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Preface

Plastic Surgery is the most coveted field among medical students all over the world.

Cynics might conclude that this is due to the attraction of aesthetic surgery, but
they are wrong.

Students realize very early, that plastic surgery has much more to offer: we treat
babies and old patients, from head to toe, with a variety of sophisticated techniques,
with the challenge of microsurgery topping the list. Creativity is an integral part of
our daily work.

We use these techniques to make individuals regain their physical integrity, we are
the quality-of-life speciality.

On our way to competence in this field we need great examples, we need heroes.
And we are lucky to have so many of them.

No other field in medicine is as much internationally oriented as plastic surgery:
in IPRAS 96 national plastic surgery societies are represented. One of the main ob-
jectives of IPRAS is to increase the number of training sites and subsequently the
number of fully and well trained plastic surgeons worldwide.

With pride I can say, that plastic surgery is also the field with the highest number
of physicians involved in humanitarian missions. These missions not only provide
free treatment for patients in need, they also serve the purpose of promoting the
training of young plastic surgeons in developing countries.

Most of the contributors of this book have been and still are involved in these mis-
sions. They are dedicated to teaching.

Rather than inviting them to contribute a chapter to a textbook, we asked them to
share their greatest contribution to the future of plastic surgery with us. We were
thrilled when we first saw their articles.

Share our enthusiasm and be up front with techniques which are likely to repre-
sent tomorrow’s state-of-the-art in plastic surgery.

Marita Eisenmann-Klein



Preface

“It is now Monday and we are in the second week of creation” Peter Sloterdijk just
recently stated in his prize award speech for innovative publication management.
Nanotechnology, biotechnology and gene technology are revolutionizing our scien-
tific world as much as our every day life - comparable only to the changes at the turn-
ing towards the industrial age at the end of the 19th century.

Plastic Surgery, one of the youngest mono-specialties in medicine, historically has
been innovative to a drastic extent by introducing and adding the treatment of exter-
nal appearance of mankind into medical sciences of healing patients of exclusively
functional diseases. As the quality of results is more obvious in plastic surgery than
in other medical fields the search for constant perfection together with lesser trau-
matic techniques is inherent in our daily work.

This book intends to allow an up to date overview of the latest consented tech-
niques in Plastic and Aesthetic surgery. The inspiring spark was the 14th quadrenni-
al International Congress of the International Confederation for Plastic, Reconstruc-
tive and Aesthetic Surgery (IPRAS) 2007 Berlin, Germany. Plastic Surgeons from all
over the world exchanged their expert knowledge, innovative ideas and experience.

From all representative sections of our fascinating specialty we are grateful to
have been able to include altogether 58 contributions from autografting and allo-
grafts like face transplantation to xenografts, from microsurgical techniques to laser
technology, from stem cell research to bodylifting refinements. The different chap-
ters are not separated by indication such as reconstructive or aesthetic as every sin-
gle technique or therapy in Plastic Surgery by definition will never be reconstructive
without respect to the aesthetic outcome and vice versa. Chapter organisation has
been introduced according to different techniques or anatomical units.

Science and progress cannot exist without innovative ideas and their creators, but
all innovations are based on the experience and established knowledge of our prede-
cessors. Many promising new findings will not survive forever or be rejected after a
while or even innovated by the original authors or others. Many old techniques on
the other hand have never been neglected: the ever-cited Indian Flap e.g. The coexis-
tence of both: old and new - is the secret of good science.

Johann Wolfgang v. Goethe:
»Wir ehren froh mit immer gleichem Mute
Das Altertum und jedes neue Gute.
»With the same cheerful courage we value
every good thing, both old and new*
(translated from the German)
Constance Neuhann-Lorenz
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Very often scientific publications begin with the pomp-
ous words: “A new technique for..”, or “An innovative
method for..”. But are these procedures really new?
The French physician and philosopher Emile Littré
(1801 -1881) wrote the following in the foreword of his
“Oeuvres completes d’Hippocrate” (“Complete Works of
Hippocrates”): “There is no development, even the
most advanced of contemporary medicine, which is not
found in embryo in the medicine of the past” [12]. This
opinion is easy to demonstrate by doing some research
in a historical library. One will discover that old books
not only provide palpable contact with the medical
past, but also serve to establish the precedence of an
idea, a theory or a technique. Regrettably, we often re-
alise that most of the so-called new techniques derive
from ideas which were already published but then for-
gotten. Numerous examples exist, but we restrict our
list to just a few for obvious reasons.

1.1
Nasal Surgery

Reconstructive nasal procedures using the forehead
flap are countless, from the very simple to the most
complicated. All aim to replace the missing parts in the
best possible way.

In 1974, Ralph Millard described the so-called “fly-
ing seagull flap” outlined in the forehead and trans-
posed to the lower half of the nose to repair a defect
[14]. However, his flap reproduces almost completely

Using the Past

the so-called “fleur de lys” design reported by the
French surgeon Jacques Delpech (1777-1832) and
published in 1828 (Fig. 1.1) [4]. The difference in shape
is minimal; one has open wings, whereas the other re-
sembles a partially opened bud, but the concept is the
same; a well vascularised skin flap, drawn on the same
donor site, the forehead, to repair the nose. What is sur-
prising is the time it took to rediscover the wheel: al-
most 150 years!

A more recent sophisticated method for repairing a
full thickness defect of the nose advocates the transpo-
sition of a prelaminated flap outlined on the forearm
[17]. However, the German Carl Ferdinand von Grife
(1787 -1840), one of the founders of modern plastic
surgery, developed a similar treatment plan in 1818,
193 years earlier [8]. The skin was prefabricated on the
inner arm, shaped to match the missing part and su-
tured to the nasal stump according to the so-called Tag-
liacozzi procedure (or Italian technique) (Fig. 1.2). Von
Grife’s type of repair is a traditional, pedicled flap, sep-
arated at about day 15 after surgery, to allow good re-
vascularisation, whereas the prelaminated fasciocuta-
neous flap proposed by Pribaz is lined on its undersur-
face and transferred microsurgically. These procedures
were not available in the nineteenth century.

Modern aesthetic nasal surgery is often done using
the open approach. Rhinoplasty surgeons consider this
technique essential for a good visualisation and for
achieving more predictable results. Evaluation and
modifications of the tip are greatly improved, despite
the transcolumellar scar, which is regarded as unim-
portant. But who introduced this method for the first
time and when? We have to go back to 1934, when the
Hungarian otolaryngologist Aurél Réthi (1884-1976)
described it and demonstrated that it was possible to
change the nasal tip in a very accurate way [18]. Regret-
tably, at the end of the operation Réthi removed a piece
of columella, so as to make a long nose shorter
(Fig. 1.3). The outcome was often poor and this ex-
plains why the operation fell rapidly from favour. It
took almost 40 years until Goodman rediscovered and
popularised the open rhinoplasty [7].
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Fig. 1.1. The “fleur de lys” flap for nasal reconstruction as re-
ported by J. Delpech [4]. a Outlining of the flap; b flap transpo-
sition; ¢ final result
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Fig. 1.2. The German method
for nasal reconstruction by a
prefabricated flap according
to von Gréfe [6]. Outlining
of the flap

Fig. 1.3. The open approach technique as described by A. Réthi [18]. a Trans-
columellar incision; b nasal tip exposure; ¢ columella sectioning
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1.2
Lower Eyelid

For full thickness lower eyelid repair, the rotation of the
cheek constitutes one of the most common solutions.
The well vascularised flap gives excellent aesthetic and
functional results. It was eponymously called the Mu-
stardé flap after the surgeon who described its use in
1966 [15]. However, the first report of the cheek rota-
tion flap goes back to 1918, when the Dutchman J.F. Es-
ser (1877 -1946) published a whole book “Die Rotation
der Wange” (“The Cheek Rotation”), devoted to this
method and to its different applications for facial re-
construction [6]. Hence, this procedure should correct-
ly be named the Esser flap (Fig. 1.4).

1.3
Lip

One of the basic principles of modern cheiloplasty is
the use of lip tissue to repair a lip defect by transposing
two full thickness flaps from the alar bases downward
to the mentolabial groove [13]. The flaps, based at least
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25 mm from the commissure, and with the same curvi-
linear incision, are sutured together along the midline,
to re-establish the continuity of the oral sphincter. The
technique, first described in 1857 by the German von
Bruns (1812-1883) [2], was recently reintroduced by
Karapandzic (1974) [11]. The only difference between
the two procedures is the conservation of the neurovas-
cular bundle that Karapandzic considers essential for
the successful outcome of the operation. Thus von
Bruns must be regarded as the pioneer of one of today’s
most frequently used procedures for lip repair, which
he devised almost 130 years before Karapandzic
(Fig. 1.5).

1.4
Breast

In 1932, for moderate breast hypertrophy, the Austrian
surgeon Ernst Eitner advocated the periareolar sutur-
ing of the nipple without adding vertical or horizontal
scars, an innovative solution in aesthetic breast surgery
[5]. Reduction of the breast was achieved by mammary
gland resection, according to breast size, with invagi-

- Primar Defect

Fig. 1.4. The transposition of the cheek according to J.ES. Esser
[6]. a Title page of Esser’s book; b defect of the lower eyelid;
¢ closure of the defect by cheek rotation flap
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Fig. 1.5. Lower lip reconstruction following excision for cancer, according to von Bruns [2]. a, b Pre- and postoperative view of the
patient

Fig. 1.6. Periareolar mamma-
plasty according to E. Eitner
[5]. a Elevation of the nipple
areola complex; b folding of
the upper pole; ¢ final result;
d, e pre- and postoperative
view of the patient
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nation and folding of the upper pole, so as to allow ele-
vation of the nipple-areola complex (Fig. 1.6). In 1990,
almost 60 years after Eitner, the French surgeon Louis
Benelli proposed a similar operation [1]. To avoid en-
largement of the areola, he suggested a continuous cer-
clage stitch, passed as a purse string in the dermis, the
so-called round block.

1.5
Anterior Chest Wall Defects

Worried by the unfavourable results obtained in cover-
ing anterior chest wall defects following excision for
breast cancer, the Italian Iginio Tansini (1855-1943)

reported the use of a large skin flap, with the underly-
ing latissimus dorsi muscle, outlined on the back and
transferred to fill the defect. In 1906, Tansini’s anato-
mist, Professor Sala, demonstrated that the vasculari-
sation of the skin was from the subscapular perforating
arteries [20]. Its description constitutes the first exam-
ple of a musculocutaneous flap to appear in the litera-
ture (Fig. 1.7). However, for various reasons its use was
abandoned. It took 60 years for the German surgeon
Neven Olivari to rediscover the wheel and to publish a
paper in 1976 on the clinical application of the latissi-
mus flap for different reconstructive purposes, mainly
to cover defects of the irradiated anterior chest wall
[16].

Fig. 1.7. Tansini’s latissimus dorsi flap transposition [20]. a Outlining of the flap;
b the flap into position; ¢ final result
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Fig. 1.8. Fat injection for management of facial atrophy by Holldnder [10]. a, b Pre- and postoperative view of the patient

1.6
Fat Injection

One of the most recent advances in the correction of
contour irregularities and for soft tissue augmentation
in aesthetic and reconstructive surgery is the use of au-
tologous fat injected locally. To avoid reabsorption and
to ensure maximal cell survival, Coleman [3] systema-
tised the procedure by means of fat centrifugation and
placement of small amounts of cells in multiple tunnels
so as to enhance contact between transplanted adipo-
cytes and surrounding tissues. But who had the idea of
injecting fat to correct contour irregularities? A search

in the literature shows that in 1908, the Berlin surgeon
Eugen Holldnder (1867 -1932) treated two cases of fa-
cial atrophy by injecting a blend of human and ram’s fat
locally. He considered this mixture the secret of success
for avoiding reabsorption and for ensuring stability of
the results. The pre- and postoperative photos ap-
peared in a review paper published in 1912 in “Hand-
buch der Kosmetik” (“Handbook of Cosmetic Sur-
gery”) by Max Joseph (Fig. 1.8) [10].

L Yo RO S e i T F - e

Fig. 1.9. Facial analysis according to Da Vinci (about 1495) [19]. a The division of the face into thirds; b the proportions of the face
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1.7
Using the Past to Influence the Future

Surprisingly, in some instances the past may also serve
to ameliorate the future. The canons of facial beauty,
laid down by Leonardo Da Vinci (1452-1519), one of
the most emblematic masters of the Renaissance, were
used to create the ideal face in painting [21], and still
represent an appropriate model for predicting results
in procedures like rhinoplasty or orthognathic surgery
(Fig. 1.9).

What is the purpose of facial analysis today? Its value
is to analyse the proportions of the face thoroughly, to
make an accurate diagnosis of the deformities and
asymmetries, and to establish the surgical procedure
best suited to achieve facial harmony. Da Vinci, in his
Atlantic code (about 1495), stated that a well balanced
face should be divided into thirds: “From the chin to
the nostrils is a third part of the face. The same holds
for the distance from the nostrils to the eyebrows and
from the eyebrows to the hairline” [19]. The concept of
the division of the face into thirds appears also in the
chapter devoted to facial analysis of the recent book
“Nasal Surgery by the Masters” [9] “The face is divided
into thirds by horizontal lines tangential to the menton,
nasal base, brows and hairline”. In considering the alar
base width, Da Vinci pointed out its relationship to the
distance between the eyes: “Horizontally the width of
the nose at its base should be approximately equal to
the distance between the eyes” (Notebooks, 1495) [19].
Amazingly, a similar correlation appears in the above
mentioned book: “The width of the alar base should be
approximately the same as the intercanthal distance”.
Finally, regarding tip projection Da Vinci said: “In pro-
file the distance from the very edge of the nostril, where
it joins the cheek, to the tip of the nose will be equal to
the width of the nose from one nostril to the other as
seen from in front” [19], which almost corresponds to
the phrase in the same book: “Another method to eval-
uate tip projection is to determine if tip projection
equals alar base width”.

1.8
Conclusions

What can we learn from old books? We can discover
what our forefathers did and recognise their achieve-
ments with humility. Comparisons between old and
new procedures often show that “Nothing is new under
the sun”.

Amazingly, knowledge of the work of past masters
may influence the future positively by contributing to
solutions of current problems. Facial analysis, devised
in the Renaissance by Da Vinci to guide painters to a ra-
tional approach and to a better understanding of the

proportions of the face, still represents an appropriate
model for improving procedures such as rhinoplasty or
orthognathic surgery.

In this sense the masters of modern rhinoplasty
share a common bond with Da Vinci. Facial analysis,
based on Da Vinci theories, assists the surgeon in the
diagnosis of the asymmetries, and in designing the sur-
gical procedure best suited to achieving facial harmo-

ny.
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Unless a surgeon is implacably opposed to change, he
or she will have to consider adopting a new technique
in order to improve results. It is impossible to prevent
changes from occurring in one’s personal or profes-
sional life. Everyday, even hour by hour, events, minor
or major, which demand our response are happening at
home, with our family, to friends, and at work, in the
office, at the hospital, in the operating room. This is
true not just for doctors and those who happen to be
plastic surgeons but also our patients. Everything in
the universe is dynamic or, as the Greek philosopher
Heraclitus (c.540-c.480 B.c.) stated: “All is flux, nothing
stays still.” But, as Heraclitus insisted, change or flux
does not necessarily mean irreparable disarray but
could be the unifying force in nature.

For every plastic surgeon change occurs and, if pro-
gressive, constitutes a kind of unity: grammar school,
middle school, high school, college, medical school,
postgraduate training, and finally entry into practice or
another area of our specialty. The point of this prologue
is to emphasize that by the time a person has become a
plastic surgeon, he or she has made innumerable
changes, adjustments, and adaptations. In retrospect,
no period in our lives pressured us to change and to
learn new skills more than did our residency. To remain
in a program every trainee must labor hard to create a
new professional self and to become board eligible. If
not by the time the plastic surgeon has been creden-
tialed then certainly a decade or two later, one can usu-
ally identify into which of the following categories he or
she fits:

e Those who innovate

e Those who adopt an innovation

e Those who do not innovate and refuse to adopt an
innovation

2.1
Those Who Innovate

The innovators among us are comparatively few. Fac-
tors of personality not just intelligence and manual
skill determine whether a plastic surgeon will be an in-
novator. These people are willing, even enthusiastic to
assume risk and to venture into the unknown. Their
nature is to live on the edge in the operating room and
perhaps outside it. Their personality compels them to
change, to discard the security of the old for the chal-
lenge and exhilaration of the new. They have the ability
to create, the stamina to persevere, and the ego strength
to accept failure.

Most physicians are conservative in their personal
demeanor and their professional behavior. The reality
is that admission committees at medical schools would
likely exclude someone who seems a flagrant non-con-
formist, disrespectful of authority and tradition.

Discoveries in most fields are made by the young,
physics being the prototype. This is true, however, also
in non-scientific areas, such as art, literature, architec-
ture, and music.

We must remember that by the time a physician has
completed training, he or she is older than many of his
peers who have finished their professional schooling.
The plastic surgeon is in his or her early or mid-thirties.
We should not forget, however, that many monumental
advances in medicine have been due to the efforts of
young doctors, even students. Oliver Wendell Holmes
at 34 and Ignaz Semmelweis at 29 described the cause
and the prevention of puerperal sepsis. Ephraim
McDowell, at 38, was the first to enter the peritoneum
to perform an ovariotomy in a patient who survived.
Ambroise Paré, called the Father of Surgery, who had
no formal training and therefore was not blinded by
false dogma, was 26 at the Battle of Turin, when his sup-
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ply of boiling oil, made from elderberries, ran out. He
treated wounds by applying nothing or oil of roses. To
his astonishment and to the gratification of the wound-
ed troops, their pain was less and their healing better.
Remarkably Pare lived to be 80 (1510-1590), his biolo-
gy being another defiance against his era.

Gaspare Tagliacozzi, considered the Father of Plastic
Surgery, at age 31 published the first text in our special-
ty, describing in detail the reconstruction of the nose
with a flap from the arm. Although he did not innovate
this flap, which was used in the fifteenth century by the
Brancas of Catania and perhaps earlier, he codified this
technique so that his contemporaries and followers
were able to recognize its importance and use it to ben-
efit patients.

One need not, however, go back centuries to find a
young innovator. Dr. Joseph E. Murray, a plastic sur-
geon in Boston, when he was 35, did the first successful
organ transplant, a kidney taken from one identical
twin to the other. This feat as well as his subsequent re-
search, when he was still young, on the immunology of
homotransplantation, led to his receiving the Nobel
Prize.

2.2
Those Who Adopt an Innovation

Most plastic surgeons are not leaders but followers will-
ing to change if convinced it is in the best interest of
their patients and themselves. They will properly ask
why they should discard a technique that has given
good or better results with minimal risk. Age, training,
skill, flexibility and willingness to take a risk in one’s
profession, especially in the operating room, are im-
portant characteristics that affect a surgeon’s decision
to learn and use a new technique. Some surgeons are so
competitive that if they are not among the avant garde,
they feel inadequate, anxious and even depressed. This
type of personality is not necessarily disadvantageous
since it accounts for progress.

If, when, and to what degree to change are matters
that ultimately only the individual plastic surgeon can
decide. There are those who always are looking for an
opportunity to do something new. They read articles,
attend meetings and symposia, consult colleagues in
person or by correspondence, seeking advice because
of the impetus to do better for their patients and them-
selves. While they may not be discoverers, they are the
leaders of the followers. They are crucial to progress be-
cause they disseminate the new.

2.3
Those Who do not Innovate and Refuse to
Adopt an Innovation

It is difficult never to change in one’s profession, espe-
cially in medicine. An internist or surgeon, for exam-
ple, who has not deviated for decades in the diagnosis
and treatment of a condition is remindful of what Talle-
yrand said of the Bourbons: “They have learned noth-
ing and forgotten nothing” Unfortunately there are
plastic surgeons who devote themselves to the status
quo. They may like the idea of change but dread the ex-
perience. They are unwilling to undergo what they per-
ceive as the considerable discomfort, uncertainty and
risk to themselves and possibly the patient. In my expe-
rience they exhibit the same inflexibility in their per-
sonal lives as well. Some patients feel comfortable and
protected by that kind of surgeon who, they may say, is
“careful” or “dependable.” T heard one of my friends, a
surgeon, describe another surgeon as “someone you
can trust because he doesn’t get any fancy ideas.” Resi-
dents and colleagues may consider them out of date but
they will always have loyal patients who appreciate
their caution and are reassured by not worrying that
they are being “experimented upon.” In truth, as one
studies the history of medicine and surgery, that kind
of attitude would have spared many patients from the
folly of becoming victims of an imprudent, statistically
untested operation or treatment extolled by some phy-
sicians and surgeons and by the media without proper
clinical trials. In the adopting of an innovation, two
major factors must be considered: the nature of the in-
novation and the reputation of the innovator(s).

24
Nature of the Innovation

Anyone contemplating adopting an innovation will ask
whether it is important to one’s practice or professional
life. Will the new method significantly improve results?
Is it worth learning and doing or is it of minor impor-
tance even if it is an innovation?

Any sensible plastic surgeon would want to know the
benefit-risk ratio.

Another extremely important consideration, sel-
dom mentioned but always present, is the economic
consequence of the innovation. Will doing it confer a
fiscal advantage, or not doing it, a penalty, such as loss
of patients and income?

Is the innovation relatively easy to learn by simply
reading an article or obtaining a video or will it be nec-
essary to witness it and/or dissect a cadaver? Is the
learning curve so steep that the surgeon along with his
or her patients may fall into disaster?

In this regard, a crucial aspect in the decision of
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whether or not to embrace the innovation is the opin-
ion of others, namely trusted, reliable colleagues. On
too many occasions I have heard a new technique pre-
sented by “the professor,” but his or her residents later
described the results with much less enthusiasm than
did their chief. This leads us to the other significant fac-
tor in addition to those mentioned: the innovator(s).

2.5
The Innovator

Who the innovator is and how he or she presents the
technique also affects whether or not it will be adopted
or rejected. There are some who are considered leaders
yet who minimize the difficulty and the complications
of what they are extolling and trying to popularize.

Is the presenter known to be truthful and reliable, or
self-aggrandizing to the point of deception? Has that
innovator misled us in the past? Has anyone credible
seen his or her results? Some people are convincing
speakers and writers but the results are less impressive.

There is a difference to me between reputation and
reality. Is this person overrated by those who know his
or her work? Occasionally a discrepancy exists between
local reputation and national or international repute.
One should remember, however, that reputation de-
pends on whom one asks. An associate of the innovator
may give a glowing evaluation, considerably different
from what one might receive from a past associate or a
competitor in the same town. The truth might lie be-
tween.

In our own field of plastic surgery, one should recall
that the great Dieffenbach (1792-1847), the modern
founder of our specialty, recommended partial glossec-
tomy for stuttering. Because of his renown, many sur-
geons performed the procedure on children who, in-
deed, stuttered less because of their decreased ability to
speak! In my time, Owen Wangensteen, a leader in
American surgery and an international figure, who
contributed tremendously to medicine and surgery,
recommended freezing stomachs for bleeding ulcers
and a “second look” with respect to intra-abdominal
cancer, i.e. reoperating to find and remove residual
cancer. Both these ideas were soon discarded because
they were not useful and were hazardous. The point to
remember is that the authority of the innovator was re-
sponsible for their initial rapid acceptance.

2.6
The Patient

The primary concern of any physician in any area of
medicine or surgery is the wellbeing of the patient. My
father, a neuropsychiatrist, used to say: “The practice of

medicine becomes much easier if the physician never
forgets to judge what is being proposed according to
what is in the best interest of the patient” That deter-
mination, however, is not always easy to make. One is
more willing to take a chance if the patient is facing the
prospect of death. Most patients in plastic surgery, cer-
tainly those who seek aesthetic surgery, are not in that
group.

Adopting a new technique in one’s clinical practice is
a serious undertaking. Failure may be irrevocable. Hu-
man beings are liable to suffer by undergoing the
“wrong innovation.” This is true of both patients and
surgeons. Years may pass before the flaws of a once her-
alded technique become known.

One can undertake an experiment on animals in the
laboratory with much less compunction than with hu-
man beings clinically. Even in the laboratory, however,
respect for the animal should be a consideration.

2.7
Informing the Patient

Axiomatic is not just informing the patient but proper-
ly informing the patient who might undergo an innova-
tion. An Internal Review Board exists in every hospital
to determine whether patients should have a new treat-
ment, medical or surgical. More often in one’s practice
subtle situations arise. Do we inform the patient, for ex-
ample, that we have learned about a new method of per-
forming a facelift and that he or she will be the first to
have it? If the patient asks how many we have done, we
must respond truthfully. The reality is that plastic sur-
geons, like all surgeons, may try a variation on his or
her basic technique without considering it a sufficient
innovation to require additional disclosure to the pa-
tient. The other possibility is that the surgeon may
think that ideally the patient should be informed but
does not do so because the patient may refuse and
thereby deny the surgeon the opportunity of perform-
ing it.

The dilemma in the practice of plastic surgery is that
we have worked hard to evolve a routine that we consid-
er effective and reliable and one with which we are sat-
isfied and comfortable. Soon supposed advances im-
pinge upon us and we must face again disruption in our
routine if we choose to make an effort to improve the
results for our patients and, in the process, to avoid our
own fossilization. This is not a trivial situation. For that
reason no surgeon and consequently his or her patients
should be ill informed purposely by a colleague wheth-
er it is in a presentation at a meeting or an article. It is
ethically and scientifically incumbent on anyone com-
municating to colleagues to be scrupulous in his or her
observations, results and conclusions. It is not enough
to present only complications along with excellent out-
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comes but also to divulge average results. This is partic-
ularly important and too often ignored in aesthetic sur-
gery. Neither we plastic surgeons nor our patients can
escape the reality of the bell-shape curve.

If we do not properly inform the patient or expose
the patient to an innovation that we have insufficiently
studied or mastered, then in the event of a poor result,
the patient and his or her family may use the recourse
of a malpractice suit. This possibility, certainly in the
United States, is a deterrent either to devise a signifi-
cant innovation or adopt it precipitously. Progress in
medicine and surgery, however, will occur inevitably
because of discoveries clinically and in the basic sci-
ences and in technology. A pertinent question to ask
oneself when considering an innovation is: “Would I
want this tried on me or a member of my family?” One
would hope that the surgeon asking such a question

would not be self-destructive but always mindful of his
or her wellbeing and that of his or her family.

Augustin Belloste (1654-1730) in his treatise, The
Hospital Surgeon, saw the issue then more clearly than
do many now:

“That which is New at the time, will one day be An-
cient; as what is Ancient was once New. It is not
Length of Time which can give Value in Things, it is
only their Excellency.”
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Tissue engineering found its application in plastic sur-
gery long before technological advancements allowed
the field to expand to what it is today. Both disciplines,
tissue engineering and plastic and reconstructive sur-
gery, share a common objective: to provide living tissue
for the repair of congenital or acquired defects. Each
new achievement in these fields is a consequence of
centuries of previous investigation, observation, and
insight. Viewed from a historical perspective, it is of
great interest to see the development of the distinct
field of tissue engineering on the basis of the tradition
of plastic surgery, the beginnings of an inextricable re-
lationship. Today, the advances of tissue engineering
continue to open up new possibilities in the field of
plastic surgery.

The technological innovations of the 20th century
revolutionized the field of plastic surgery. Operating
microscopes were developed and continuously refined,
and the production of microsurgical instruments
quickly moved from possibility to reality. With these
advances came the advent of microsurgery, the most
ambitious technique for tissue transfer yet undertaken.
Amongst the breakthroughs that this form of surgery
brought with it were improvements to long established
surgical procedures. The replantation of severed limbs,
for example, became more successful than ever before.
Further, the ability to describe in minute detail the an-
giosomes, or the anatomical vascular supply of any giv-
en region, gave way to a variety of new procedures.

The same innovations that dramatically altered the
face of plastic surgery made way for the birth of whole
new fields of research. The forward movement of scien-
tific technology brought new insights into the structur-
al and functional relationships that prevail on a micro-
scopic level in both physiological and pathological tis-

sues. This foundational understanding, coupled with
advances in cell culturing techniques and biomedical
research, opened new doors for the old ambition of
providing living material for the replacement of defec-
tive tissues. The scientific progress of the latter part of
the 20th century had made the next step in tissue sub-
stitution possible: tissue engineering.

3.1
Basic Principles of Tissue Engineering

Tissue engineering, in comparison to plastic surgery, is
a more modern discipline defined as being involved in
the experimentation with living tissues outside of a liv-
ing organism. It is a true product of interdisciplinary
cooperation between a vast number of life sciences, in-
cluding biotechnology, material science, cell biology,
cell expansion technology and a variety of medical spe-
cialties (Fig. 3.1).

The roots of tissue engineering, however, go deeper
than the contemporary definition implies. Up until re-
cent times, the possibilities for treatment requiring tis-
sue substitution included non-biological implants and
grafts originating from the patient themselves, a live
donor, or a cadaver. The development of the field of tis-
sue engineering research might be viewed as a product
of the realization that the traditional materials used for
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Fig. 3.1. Interdisciplinary cooperation in tissue engineering
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the substitution of defective tissues were not sufficient
to meet the demands placed on medicine. Solutions
were sought outside of these classical therapeutic pa-
rameters.

Plastic surgery, in addressing the problem of replac-
ing defective tissues in order to restore structure and
function, achieved successes through the practices de-
scribed above. Alone, however, these practices remain
inadequate to meet the demand for tissue replacements
needed to mend a vast range of defects. Tissue loss and
organ failure are among the most frequent, devastat-
ing, and costly problems faced by the health system.
Nevertheless, there are grave limitations placed on
transplantation medicine, factors including a shortage
of tissue and organ donations from either living or ca-
daver donors, as well as the high costs of transplanta-
tion, the side effects of immunosuppression, and recip-
ient morbidity.

Another treatment option, namely the use of non-
biological implants, comes with its own set of draw-
backs. While such prostheses very effectively restore
structure to damaged tissues, they cannot replace all of
the functions of a specialized tissue or organ. Neither
can they prevent the progressive decline in the state of
health of some patients, as a result of the illness that led
to the need for the prosthetic implant in the first place.

The field of tissue engineering offers hope for a reso-
lution of these difficulties. The development of biologi-
cal substitutes that are intended to replace or improve
the structure and function of human tissues has be-
come a possibility. Tissue engineering is based on the
knowledge gained through a wide range of scientific
branches that allow an understanding of the processes
and structure-function relationships within tissues at
the microscopic level and beyond. It applies this infor-
mation to the in vitro production of human tissues and
substitutes that are biologically compatible with hu-
man tissues. Currently, the production of nearly all
types of human tissue is being intensively investigated,
with the intention of implementing these to restore,
preserve or improve tissue structure and function in
human subjects [1].

There are three aspects of tissue engineering that es-
pecially deserve attention in respect to the stated objec-
tive, the provision of living tissues for the replacement
of congenital or acquired defects. First, consideration
will be given to the branches of cell and tissue culture.
Following this, the importance of the three-dimension-
al matrix for tissue engineering will be discussed. Last
will be a brief account of the biological materials in the
field of tissue engineering.

3.2
Cell and Tissue Culture

The first steps towards the attainment of a cell culture
were taken by Rudolf Virchow, who was active in the
same time period during which Reverdin, Ollier, and
Billroth were making their contributions to plastic sur-
gery. Virchow was one of the first advocates of the theo-
ry of cellular totipotency, or the ability of a single cell to
divide and produce all of the differentiated cells of an
organism. He postulated the independent growth of ev-
ery cell under specific external circumstances, when re-
moved from its collective cell structure, or tissue. Ex-
periments were continuously conducted on the basis of
this hypothesis, and it was a man by the name of Arnold
who succeeded in verifying the postulate in 1887, when
he observed the mitotic division of leukocytes in cul-
ture. This was, of course, a first step towards the main-
tenance and, further, the production of living human
tissues outside of the living human organism. It was on-
ly 10 years later, in 1898, that Ljunggren managed to
keep alive bits of skin in a fluid environment [3]. This
was probably the first achievement in the creation of a
milieu in which an actual tissue could be maintained
external to the organism from which it came.

At about the same time that Erich Lexer was con-
ducting the first mammoplasty, 1912, Carrel achieved
the propagation of cells on a glass substrate [2]. The
term “in vitro” stems from this time period as a syno-
nym for experiments conducted outside of a living or-
ganism. From the onset of in vitro experimentation, it
was clear, even without the technology known to mod-
ern-day scientists and the knowledge that this tech-
nology affords, that the composition of the medium in
which cells find themselves outside of the organism is
decisive for their ability to maintain life, divide, and
differentiate. The goal of all cell expansion technology
is to provide a suitable milieu for obtaining cell activi-
ty, function, and growth, but one that is defined and
reproducible [3]. It was in the 1950s that the term “cul-
ture medium” first came to be used. It was used to de-
fine a combination of salts, nutrients, amino acids,
and vitamins that allowed for the in vitro culture of
living cells, which often required the addition of se-
rum for efficacy. The first to succeed in producing a
serum-free medium for mammalian cells was Ham,
who accomplished this with the Ham F12 combination
in 1965 [4].

Today, there is a variety of commercially available
culture mediums for use with different cell types.
Methods for cell and tissue culture also abound. The
best known and most widely used technique for propa-
gating human and animal cells is the monolayer culture
using polystyrene dishes as the substrate. Most cell
types adhere to the hydrophobic base of these dishes
within 1 day, and subsequently begin to grow. The cell



