made implant is then placed 
below the deltoid muscle to help bring symmetry 
to the two sides. 

 In 2011, the primary author (NVC) began his 
work in creating a custom deltoid implant for 
cosmetic augmentation of the lateral shoulder 
region. Although the work began on a patient 
with Sprengel’s deformity, subsequent patients 
merely had hypoplastic deltoid regions and 
wanted to add volume to achieve a more “bulked 
up” appearance. Using a technique similar to that 
employed by Hodgkinson for reconstruction of 
the deltoid region, the primary author places a 
custom-made Chugay deltoid implant beneath 
the deltoid muscle, onto the upper humerus. With 
this augmentation, patients can expect to see a 
horizontal increase in volume of approximately 
1 in. (2.54 cm) per side.  

    Indications 

 The primary indication for deltoid augmentation 
is correction of unilateral defects coming from 
trauma, oncologic surgery, and congenital anom-
alies. Congenital abnormalities of the skeleton, 
such as Sprengel’s deformity which results in one 
shoulder blade sitting higher than the other, can 
be treated by performing a unilateral deltoid aug-
mentation to bring greater symmetry to the body, 
particularly in the lateral aspect. Muscular dys-
trophies and traumatic injuries to the brachial 
plexus which result in hypotonia to muscles of 
one arm can similarly be treated with a unilateral 
deltoid implant to create a more symmetric 
appearance to the upper extremities. An alterna-
tive indication for the procedure may be for aug-
mentation of the deltoid region for purely 
aesthetic reasons.  

    Contraindications 

 A relative contraindication to the procedure is a 
history of keloid or signifi cant hypertrophic scar-
ring. The deltoid region, along with the pectoral 
and back regions, is known to have one of the 

highest occurrences of keloid and hypertrophic 
scarring [ 7 ]. In light of this fact, a person that is 
already prone to this condition may be a poor 
candidate for surgery as the risk is already high 
even without a known predisposition.  

    Limitations 

 Augmentation of the shoulder region does not 
improve function of the muscles of the upper 
extremity. Patients who present with conditions 
due to trauma or congenital abnormalities need to 
understand that the change will be purely cos-
metic and will have no improvement in mobility 
or function of the affected limb.  

    Relevant Anatomy 

 The deltoid muscle, or deltoideus, is a triangular- 
shaped muscle that is responsible for provid-
ing the rounded shape to the shoulder region 
(Fig.  9.1 ). Rather than being one solid muscle, 
the deltoid muscle is actually composed of three 
distinct muscles, as proven in anatomic and 

Deltoid

  Fig. 9.1    Deltoid muscle overlying shoulder girdle and 
adjacent muscles       
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 electromyographic studies (Fig.  9.2 ) [ 8 ]. A study 
of 30 shoulders revealed an average weight of 
191.9 g (range 84–366 g) in humans [ 9 ]. The 
deltoid is made up of three heads: anterior (cla-
vicular), lateral (middle, acromial), and posterior 
(spinal). The three heads all insert onto the del-
toid tuberosity of the humerus. The anterior and 
lateral heads originate on the clavicle, while the 
posterior head has its origin on the inferior mar-
gin of the spine of the scapula (acromion). While 
the anterior deltoid often works in synergy with 
the pectoral muscles in movements of horizon-
tal fl exion and medial rotation of the humerus, 
the lateral deltoid is dedicated to abduction of 
the humerus at the shoulder joint and the pos-
terior deltoid works in concert with the back 
muscles such as the teres major and rhomboids 
to perform horizontal extension and lateral rota-
tion of the humerus. The pectoralis major and 
the anterior deltoid muscle are closely related 
and only separated by a small chiasmatic space 
which allows for the passage of the cephalic 
vein, preventing the two muscle from being one 
continuous muscle mass [ 8 ]. The deltoid muscle 

is supplied by the posterior circumfl ex humeral 
artery, which arises from the axillary artery. This 
artery travels posteriorly with the axillary nerve 
through the quadrangular space of the axilla 
(Fig.  9.3 ). The three heads of the deltoid are 
innervated by the axillary nerve, which arises 
from the ventral rami of C5 and C6 cervical 
nerves (Fig.  9.4 ) [ 9 – 11 ]. Again, this nerve enters 
from the posterior aspect of the muscle from the 
axillary region and runs along the medial surface 
of the muscle. Many orthopedic surgeons rec-
ommend that the separation of the deltoid fi bers 
should occur no more than 4 cm from the tip of 
the acromion as injury to the axillary nerve is a 
possibility. This has been confi rmed in anatomic 
studies that identify the axillary nerve as being 
located about 4.6 cm from the tip of the acro-
mion (range 2–6 cm) (Fig.  9.5 ) [ 12 ]. Based on 
this and other research on the split lateral deltoid 
approach, it is safe to say that the safe zone for 
the dissection for placement of a deltoid implant 
is within 5 cm of the acromion, leaving an area 
of 5–9 cm below the acromion as a danger zone 
for potential axillary nerve injury [ 13 ].

The three deltoid heads

Anterior deltoid Medial deltoid Posterior deltoid

Front view Side view Rear view

a b c

  Fig. 9.2    Three heads of deltoid muscle       
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           Consultation/Implant Selection 

 A thorough history    and physical examination 
are paramount to preventing complications at 
the time of deltoid augmentation. During the 
consultation, patient’s expectations are man-
aged and assessment of the patient’s mental state 

is undertaken. It is made clear to the patient the 
expected augmentation that can be seen with 
the surgery and limitations of the procedure 
are also explained (Fig.  9.6 ). Risks of the pro-
cedure, particularly injury to the axillary nerve, 
are discussed. A person with a notably short del-
toid length is at greater danger of damaging the 

Desc. br. of
transverse cervical

Transverse scapular Acromial branch
of thoraco-acromial

Anterior
humeral

circumflex

Termination of
subscapular

  Fig. 9.3    Blood supply to the 
deltoid       

  Fig. 9.4    Axillary nerve distribution       
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 axillary nerve at a short distance from the upper 
border of the muscle [ 12 ].

   After completion of the history portion of 
the consultation, an evaluation of the patient’s 
 deltoid is made. Any asymmetries or defects 
are pointed out to the patient. The patient’s 
muscles are then evaluated. The patient is 
asked to demonstrate a full range of motion of 
the shoulder girdle and arm to assess for any 
preexisting nerve injury or palsy. The skin and 

fat content are similarly assessed at this time 
as a patient with minimal adipose and thin 
skin is more at risk for implant palpability. 
Measurements of the patient’s deltoids are then 
taken: (1) vertical height (length of the muscle) 
being measured from the level of the acromion 
to the suspected insertion over the humerus and 
(2) horizontal expanse of the deltoid (width of 
the muscle) as noted by palpation of muscle 
volume.  

SUPRASCAPULAR

SUPERIOR BRANCH
OF AXILLARY

INFERIOR BRANCH
OF AXILLARY

CUTANEOUS
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  Fig. 9.5    Anatomic dissection 
of the deltoid muscle and the 
axillary nerve at its superior 
border within 5–6 cm of the 
acromion       

ba

  Fig. 9.6    ( a ) The deltoid implant in its packaging prior to implantation. ( b ) Deltoid implant lying fl at on the table dem-
onstrating vertical height of approximately 1 inch       
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    Available Implants (Table  9.1 ) 

        Preoperative Planning and Marking 

 On the day of the surgery, the patient is met in the 
preoperative holding area. It is here that the 
patient’s consent is verifi ed and again risks, ben-
efi ts, and alternatives are reviewed with the 
patient. With the patient in the erect position, the 
proposed site of incision is marked, measuring 
approximately 5–7 cm. The site of incision 
should be in the upper arm, overlying the deltoid 
muscle and 2 cm below the palpated glenohu-
meral joint, but being careful to not place the 
incision too low as axillary nerve injury can be 
caused with a low lying split of the deltoid mus-
cle (Fig.  9.7 ). Once the site of the incision is 
marked, the site of the proposed implant is 
marked taking into account the patient’s anatomy 
and existing defi cit along with the desires of the 
patient.

       Operative Technique 

 The patient is brought back to the operative suite 
and placed in the supine position with the arms at 
the side, with 90 degrees of abduction. If the case 
is to be done under intravenous (IV) sedation, as is 
the authors’ preference, anesthesia is administered 
by the anesthesia provider. The patient’s arm and 
chest are prepped sterilely. Twenty milliliters of 
1 % lidocaine with epinephrine is injected directly 

into the substance of the deltoid muscle to achieve 
adequate analgesia. The site of the incision is 
identifi ed and incised with a #10 blade scalpel for 
a length of 5–7 cm. Dissection is carried through 
the subcutaneous tissues using blunt dissection 
with a piece of gauze and electrocautery until the 
fascia overlying the deltoid is reached (Fig.  9.8 ). 
Army–Navy retractors are used to expose the fas-
cia (Fig.  9.9 ). This is then incised with a #15 blade 
scalpel. Zero Vicryl stay sutures are placed in the 
fascial edges both superiorly and inferiorly. The 
deltoid muscle is identifi ed and split in line with 
its fi bers to prevent damage to the substance of the 
muscle (Fig.  9.10 ). This splitting of the fi bers is 
performed with a Kelly clamp. Dissection is car-
ried down to the level of the humerus. A submus-
cular plane is developed for implant placement. 
This is done with blunt fi nger dissection and a 
spatula dissector as needed (Fig.  9.11 ). Care is 
taken to create a tight pocket for implant place-
ment as an overly dissected pocket may lead to 
undesirable implant migration. Hemostasis is 
attained at this time, as needed, with electrocau-
tery. Once a suffi cient pocket has been created, 
the pocket is irrigated with a solution containing 
Ancef, gentamicin, Betadine, and normal saline. 
The irrigant is then aspirated. The pocket is then 
instilled with 10 mL of 0.5 % Marcaine for post-
operative pain control. A custom deltoid implant 
is then introduced into the pocket (Fig.  9.12 ). 
Position is verifi ed and aesthetics are evaluated. 
Closure is begun by reapproximating the deltoid 
muscle with 2–3 interrupted 0 Vicryl sutures to 
minimize the risk of implant extrusion (Fig.  9.13 ). 

Size

1

2

3

Catalog #

1100–01DEL 8.0

8.0

8.0

1100–01DEL

1100–01DEL

Width Length

10.0

10.0

10.0

Projection

2.0

3.0

4.0

Volume (cc)

116

115

161

   Table 9.1    Deltoid implants 
that are available       
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The previously placed stay sutures in the fascia 
are used as guides to reapproximate the deltoid 
fascia with 2-0 Vicryl suture. The deep dermis is 
then reapproximated in buried interrupted fashion 
with 3-0 Monocryl suture. The skin is closed in 
subcuticular manner with 3-0 Monoderm Quill 
suture or with interrupted silk suture (as per sur-
geon preference). If performing a bilateral deltoid 

augmentation, the same procedure is mirrored on 
the contralateral side. After closure is completed, 
all incisions are dressed with collodion and 
Robbins tape (Fig.  9.14 ). The arms are wrapped 
with Coban to minimize the risk of seroma or 
hematoma formation. Anesthesia is discontinued 
and the patient is taken to the postanesthesia care 
unit (PACU).

             Postoperative Care/Instructions 

 Postoperatively the patient may begin ambulating 
starting on the evening of the procedure. Patients 
may experience some diffi culty in abducting the 
operated arm as there is need for accommodation 
of the implant. This weakness will gradually 
resolve over the course of the ensuing weeks. 
Patients may shower the fi rst postoperative day, 
making sure to keep dressings clean and dry the 
Robbins tape with a hair dryer on a low-heat set-
ting. Patients are then allowed to begin light 
activity at week 2 and full unrestricted activity at 
weeks 4–6. All patients are asked to wear an ACE 
wrap around the deltoid region for 4 weeks post-
operatively to prevent dead space, thereby help-
ing to reduce the risk of seroma formation. If the 
patient is unable to use an ACE wrap effectively, 

a b

  Fig. 9.7    ( a ,  b ) Preoperative markings in patient undergoing bilateral deltoid augmentation       

  Fig. 9.8    Dissection through subcutaneous tissues using a 
combination of electrocautery and sharp dissection with 
scissors       
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a b

c d

  Fig. 9.9    ( a ) Deltoid fascia exposed. ( b ) Incision in deltoid fascia showing deltoid muscle. ( c ) Placement of stay sutures 
in deltoid fascia. ( d ) Placement of stay sutures in deltoid fascia       

a b

  Fig. 9.10    ( a ) Splitting of deltoid muscle in line with its fi bers. ( b ) Needle pointing to the lateral portion of the deltoid 
muscle just lateral to split in the middle of the deltoid       
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a sleeved elastic garment may be used to provide 
compression to the region. Patients are prescribed 
both narcotic analgesics along with muscle relax-
ants (diazepam 5 mg every 8 h as needed for 
spasm) to assist with postoperative pain and mus-
cle spasms. All patients are prescribed a week- 
long supply of ciprofl oxacin 500 mg bid. If a 
quinolone allergy exists, the patient is provided 
amoxicillin with clavulanic acid 500 mg bid for a 
7-day period.  

    Complications 

 In performing deltoid augmentation, there is a 
host of complications that can arise (Table  9.2 ).

      Infection 

 Infection, either superficial or deep, is a possi-
bility in deltoid augmentation surgery. The most 
likely culprits would be  Staphylococcus aureus  
and  Staphylococcus      epidermidis , relatively com-
mon skin flora. Prior to making an incision, 
standard practice should be the administration 
of 2 g of intravenous (IV) Ancef (or 300 mg IV 
clindamycin in a penicillin- or cephalosporin- 
allergic patient). During the procedure, irrigation 
of the pocket with a standard antibiotic solution 
containing normal saline, Betadine, Ancef, and 
gentamicin should be performed. Postoperatively, 
a 5–10-day regimen of oral antibiotics covering 
normal skin flora should be administered. If a deep 

a

c

b

  Fig. 9.11    ( a ) Dissection of subdeltoid pocket begun with fi nger dissection. ( b ) Spatula dissection of submuscular 
pocket. ( c ) Demonstration of submuscular pocket       
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infection occurs, the standard practice is removal 
of the implant, closure, and possible reimplanta-
tion in 3–6 months. There are reports in other 
forms of implant surgery that conservative man-
agement and implant salvage are possible. This 
should be left at the discretion of the surgeon and 
performed with careful counseling of the patient.  

    Seroma 

 Seromas are statistically the most common com-
plication occurring in implant surgeries. They 

typically present as new-onset pain, swelling, or 
asymmetry. The treatment of choice remains per-
cutaneous aspiration. This complication is best 
prevented with patient compliance with compres-
sion garments or the ACE wrap and proper 
implant placement at the time of surgery, thereby 
minimizing dead space.  

    Hematoma 

 A hematoma is always a possibility in this surgi-
cal procedure, where the body of the deltoid 

a b

c d

  Fig. 9.12    ( a ) Placement of deltoid implant. ( b ) Deltoid implant below muscle noted between fi bers of deltoid muscle. 
( c ) Deltoid implant in position. ( d ) Right deltoid augmented and left deltoid not augmented       
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implant is split in line with its fi bers on track to 
placement of the implant on the humerus. In the 
event of a hematoma, rapid evacuation, pocket 

irrigation, and reimplantation are the mainstays 
of therapy. This complication is best prevented 
by meticulous hemostasis at the time of surgery 
and good compression of the deltoid post-op to 
prevent potential space creation.  

    Asymmetry 

 This can occur as a product of preexisting vari-
ability in the patient’s arms or variability in 
 dissection of the pocket bilaterally. This is best 
minimized by good preoperative photography 
and noting any asymmetries preoperatively. To 
avoid creation of asymmetry, it is important to 
maintain the same pattern of dissection and 
pocket creation bilaterally.  

    Implant Visibility 

 Due to the submuscular placement of the implant, 
this is indeed a rare complication. However, those 
patients that have very thin and atrophic arms to 
begin with may suffer from implant palpability 
and visibility. Patients should be counseled on 
this fact preoperatively if there is a feeling that 
the patient could be at risk.  

a b

  Fig. 9.13    ( a ) Reapproximation of deltoid muscle over implant. ( b ) Reapproximation of deltoid muscle (close-up)       

  Fig. 9.14    Patient immediately post-bilateral augmentation       

   Table 9.2    Potential complications of deltoid augment-
ation   

 Potential complications of deltoid augmentation 
surgery 

 Infection 
 Seroma 
 Hematoma 
 Asymmetry 
 Implant visibility 
 Hypertrophic scarring 
 Hyperpigmentation of the scar 
 Capsular contracture 
 Wound dehiscence 
 Nerve injury (permanent or temporary, motor or 
sensory) 
 Compartment syndrome 
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    Scar Hyperpigmentation 
and Hypertrophy 

 The key to reduction of these problems is care-
ful layered closure. Patients with a history of 
keloid or hypertrophic scar formation may 
require the use of steroid injected at the site of 
incision. The deltoid region is well known to 
have a high risk of hypertrophic and keloid scar-
ring along with the central chest and back 
regions [ 7 ].  

    Capsular Contracture 

 This is a possible late sequela of any implant 
placement, most frequently described in the 
breast augmentation literature. In the event that a 
patient presents with signs/symptoms of capsular 
contracture (e.g., induration of the implant site, 
tightness in the arm, new-onset pain, new-onset 
swelling), ultrasound or CT evaluation of the 
affected extremity is warranted. If a capsule is 
identifi ed, typically characterized by calcifi ca-
tions, then a partial or complete capsulectomy is 
warranted. Capsular contracture is best prevented 
by meticulous hemostasis, good sterile technique, 
and avoidance of bleeding in the postoperative 
period. If it is noted early in the postoperative 
course, our standard therapy is zafi rlukast 
(Accolate) 20 mg daily for a period of 2–3 months. 
Zafi rlukast antagonizes leukotriene D4 and ER 
receptors. Although primarily used in the treat-
ment of asthma, it has been found useful in the 
treatment of capsules, particularly in breast aug-
mentation surgery [ 14 – 16 ]. Similarly, the authors 
fi nd it useful in treating early contractures and 
have found softening of the affected region after 
1–2 months of therapy, thereby avoiding the need 
for aggressive surgery to excise the capsule. 
Should the patient have a minimal or incomplete 
response to zafi rlukast, one can consider capsu-
lotomies. A capsulectomy in the area of a deltoid 
implant would be quite complex and could put 
major neurovascular structures at risk during the 

dissection and hence should be approached with 
caution.  

    Wound Dehiscence 

 Wound dehiscence is a product of poor wound 
closure under too much tension typically. In order 
to prevent this, meticulous closure in layers is 
paramount: deltoid muscle (reapproximation of 
the fi bers over the implant), fascia, deep dermis, 
and skin.  

    Nerve Injury 

 In performing a deltoid augmentation, one must 
always be cognizant of the anatomic location of 
the axillary nerve. In the fi eld of orthopedic sur-
gery, a split lateral deltoid approach to the shoul-
der is often used to address proximal humerus 
fractures and lesions of the rotator cuff. Iatrogenic 
axillary nerve injury is a well-described compli-
cation as the nerve typically lies only 5–6 cm infe-
rior to the tip of the acromion [ 5 ,  6 ]. Much like 
the technique for split lateral deltoid approach 
in shoulder surgery, deltoid augmentation seeks 
to split the deltoid muscle in line with its fi bers 
to gain access the proximal humerus. Care must 
be taken to anticipate the location of the axillary 
nerve prior to performing a deltoid augmentation 
procedure. Bailie [ 17 ] noted that the position of 
the axillary nerve did vary with the position of 
the arm (neutral vs. 90° abduction vs. 30° exten-
sion vs. 45° rotation.). This fact is important to 
notice as each surgeon may elect to position the 
patient differently for deltoid augmentation, and 
this could potentially bring the nerve closer into 
the surgical fi eld and place the nerve at increased 
risk of injury. Should the nerve be stretched or 
severed, an axillary palsy would result. A stretch-
ing injury (neuropraxia) will typically resolve 
within a period of 6–8 weeks. However, a com-
plete transection of the nerve will lead to a reduc-
tion in the ability to abduct the affected shoulder.  

9 Deltoid Augmentation
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    Compartment Pressure Problems/
Compartment Syndrome 

 Compartment syndromes, typically seen in 
trauma, involve an acute increase in pressure 
inside a closed space, thereby impairing blood 
fl ow to the affected space and potentially putting 
the limb at risk for loss. Clinical signs of com-
partment syndrome include the 6 Ps: pain, poiki-
lothermia, pallor, paresthesias, paralysis, and 
pulselessness. In conscious patients, pain out of 
proportion to examination is the prominent 
symptom. Pain with passive range of motion is 
particularly troubling. Compartment syndrome 
of the deltoid should be considered in the patient 
who presents with unexplained pain out of pro-
portion to the examination.   

    Authors’ Personal Experience 

 To date, the authors have performed ten deltoid 
augmentation procedures for correction of con-
genital defects, for the correction of defects 

 produced as a result of trauma, and to augment 
hypoplastic deltoids. No major complications 
were seen arising from deltoid augmentation. 
The most frequent complication noted in del-
toid augmentation is a hypertrophic scar sec-
ondary to the signifi cant amount of motion in 
the area of the shoulder. 90 % (9/10) of the 
patients operated on were satisfi ed with the pro-
cedure with only one patient complaining about 
scarring which was more than he would have 
expected. 

 The primary author (NVC) had his begin-
ning with deltoid augmentation when a patient 
with Sprengel’s deformity presented with com-
plaints of asymmetry of the right shoulder par-
ticularly in the area overlying the deltoid 
muscle. To help this patient, the author devised 
a custom deltoid implant to give greater promi-
nence to the deltoid muscle group. This initial 
case has since led to the treatment of patients 
who not only have unilateral deformities due to 
congenital anomalies and trauma but also to 
those who simply wish to have a more pro-
nounced deltoid region.  

    Patient Cases 

  Case 1 (Fig.  9.15 ) 

    A 28-year-old male presented with complaints 
of asymmetry of his arms secondary to 
Sprengel’s deformity. He wanted to look more 
symmetric when wearing clothing as none of 

his shirts fi t properly. He underwent right del-
toid augmentation with a size 1 deltoid 
implant. The patient is shown preoperative 
and 3 months postoperative.  

Patient Cases
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a1 a2

b1 b2

  Fig. 9.15    ( a ) Preoperative. ( b ) Postoperative of fi rst patient treated with custom deltoid implant to the right arm       
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  Case 2 (Fig.  9.16 ) 

    A 49-year-old male who is an avid participant 
in physical fi tness presented wanting to 
achieve further defi nition and size increase in 

the deltoid region. He underwent deltoid aug-
mentation bilaterally using size 1 deltoid 
implants. The patient is shown preoperative 
and 6 months postoperative.  

a1 a2 a3

b1 b2 b3

  Fig. 9.16    ( a ) Preoperative. ( b ) Postoperative       
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    Conclusions 

 A semisolid silicone implant can be used as a 
means of increasing volume to the lateral del-
toid region to correct defects left following 
oncologic procedures, as a result of congeni-
tal defects, or following trauma. The implant 
can also be successfully used to augment a 
hypoplastic muscle in patients that are not 
able to achieve the desired results with con-
ventional or even aggressive workout 
routines.     

   References 

    1.    Siu KK, Ko JY, Huang CC, Wang FS, Chen JM, 
Wong T. Woodward procedure improves shoulder 
function in Sprengel deformity. Chang Gung Med 
J. 2011;34(4):403–8.  

    2.    Saray A, Eskandari M, Oztuna V. Augmentation of 
shoulder contour using a calf implant. Aesthetic Plast 
Surg. 2000;24(5):386–8.  

     3.    Hodgkinson DJ. Contour restoration of the upper limb 
using solid silicone implants. Aesthetic Plast Surg. 
2006;30(1):53–8.  

   4.    Klepps S, Auerbach J, Calhon O, Lin J, Cleeman E, 
Flatow E. A cadaveric study on the anatomy of the 
deltoid insertion and its relationship to the deltopec-
toral approach to the proximal humerus. J Shoulder 
Elbow Surg. 2004;13(3):322–7.  

    5.    Hoppenfi eld S, deBoer P. Surgical exposures. In: 
Hoppenfi eld S, deBoer P, editors. Surgical expo-
sures in orthopaedics: the anatomic approach. 
Philadelphia: Lippincott, Williams and Wilkins; 
2003. p. 41–60.  

     6.    Perlmutter GS. Axillary nerve injury. Clin Orthop 
Relat Res. 1999;368:28–36.  

     7.    Lindsey WH, Davis PT. Facial keloids: a fi fteen year 
experience. Arch Otolaryngol Head Neck Surg. 
1997;123(4):397–400.  

     8.    Leijnse JNAL, Han SH, Kwon YH. Morphology of 
deltoid origin and end tendons – a generic model. 
J Anat. 2008;213(6):733–42.  

     9.    Potau JM, Bardina X, Ciurana N, Camprubí D, 
Pastor JF, de Paz F, Barbosa M. Quantitative 
analysis of the deltoid and rotator cuff muscles in 
humans and great apes. Int J Primatol. 2009;30(5):
697–708.  

  Case 3 (Fig.  9.17 ) 

    A 37-year-old male presented for deltoid aug-
mentation as he was unable to develop suf-
fi cient volume in his deltoid region despite 

an aggressive workout regimen. He under-
went deltoid augmentation with size 1 del-
toid implants and is shown preoperative and 
1 month postoperative.   

a1 a2 a3

b1 b2 b3

  Fig. 9.17    ( a ) Preoperative. ( b ) Postoperative       

 

9 Deltoid Augmentation



245

   10.    Gray H. Anatomy of the human body. Philadelphia: 
Lea & Febiger; 1918.  

    11.      Wheeless CR III. Deltoid muscle. In: Wheeless CR 
III, editor. Wheeless’ textbook of orthopaedics. Data 
Trace Internet Publishing, LLC; 2011.   http://www.
wheelesson.com/ortho/407    . Accessed 20 Sept 2013.  

     12.    Kontakis GM, Steriopoulos K, Damilakis J, 
Michalodimitrakis E. The position of the axillary 
nerve in the deltoid muscle: a cadaveric study. Acta 
Orthop Scand. 1999;70(1):9–11.  

    13.    Cheung S, Fitzpatrick M, Lee TQ. Effects of shoulder 
position on axillary nerve positions during the split 
lateral deltoid approach. J Shoulder Elbow Surg. 
2009;18(5):748–55.  

    14.    Bastos EM, Neto MS, Alves MT, Garcia EB, Santos 
RA, Heink T, Pereira JB, Ferreira LM. Histologic 

analysis of zafi rlukast’s effect on capsule formation 
around silicone implants. Aesthetic Plast Surg. 
2007;31(5):559–65.  

   15.    Moreira M, Fagundes DJ, de Jesus Simões M, de 
Oliveira MC, Dos Santos Previdelli IT, Moreira AC. 
Zafi rlukast pocket delivery impairs the capsule heal-
ing around textured implants in rats. Aesthetic Plast 
Surg. 2009;33(1):90–7.  

    16.    Schlesinger SL, Ellenbogen R, Desvigne M, Svehlak 
S, Heck R. Zafi rlukast (Accolate): a new treatment 
for capsular contracture. Aesthet Surg J. 2002;22(4):
329–36.  

    17.    Bailie DS, Moseley B, Lowe WR. Surgical anatomy 
of the posterior shoulder: effects of arm position and 
anterior-inferior capsular shift. J Shoulder Elbow 
Surg. 1999;8(4):307–13.      

References

http://www.wheelesson.com/ortho/407
http://www.wheelesson.com/ortho/407


247N.V. Chugay et al., Body Sculpting with Silicone Implants, 
DOI 10.1007/978-3-319-04957-1_10, © Springer International Publishing Switzerland 2014

                     Introduction 

    Solid silicone prostheses have been used in mul-
tiple areas of the body to give volume to an area 
that is devoid of substance either due to trauma or 
post-oncologic procedures and in those who suf-
fer from hypoplasia of a given muscle group due 
to congenital myodystrophies. In the past decade, 
it has been the experience in the author’s prac-
tice that patients are seeking for ways to bulk up 
further in muscle regions that may be unrespon-
sive to conventional exercise routines. Recently, 
patients with HIV or on highly active antiretro-
viral therapy (HAART) have presented to the 
author’s practice seeking bulk in areas that have 
been ravaged by muscle wasting. It was to that 
end that a custom silicone implant was devised 
for a patient to treat muscle wasting in the  anterior 
thigh, which he found particularly vexing. 

 To further expand the use of a quadriceps 
implant, one may consider its use in patients that 
are fi t but wish to further enhance the volume in the 
anterior compartment of the thigh. The quadriceps 
muscles make up the majority of the volume in the 
anterior thigh. A person that wishes to increase 
volume in the anterior thigh has to do more than 
just cardiovascular work but has to take time and 
focus in on building up the quadriceps muscles [ 1 ]. 
Many trainers and bodybuilding authors agree that 
an intensive bodybuilding routine is required to 
build muscle in the anterior thigh; for some, the 
intensity of this routine may be prohibitive in get-
ting a “bulked up” quadriceps region.  

    Indications 

 Quadriceps augmentation surgery is indicated in 
patients that have a defect in the anterior thigh 
region after trauma or post-oncologic procedures. 
It is also indicated for augmentation of the ante-
rior thigh due to muscle wasting. Finally, there 
may be a role for quadriceps augmentation in 
patients who persistently have hypoplasia of the 
anterior thigh and wish to have an enlarged thigh 
volume for cosmetic reasons.  

    Contraindications 

 Patients    with HIV or on immunosuppression 
therapy are at increased risk of infections. This 
must be considered in counseling patients for sur-
gery involving muscle implants. Furthermore, an 
HIV patient with a high viral load is likely not a 
good candidate as their systemic illness is not 
well controlled and may put them at risk for 
increased complications post-op.  

    Limitations 

 The current quadriceps implant does not alter the 
appearance of the vastus lateralis or medialis as it 
has not been developed to be that large in size and 
its augmentation scope is limited to the area 
immediately above the rectus femoris and vastus 
intermedius.  

  10      Quadriceps Augmentation 
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    Relevant Anatomy 

 The quadriceps femoris (Latin for “four-headed 
muscle of the femur”) is a large muscle group 
that includes the four prevailing muscles on the 
front of the thigh: rectus femoris, vastus latera-
lis, vastus intermedius, and vastus medialis 
(Fig.  10.1 ). These muscles act as the primary 
extensor muscles of the knee and form the vol-
ume of the anterior thigh region, overlying the 
femur. The quadriceps femoris is located in the 
anterior compartment of the thigh which is 
bounded by the inguinal ligament superiorly, the 
capsule of the knee inferiorly, the iliotibial tract 
laterally, and the femoral neurovascular bundle 
medially. The fascia overlying the muscles of the 
anterior compartment is divided into superfi cial 
and deep layers. The superfi cial fascia forms a 
continuous layer over the whole of the thigh. It 
consists of loose areolar tissue which is inter-
mingled with fat. Deep to this is the deep invest-
ing fascia of the thigh. The deep fascia of the 

thigh is commonly referred to as the fascia lata. 
Just like the superfi cial fascia, it varies in thick-
ness in different parts. It is thicker in the upper 
and lateral part of the thigh, where it receives a 
fi brous expansion from the gluteus maximus and 
where the tensor fasciae latae is inserted between 
its layers. It is very thin behind and at the upper 
and medial part of the thigh, where it covers the 
adductor muscles, and again becomes stronger 
around the knee. The anterior thigh is relatively 
free of neurovascular structures, with the major-
ity of structures being deep to the femur or local-
ized to the upper medial thigh (Fig.  10.2 ). The 
greater saphenous vein is transmitted through 
the superfi cial and deep layers of fascia at the 
fossa ovalis, located in the upper medial thigh. It 
is below the deep layer of fascia that the saphe-
nous vein joins the femoral vessels and saphe-
nous nerve (Fig.  10.3 ) [ 2 ]. With the proposed 
dissection for the anterior quadriceps augmenta-
tion, these structures are free from the risk of 
injury.

Tensor fasciae latae
muscle (whose name
means “tensor of
the wide band”
because its function
is to tense the
iliotibial band.) 

a b

Rectus femoris muscle
which is named as such
because it runs straight
up and down (rectus)
over the thigh (femoris)

Adductor longus muscle
(which adducts the thigh.
Its counterpart “adductor
brevis” also adducts the
thigh, but is shorter.

Vastus medialis

Vastus lateralis

Vastus intermedius
and rectus femoris

  Fig. 10.1    Muscles of the anterior thigh       
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         Consultation/Implant Selection 

 A thorough history and physical are paramount to 
preventing complications at the time of quadri-
ceps augmentation. For patients that do present 
with HIV or on HAART, further investigation 
regarding the state of their immunodefi ciency 
should be made. If available, the patient’s CD4 
count should be requested. An inquiry into any 
remote or recent infections is made. Questions 
are posed regarding the patient’s reasonable 

attempts to build the muscle with conventional 
means. If the patient is suffering from muscle 
wasting, then there should be an assessment of 
the reason for the wasting (e.g., muscular dystro-
phy, muscle wasting of HIV/HAART, inactivity, 
etc.). During the consultation, patient’s expecta-
tions are managed and assessment of the patient’s 
mental state is undertaken. It is made clear to 
the patient the expected augmentation that can be 
seen with augmentation and limitations of the 
procedure are also explained. 

Rectus femoris M.

Vastus intermedius
M.

Linea aspera

Femur
Deep femoral artery

and vein

Sartorius M.

Saphenous nerve

Femoral vein
and artery

Intermediate
cutaneous

nerve

Great saphenous
vein

Adductor
longus M.

Gracilis M.

Intermuscular
septum of

median femoral

Perforating artery
and vein

Semimembranous M.

Semitendinosus M.

Posterior femoral
cutaneous nerve

Adductor magnus M.

Ischiadie N.Biceps femoris M.
[caput longum]

Biceps femoris M.
[caput breve]

Intermuscular septum
of lateral femoral

Vastus lateralis M.

  Fig. 10.2    Cross section through mid-thigh. Note the absence of major neurovascular structures in the area of the ante-
rior thigh       
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 After completion of the history portion of the 
consultation, an evaluation of the patient’s thigh 
is made. Any asymmetries or defects are pointed 
out to the patient. The patient’s muscles are then 
evaluated. The skin and fat content are similarly 
assessed at this time as a patient with minimal 
adipose and thin skin is more at risk for implant 
palpability. Measurements of the patient’s thighs 
are then taken: (1) circumference of the thigh at 
its midpoint and (2) length from the inguinal 
crease to the patella to ascertain the maximal size 
of the implant.  

    Available Implants: Custom-Made 
for Implantation by Dr. Chugay 

 The dimensions of the implant used for augmenta-
tion are as follows: 10.4 × 15 × 2.5 cm (Fig.  10.4 ).

       Preoperative Planning and Marking 

 On the day of the surgery, the patient is met in the 
preoperative holding area. It is here that the 
patient’s consent is verifi ed and again risks, 

 benefi ts, and alternatives are reviewed with the 
patient. With the patient in the erect position, the 
proposed site of incision is marked, measuring 
approximately 5–7 cm. The site of incision 
should be in the upper thigh, approximately 
8–10 cm below the inguinal crease (Fig.  10.5 ). 
Once the site of the incision is marked, the site of 
the proposed implant is marked taking into 
account the patient’s anatomy and existing defi cit 
along with the desires of the patient.

       Operative Technique 

 The patient is brought to the operative suite 
and placed in the supine position. Anesthesia is 
administered. The patient is then prepped and 
draped in sterile fashion after local infi ltration 
of 25 mL of 1 % lidocaine with epinephrine to 
each anterior thigh region. Seven centimeter 
transverse incisions are made in each anterior 
thigh region in line with preoperative markings. 
The incisions are made with a 15 blade scalpel. 
Subsequently, dissection is performed through 
the subcutaneous tissues using a combination 
of blunt dissection and a hemostat. Dissection 

  Fig. 10.3    Greater saphenous vein emptying into the fem-
oral vein at the fossa ovalis in the medial thigh       

  Fig. 10.4    Preoperative    marking with location of incision 
and proposed site of implant       
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is carried to the level of the deep quadriceps fas-
cia. On reaching the fascia, a 15 blade scalpel is 
used to make a transverse incision (Fig.  10.6 ). 
This is then extended with Metzenbaum scis-
sors medially and laterally. At this point 2-0 
Vicryl stay sutures are placed in each section 
of the fascia (Fig.  10.7 ). A subfascial plane is 
then dissected over top the rectus femoris mus-
cle using blunt fi nger dissection and a spatula 
dissector, ensuring an adequate plane for the 
implant in the anterior thigh (in line with pre-
operative markings/patient wishes) (Fig.  10.8 ). 
Once a suffi cient pocket has been dissected, 
15 mL of 0.5 % Marcaine is introduced into 
the pocket. The pocket is then irrigated with a 
solution containing normal saline, Betadine, 1 g 
of Ancef, and 80 mg of Gentamicin. A custom-
made silicone implant is then placed into posi-
tion, making sure to attain symmetry (Fig.  10.9 ). 
Once the implants have been placed, symme-
try is assessed. At this point closure is begun. 
The fascia is re-approximated with 2-0 Vicryl 
suture in interrupted fashion (Fig.  10.10 ). The 

deep dermis is re- approximated with 2-0 Vicryl 
suture in buried fashion. The skin is closed in 
subcuticular fashion using 3-0 Monocryl Quill 
Suture. Benzoin and Robbins tape is applied as a 
dressing. The legs are wrapped with Coban and 
the patient is taken to postanesthesia care unit 
(PACU).

           Postoperative Care/Instructions 

 Postoperatively the patient may begin ambulating 
starting on the evening of the procedure. They 
may shower on the second postoperative day, 
making sure to keep dressings clean and dry the 
Robbins tape with a hair dryer on a low-heat set-
ting. Patients are then allowed to begin light 
activity at week 2 and full unrestricted activity at 
weeks 4–6. Patients are asked to wear an ACE 
wrap around the thigh for 4 weeks postopera-
tively to prevent dead space, thereby helping to 
reduce the risk of seroma formation. The legs are 
to be elevated as much as possible to allow for 

a b

  Fig. 10.5    ( a ,  b ) Second generation quadriceps implant 
for implantation custom-made for Chugay cosmetic.  
The tapered end (being held) would be placed caudally 
and the wider portion of the implant cranially, conform-

ing to the normal anatomy of the leg. This implant has 
not yet been placed but has been created to fi ll out a 
larger area of the anterior thigh       

 

Postoperative Care/Instructions



252

better lymphatic/venous drainage. Patients are 
prescribed both narcotic analgesics along with 
muscle relaxants (diazepam 5 mg every 8 h as 
needed for spasm) to assist with postoperative 
pain.  

    Complications 

 In performing quadriceps augmentation, there 
is a host of complications that can arise 
(Table  10.1 ).

a

c

b

  Fig. 10.6    ( a ) Initial incision in the quadriceps fascia. ( b ) Close-up view of incision in quadriceps fascia. ( c ) Extension 
of incision in quadriceps fascia medially and laterally using Metzenbaum scissors       
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      Infection 

 Infection, either superfi cial or deep, is a possibil-
ity in quadriceps augmentation surgery. The most 
likely culprits would be staphylococcus aureus 
and streptococcus epidermidis, relatively com-
mon skin fl ora. Prior to making incision, standard 
practice should be the administration of 2 g of 

intravenous (IV) Ancef (or 300 mg IV clindamy-
cin in a penicillin – or cephalosporin-allergic 
patient). During the procedure, irrigation of the 
pocket with a standard antibiotic solution con-
taining normal saline, Betadine, Ancef, and gen-
tamicin should be performed. Postoperatively, 
a 5–10-day regimen of oral antibiotics covering 
normal skin fl ora should be administered. If a 

a

c

b

  Fig. 10.7    ( a ) Placement of stay sutures in lower portion 
of quadriceps fascia. ( b ) Stay suture in lower quadriceps 
fascia (view from a distance). ( c ) Stay sutures in lower 

portion of quadriceps fascia and upper portion of quadri-
ceps fascia (close). Note two sutures in lower portion of 
fascia to prevent caudal migration of fascia       
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deep infection occurs, the standard of practice is 
removal of the implant, closure, and possible 
reimplantation in 3–6 months. There are reports 
in other forms of implant surgery that conserva-
tive management and implant salvage are possi-
ble. This should be left at the discretion of the 
surgeon and performed with careful counseling 
of the patient. The authors did have a delayed 
infection that occurred in the one patient. This 
infection is discussed in further detail below  

    Seroma 

 Seromas are statistically the most common com-
plication occurring in implant surgeries. They typi-
cally present as new-onset pain, swelling, or 
asymmetry. The treatment of choice remains per-
cutaneous aspiration. This complication is best 
prevented with patient compliance with compres-
sion stockings and proper implant placement at the 
time of surgery, thereby minimizing dead space.  

a b

  Fig. 10.8    ( a ) Spatula used for dissection of subfascial pocket in blunt manner. ( b ) Spatula dissector in position at lat-
eral aspect of pocket, using the external markings as a guide for minimized dissection of the pocket       

a b

  Fig. 10.9    ( a ) Quadriceps implant covered in Betadine. ( b ) Implant being placed into left subfascial plane with a fold-
ing motion of the implant so as not to require a larger incision at the skin and fascial level       

 

 

10 Quadriceps Augmentation



255

    Hematoma 

 Although a rare occurrence due to the relatively 
avascular plane of dissection for the quadriceps 
augmentation procedure, a hematoma is always a 
possibility in surgical procedure. In the event of a 
hematoma, rapid evacuation, pocket irrigation, 
and reimplantation are the mainstays of therapy. 
This complication is best prevented by  meticulous 

hemostasis at the time of surgery and good com-
pression of the thigh post-op to prevent potential 
space creation.  

    Asymmetry 

 This can occur as a product of preexisting vari-
ability in the patient’s legs or variability in dis-
section of the pocket bilaterally. This is best 
minimized by good preoperative photography 
and noting any asymmetries preoperatively. To 
avoid creation of asymmetry, it is important to 
maintain the same pattern of dissection and 
pocket creation bilaterally.  

    Implant Visibility 

 Due to the subfascial placement of the implant, 
this is indeed a rare complication. However, those 
patients that have very thin and atrophic legs to 
begin with may suffer from implant palpability 
and visibility. Patients should be counseled on 
this fact preoperatively if there is a feeling that 
the patient could be at risk.  

a b

  Fig. 10.10    ( a ) 2-0 Vicryl suture being used to approxi-
mate quadriceps fascia with rectus femoris visualized 
(close-up). ( b ) Initial suture approximating quadriceps 

fascia with further sutures needed medially and laterally 
to fully approximate fascia       

   Table 10.1    Potential complications of quadriceps aug-
mentation   

 Potential complications of quadriceps augmentation 
surgery 

 Infection 
 Seroma 
 Hematoma 
 Asymmetry 
 Implant visibility 
 Hypertrophic scarring 
 Hyperpigmentation of the scar 
 Capsular contracture 
 Wound dehiscence 
 Nerve injury (permanent or temporary, motor or 
sensory) 
 Compartment syndrome 
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    Scar Hyperpigmentation 
and Hypertrophy 

 The key to reduction of these problems is careful 
layered closure. Patients with a history of keloid 
or hypertrophic scar formation may require the 
use of steroid injected at the site of incision.  

    Capsular Contracture 

 This is a possible late sequela of any implant 
placement, most frequently described in the 
breast augmentation literature. In the event that a 
patient presents with signs/symptoms of capsular 
contracture (e.g. induration of the implant site, 
tightness in the leg, new-onset pain, new-onset 
swelling), ultrasound or CT evaluation of the 
affected extremity is warranted. If a capsule is 
identifi ed, typically characterized by calcifi ca-
tions, then a partial or complete capsulectomy is 
warranted. Capsular contracture is best prevented 
by meticulous hemostasis, good sterile technique, 
and avoidance of bleeding in the postoperative 
period.  

    Wound Dehiscence 

 Wound dehiscence is a product of poor wound 
closure under too much tension typically. In order 
to prevent this, meticulous closure in three layers 
is paramount: fascia, deep dermis, and skin.  

    Nerve Injury 

 Due to the avascular and relatively structure free 
dissection performed in the vast majority of 
cases, permanent nerve injury is rarely a prob-
lem. It is quite common for patients to complain 
of some numbness over the area of the anterior 
thigh postoperatively; however, this returns 
within 1–3 months postoperatively.  

    Compartment Pressure Problems/
Compartment Syndrome 

 Compartment syndromes, typically seen in 
trauma, involve an acute increase in pressure 
inside a closed space, thereby impairing blood 
fl ow to the affected space and potentially putting 
the limb at risk for loss. Clinical signs of com-
partment syndrome include the 6 Ps: pain, poiki-
lothermia, pallor, paresthesias, paralysis, and 
pulselessness. In conscious patients, pain out of 
proportion to examination is the prominent 
symptom. Pain with passive range of motion is 
particularly troubling. Compartment syndrome 
of the anterior thigh, while rare, has been reported 
and should be considered in the patient that pres-
ents with unexplained pain out of proportion to 
the examination [ 3 – 5 ]. In those patients that do 
present with anterior thigh compartment syn-
drome, removal of the implant would be recom-
mended. However, there is data to support 
conservative management in isolated compart-
ment syndrome of the anterior thigh as it is a very 
large space and diffi cult to cause signifi cant vas-
cular collapse as the majority of the structures lay 
deep in the thigh [ 4 ].   

    Discussion 

 Muscle wasting in HIV-infected individuals is 
quite common, affecting an estimated 20 % of 
patients [ 6 ,  7 ]. The Centers for Disease Control 
and Prevention defi nes HIV/AIDS wasting syn-
drome as the involuntary weight loss of greater 
than 10 % baseline body weight during the pre-
vious 12 months or a 5 % loss of weight during 
the previous 6 months [ 8 ]. The wasting in HIV/
AIDS is characterized by reductions in lean body 
mass or fat-free mass, of which skeletal muscle 
makes up 50–54 % of lean body mass [ 9 ]. This 
wasting syndrome is typically characterized and 
accompanied by not only the weight loss but also 
diarrhea, fever, malnutrition, depression, poor 
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appetite, and weakness. Researchers advocate 
a multimodal approach to treatment of muscle 
wasting syndrome including a balanced high- 
protein diet, a regular resistance training workout 
routine, supplementation of testosterone, supple-
mentation of growth hormone, and possible ana-
bolic steroid use to help maintain and prevent 
lean muscle mass loss [ 6 ,  10 ]. However, even 
with these recommended therapies, some patients 
still cannot achieve the improvement that they 
would like. Although a quadriceps implant does 

not solve the underlying problem of HIV wasting, 
it can improve the mental state of the patient. The 
patient is given a boost in self-confi dence which 
may improve their quality of life in the long term.  

    Authors’ Personal Experience 

 To date, the authors have performed one quadri-
ceps augmentation procedure for muscle wasting 
with aesthetically pleasing results. 

  Case 1 

 A 42-year-old with HIV (JM) presented with 
muscle wasting in the anterior thigh that had 
become increasingly noticeable since his ini-
tial diagnosis and initiation of HAART ther-
apy. Despite a rigorous resistance exercise 
routine, he was unable to develop or maintain 
defi nition in the anterior thigh region to his 
satisfaction. He suffered from hypertension 
in addition to HIV. His medications included 
benazepril and cardizem for hypertension and 
his antiviral regimen consisting of Prezista, 
Norvir, Truvada, Retrovir, and Intelence. 
His laboratory studies were unremarkable 
beyond the positive HIV test and the mildly 
elevated triglyceride level of 207 mg/dL (nor-
mal range 0–150). A custom implant was cre-
ated based on measurement of the patient’s 
thigh, resulting in an implant that measured 
10.4 × 15 × 2.5 cm. The implant volume was 
207 mL. The patient’s surgery was unevent-
ful, with successful placement of the implant 
below the deep quadriceps fascia (Fig.  10.11 ).

   Five months after his augmentation had 
been completed, the patient presented to the 
emergency room complaining of redness and 
tenderness in his right anterior thigh. A CBC 
was obtained, demonstrating a WBC of 18.2. 
A CT scan of the leg demonstrated a fl uid col-
lection surrounding the implant with dots of 
air consistent with an abscess. The collection 
extending from 8 cm above the implant to 

approximately 1.7 cm below the implant and 
measured up to 1 cm in maximal thickness. 
The patient was taken to the operating room 
for removal of the right quadriceps implant, 
drainage of a 100 mL collection of purulent 
fl uid, and placement of drains. The fl uid was 
sent for culture and grew streptococcus. The 
patient was placed on intravenous (IV) antibi-
otics and had a resolution of his elevated white 
blood cell count over the course of 3 days. 
The patient was discharged home on oral 
Augmentin 875 mg for a course of 10 days. 

 The patient presented to our offi ce 2 months 
after drainage of his abscess for re-augmenta-
tion of the right quadriceps region as he was 
so happy with the result of the left quadriceps. 
The same size custom implant was then placed 
into the right thigh without incident. At the 
time of publication of this text, he is one 
month after his second operation to replace 
the right thigh implant and has had no compli-
cations or sequelae. 

 After speaking with the patient, it was 
noted that he had suffered an upper respiratory 
tract infection 1 week prior to his right implant 
infection. It is felt that the patient had a seed-
ing of the implant bed with the streptococcus 
which then produced the remote infection 
5 months after his initial surgery. Another 
contributing factor may be the patient’s ongo-
ing battle with HIV and his continued antiret-
roviral regimen.   
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    Conclusions 

 A semisolid silicone implant can be used as a 
means of increasing volume to the anterior 
thigh in patients with HIV or on HAART and 
may have a role in purely cosmetic augmenta-
tion of the anterior thigh.     
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