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'THE USE OF TISSUE EXPANSION
IN BURN DEFORMITY
RECONSTRUCTION: PART ONE

Tissue expansion has been used extensively in the
treatment of chronic burn sequelae for three decades.
Since the works of Radovan and Austad in 1975, several
techniques and indications have been reported. In part
one of this two-part review the authors look at the history,
pathophysiology and applications to different areas of the
body. Part two will deal with expansion techniques and
their post-operative complications.

ince their introduction

in 1975, tissue expanders

have been used for many

procedures that encompass

both aesthetic and
reconstructive aims (Argenta and
Marks, 2006). Expanders are used in
both paediatric and adult patients
(Argenta and Marks, 2006).

Tissue expanders are inflatable
reservoirs that are placed under the
skin. These reservoirs are connected to
a port via tubing that is tunnelled under
the skin. Saline solution is injected
through the port and transferred to the
expander, causing it to increase in size
and stretch the overlying skin.

One of the major indications for tissue
expansion in paediatric patients is
following the excision of congenital nevi
(Petres and Muller, 1987; Quaba, 1988).
Tissue expanders can be used regardless
of the size or location of the defect, thus
replacing the need for dermabrasion
and the incomplete resection of these
lesions (Petres and Muller, 1987; Quaba,
1988). Other indications for tissue
expansion in paediatrics include the
treatment of:

» Aplasia cutis congenita

» Meningomyelocele

» Microtia

» Hemangioma

» Scrotal reconstruction

» Clubfoot deformity

» Midfacial cleft

» Parry-Romberg syndrome

» Poland syndrome

» Tumor ablation

» Vaginal agenesis

» Volkmann contracture

» Reconstruction for conjoined twins
(LoGiudice and Gosain, 2003).

In adults, tissue expansion has been used
in the form of implants for aesthetic
purposes (breast, buttock or cheek
augmentation and flap formation for the
reconstruction of scalp defects post hair
loss) and for reconstructive purposes
(post-mastectomy breast reconstruction,
reconstruction of nasal defects,
expanded reverse abdominoplasty)
(Argenta and Marks, 2006).

Despite some indications specific to
either adult or paediatric patients,
some are common to both age groups.
Examples include the reconstruction
of post-burn scars, nasal defects,
pre-placement of pumps and other
implantation devices, flap preparation
for the closure of sternal lesions and
hypertrophic scars, and the repair of
alopecia caused by trauma or burn
injuries (Netscher et al, 2000).

With the advancement in aesthetic
and reconstructive surgery, and with
the advent of several modalities to
replace human skin with synthesised
autologous, homologous, and allogenic



substitutes, tissue expanders have been
found to be useful in both required and
elective procedures. Nevertheless, the
major contribution of tissue expansion
is in reconstructive procedures.

The objective of this review is to
highlight where tissue expansion is
most beneficial, and to review the
different expansion techniques used in
burns, along with their side effects and
complications. This will give the reader
an armamentary to choose from when
faced with the task of reconstructing

a post-burn defect; encouraging the
use of autologous tissue over synthetic
replacements.

The authors will discuss the use of
tissue expanders for the reconstruction
of scars obtained after a post-burn
injury. They will divide the discussion
into sections as per the anatomic area
involved in the expansion as well as
looking specifically at the paediatric
population.

HISTORY

Tissue expansion is not a modern
phenomenon. Perhaps the earliest
evidence of tissue expansion in response
to tension lies in the biomedical
ramifications of pregnancy. Another
natural example of tissue expansion is
obesity which, when followed by weight
loss, will, in most cases, lead to tissue
laxity and redundancy (LoGiudice and
Gosain, 2003).

Tribes in Africa and Central America
deliberately increase the size of their
lips and earlobes by ritualistically
wearing metallic and wooden rings of
increasing sizes, recognising that the
labial soft tissues and ear lobes can be
stretched to immense proportions by
slow mechanical stress. The people of
Thailand and Chad have also practised
the rituals of cervical and oral-labial
expansion, respectively, for centuries
(LoGiudice and Gosain, 2003).

The concept of soft tissue expandability
appeared as early as 1905 as a
concomitant and secondary result of
bone lengthening (femur) performed
by Codvilla. Unfortunately, the benefits
of this went unrecognised at that

time (Codivilla, 1904; Matev, 1970;
LoGiudice and Gosain, 2003). It was

not until 1957 that the concept of
tissue expansion in surgical practice
was first reported by Neumann, who
described expanding the periauricular
skin over a four-month period using a
subcutaneously placed rubber balloon
and an external port to fill the balloon
with air (LoGiudice and Gosain, 2003).
He then used the expanded skin to
reconstruct a traumatic ear lobe defect
in a 52-year-old man. As with many
great inventions, his work was treated
as anecdotal and generally forgotten.

In 1975, Radovan and Austad took tissue
expansion into a new era when they
independently developed the concept of
adjacent flaps by using a silicone implant
(Manders, 1984; Argenta and Austad,
1990; Ghalambor, 2007).

After presenting his experience with
breast reconstruction in 1976, Radovan
performed his first tissue expansion
procedure in 1982. His device contained
a self-sealing valve through which saline
was periodically injected to increase
the size of the prosthesis. He was the
first surgeon to gain extensive clinical
experience with this method since

he immediately started clinical trials
without undertaking previous animal
or laboratory studies (Radovan, 1982;
Nazerani and Motamedi, 2008).

During this period, Austad and Rose
(1982) was developing self-inflating
silicone prosthesis using osmotic
gradients driven by salt placed within
the expander. His work was mainly
experimental but critical to elucidating
the underlying physiological and
histological changes of tissue expansion
in the laboratory.

In 1981, Argenta et al were the first

to describe the application of tissue
expansion in the paediatric population,
for the treatment of neck contractures
in burn patients (Argenta et al, 1983b;
LoGiudice and Gosain, 2003). In 1984,
Manders et al reported the successful
reconstruction of nearly half of the
scalp area by expanded hair-bearing
tissue (Manders et al, 1984).

These small but important
advancements made tissue expansion
what it is today and paved the way for
future progress.
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KEY POINTS

» In tissue expansion, changes
occur in all tissue layers,
including the epidermis, dermis,
subcutaneous fat, muscle and
bone layers

» It is important to preserve
the capsule as it adds to the
blood supply of the flaps and
constitutes a smooth surface
between the flap and the
recipient site

» Patients with burns and defects
in hair-bearing areas present a
complicated issue
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PHYSIOLOGICAL CHANGES
Although the end result of tissue
expansion and the augmented tissues
caused by tumors, pregnancy and

other natural phenomena is similar, the
pathophysiologic changes underlying
these processes are different. In tissue
expansion, changes occur in all tissue
layers, including the epidermis, dermis,
subcutaneous fat, muscle and bone
layers. Expansion also affects the
lymphatic and blood vessels, both at the
macro- and micro-levels.

At the molecular level, several changes
occur in tissue expansion, including
the loss of elasticity to calmodulin

and keratins (Baker, 1991), an increase
in fillagrin, and changes to cellular
mechanisms, such as the cytoskeletal
system, extracellular matrix, enzyme
activation, secondary messages, and
ion channels.

These changes prove that the mechanical
strain of tissue expansion has an effect
on the different tissue layers. Studies of
the subject were pioneered by Baker and
complemented by several others (De
Filippo and Atala, 2002).

Prior to Baker’s experiments,
histopathological studies of the
expanded skin showed thickening of
all layers of the epidermis. The most
common was in the corneum and
granulosum layers (Austad et al, 1982).
This early thickening was originally
thought to be secondary to post-
operative oedema, especially since it
returns to normal within four to six
weeks, although some thickness may
persist for a period of months (Azzolini
and Riberti, 1991).

It was Austad and Rose (1982) who,
using tritiated thymidine integrated
into deoxyribonucleic acid (DNA),
concluded that the epidermis exhibits
increased mitotic activity early after
expansion begins, with a subsequent
spike in activity seven days later, and
that such mitotic activity occurs only
in the epidermis and does not involve
the dermis (Azzolini and Riberti,
1991). This shows the difference in
changes between the various layers of
the skin, reflecting macroscopically in
the elasticity and future malleability of
the skin.

HAIR

Hair follicles and accessory skin
structures are compressed and
redistributed during expansion but
show no signs of atrophy (Prakash et
al, 2006). A study conducted by Lee et
al (2000) demonstrated that hairs in
the expanded scalp have short telogen
cycles and show a significant increase
in the proportion of anagen to telogen
hair, which compensates for a further
reduction in the density of terminal
follicles. Consequently, slow tissue
expansion has been proposed in order
to conserve the integrity of the hair
follicle (Ramos, 2007).

Regardless of the processes used to
compensate for hair loss — which
involve increasing the proportion

of anagen to telogen hair, which
compensates for a further reduction
in the density of terminal follicles —
the result is a clear decrease in hair
density; a result of increased area with
unchanged hair follicle count (Prakash
et al, 2006). This finding is important
to consider while expanding ‘hairy’
tissues for use in areas of the body
that are both hairbearing and non-
hairbearing. It gives the physician the
option of transferring different types of
tissues while taking into consideration
the ethnic background, beliefs, and
preferences of the patient.

As for melanotic activity, this has been
shown to increase during the process
of expansion but usually returns

to normal after a few months (Van
Rappard et al, 1988).

In contrast to the epidermis, the
dermis, the hypoderm and muscle
layers become atrophic (Cherry et al,
1983) and new blood vessels are formed
within the expanded tissue (Johnson et
al, 1988). Thinning of the dermis and
flattening of the rete ridges is more
pronounced during the initial weeks
and usually persists for at least 36 weeks
after the expander is removed. It is

not affected by either the size or the
position of the expander. Thinning is
maximal near the dome of the expander
and minimal around its edges (Johnson
et al, 1988). Expanded tissue also
demonstrates a quantitative increase

in the collagen content of the dermis
but no change in the ratio of type I to



type III collagen (Knight et al, 1990). In
addition, there does not seem to be any
histologic difference in tissue expansion
between adult and paediatric patients
(LoGiudice and Gosain, 2003).

CAPSULE

The capsule is a collection of dense
fibrous connective tissue that forms
around the implant, and becomes
cellular over time (Leighton et al, 1988).
It reaches its maximum thickness at
two months after expansion and starts
developing well-organised collagen
deposition in bundles at three months
(Thomson, 1973).

It has been argued that the formation
of a capsule around the expander
masks the thinning of the dermis
clinically (Leighton et al, 1988). Thus,
the strength of the skin, manifested

by the collagen content in its dermis,

is slightly altered but strengthened by
the capsule formation, and can be used
safely in any part of the body, even with
a lower blood supply and higher risk of
infection.

The capsule is not at risk of dysplastic
changes although it may form
dystrophic calcifications during the
resolving phase of a hematoma, if one
should occur (Cherry et al, 1983). It

is important to preserve the capsule

as it adds to the blood supply of the
flaps and constitutes a smooth surface
between the flap and the recipient site
leading to the optimal adaptation of the
flap (Thomson, 1973; Cherry et al, 1983;
Leighton et al, 1988).

In an animal study followed by a
retrospective review of clinical cases,
Kovach et al (2008) demonstrated that
the thickness of the capsule can be
decreased by administering the expander
through a balloon-dissector-assisted
approach rather than an open dissection
approach. They also concluded that
expanders placed in a minimally invasive
way, i.e. by making small incisions

and using scopes, resulted in shorter
expansion times due to the ability to
institute immediate expansion. It also
improved expansion compared with
open placement (Kovach et al, 2008).

Among all the layers of the skin and
subcutaneous tissue, the adipose

layer was found to be most affected
by thinning (as much as 50% thinning
caused by the flattening of the
adipocytes and necrosis that takes
place compared with non-expanded
skin) (Cherry, 1983; Van Rappard et al,
1988; Leighton et al, 1988). This was
noticed during the early expansion
trials and was also supported by the
later studies that were conducted

on both pigs and humans (Cherry

et al, 1983; Van Rappard et al, 1988;
Leighton et al, 1988).

ATROPHY

Fat atrophy, although considered

to be a negative process in certain
instances — such as those that occur
after fat transfer for augmentation, or
fat necrosis in the subcutaneous tissues
after suturing a wound in different
layers — can be beneficial in tissue
expansion. It produces a flap that can
be transferred to a recipient site with
less fat content than the donor site,
and, thus, increases the reconstructive
options by giving a flap that is thinner,
which can be transferred to places that
would need thinner and less bulky flaps,
such as the face and neck.

Muscle also atrophies significantly
during tissue expansion and is replaced
by fibrous tissue (Van Rappard et al,
1988). This process occurs regardless of
whether the prosthesis is placed above
or below the muscle. Studies have shown
that muscle degeneration occurs and

the tissue is replaced with glycogen and
fibrosis. When expansion occurs under
the muscle layer, it has also been shown
that the muscle cells grow and that the
number of sarcomeres per fibre increases
as a response to the stress created

by stretching, thus inferring that the
expansion of the muscles is secondary to
growth (Van Rappard et al, 1988).

BONES

Bones are also affected by tissue
expansion. It has been shown that
there is a decrease in bone thickness
below the muscle and the expander.
This is compensated by an increase in
the thickness around the expander’s
periphery, thus keeping the bone
density unaffected (Van Rappard et
al, 1988). Because of the transient
relative ischaemia that occurs during
expansion, blood flow to the expanded
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burn-related
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tissues increases and new blood vessels
form close to the capsule (Azzolini and
Riberti, 1991).

CIRCULATION

Min et al (1987) used a pig model to
demonstrate that expansion of island
buttock flaps has no apparent negative
effect on the circulation of the flaps. On
the contrary, they observed an increase
in tortuosity and in the size of vessels
supplying the flaps.

The experimental research of Leighton
et al (1988) demonstrated that controlled
expansion in a pig model was able to
induce an increase in capillary density
and flow within a buttock flap. The
increase in blood flow within the
capillaries was found to be similar to
that of the ‘delay phenomenon’ through
the realignment of vessels, the closing

of cutaneous arteriovenous shunts,
neoangiogenesis, and the depletion of
neurohumoral vasoactive substances
activated by surgical trauma. Delay
phenomenon is a process whereby

the flap is elevated and kept on its
original bed, thus retaining some of its
blood supply and causing an increase

in capillary density and flow. This is in
addition to reorganisation of the blood
vessels, which improves flap perfusion
and prolongs ischaemic endurance (Pang
et al, 1986), making it more beneficial
than non-expanded tissues and synthetic
replacements when the risk of infection
is exponentionally higher.

Similarly, it has been shown that in a
pre-expanded radial forearm flap, the
circulation extended into wider areas of
the flap, as shown by cutaneous oxygen
tension measurements (Masser and
Michael, 1990). Electron microscopy also
revealed longer and thicker elastic fibres
and active fibroblasts with an abundance
of rough endoplasmic reticulum when
compared with normal specimens
(Diley et al, 1983).

In a study on rabbits, Er¢ocen et al
(1998) demonstrated a decrease in the
lymphatic flow in the expanded tissues.
However, the authors showed that the
mere insertion of the expander itself
resulted in this decreased lymphatic
flow as there was no difference in
lymphatic flow between expanded and
non-expanded (sham-operated) tissues.

The authors concluded that the tissue
expander itself reduces the lymphatic
flow regardless of expansion and that

it interferes with the formation of new
lymphatic vessels through its foreign
body effect, consequently causing
lymphostasis. They did not notice any
formation of lymphatic vessels in the
capsule which formed around the tissue
expander (Er¢dgen el al, 1998).

Thus, lymphatic drainage is not
improved in expanded tissues but,
nevertheless, the tissues are able to
withstand higher stresses (including
seromas and lymph accumulation)
than other alternatives, due to the
proven improved blood supply during
expansion.

SCALP

Unlike burns located in other areas of the
body, scalp burns can result in significant
burn-related alopecia (McCauley, 2005).
The hair is the most visible feature of the
scalp, and it is an inseparable element of
a person’s external appearance. A lack of
hair is a major aesthetic and emotional
problem for many. In some cultures
hair-bearing areas of the face and head
are regarded as signs of manhood

and, therefore, burns occurring in that
area of the body can be viewed as a
deformity (Gurlek et al, 2004; Leedy et
al, 2005; McCauley, 2005; Nazerani and
Motamedi, 2008).

Patients with burns and defects in
hair-bearing areas, the paucity of hair-
bearing skin and donor-site problems
mean that this is a complicated issue
(McCauley, 2005). Deep burns of the
scalp responsible for alopecia posed

a significant surgical challenge until
tissue expansion began to be used in
this area in the 1980s (Nazerani and
Motamedi, 2008).

The conventional reconstructive
methods used before the introduction
of tissue expansion, like rotational scalp
flaps, serial excision, microvascular flap
transfer and free hair transplantation
have many drawbacks, such as lengthy
hospital stays, flap necrosis and the
inability to cover major scalp defects
(Zaki, 1989).

Tissue expansion is the treatment
of choice for extensive problems,



like burns of the scalp (Figures 1-6),
because it addresses issues such as

the inextensibility of the scalp, the
convex geometry of the skull, and

the non-replaceable hair-bearing

area (Zaki, 1989). Another reason for
considering tissue expansion as the
technique of choice for post-burn
alopecia reconstruction is the fact that
it is the only procedure that allows the
development of normal hair-bearing
tissue to cover the areas of alopecia. It
can cover an area of scalp alopecia of
more than 50cm? with the use of only
one expander (Argenta and Marks,
2006; Voulliaume et al, 2007), and with
skin of the same color and hair bearing
properties as the tissue lost to the defect
(Gil et al, 2008).

The use of tissue expanders in plastic
and reconstructive surgery is so well
established for post-burn alopecia that it
is also being used for other applications
like androgenetic alopecia, traumatic
alopecia, male pattern baldness, and
congenital nevi (Maves and Lusk, 1987;
El-Saadi and Nasir, 2008). Furthermore, it
should always be indicated for the repair
of severe functional and/or aesthetic
injuries, although restricted to patients
with healthy skin amenable to regular
expansion and who are psychologically
stable (Leedy et al, 2005). Cost benefit
analysis and morbidity rates should
always be performed and compared with
other procedures (Leedy et al, 2005).
Finally, consideration must be given

to certain difficulties, such as limited
donor site, involvement of several

areas, patients who are emotionally
distraught, the need for repeated

Figures 1-3: A six-year-old boy eight
weeks after tissue expansion carried out
for burn scar alopecia.

Figures 4-6: Two weeks after removal of
the expanders and rotation of the flap to
cover the excised burn scar.

surgical procedures or the use of several
expanders and long-term treatment or
follow-up (Filho et al, 2007).

Subgaleal expansion shows typical
biphasic progress (pain followed by
loosening) (Voulliaume et al, 2007).
An initial period of uncomfortable
resistance is followed after few weeks,
by scalp loosening and destruction

of the barrier. Continuous and rapid
increase of skin expansion then takes
place (Voulliaume et al, 2007).

Prakash et al (2006), inspired by Edmond
and Padilla (1994) before them, raised
the issue of supragaleal expansion

in a study conducted on 13 patients.
They concluded that expanders can be
placed in the supragaleal plane instead
of the subgaleal plane, excluding the
tough galeal layer (Prakash et al, 2006).
However, Prakash et al’s findings were
debated by others (Ramos, 2007). For
example, Ramos believes that ‘galeal tissue
is important to protect the integrity of the
hair follicles, preserving their circulation
during the procedure and the expansion’ In
the same correspondence he mentions that
the excessive bleeding that occurs in a non-
avascular plane, such as the subgaleal one,
may lead to more reactive tissue around
the prothesis. Moreover, this will lead to
the cauterisation of vessels, causing injury
to the hair follicles and local alopecias
(Ramos, 2007).

To summarise, tissue expansion techniques
have become safe and successful in treating
post-burn alopecia of the scalp (Zuker, 1987,
Buhrer et al, 1988; ). Although the technique
has some disadvantages, such as the need to
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perform two operations, frequent injection
of fluids, transient but definite discomfort
experienced with expansion and contour
changes during the latter stages that may
limit the patient’s social interactions, and
consequent emotional disturbances, several
advantages have been proven. These
include faster closure, fewer operations and
decreased total length of hospitalisation
(Zuker, 1987; Buhrer et al, 1998).

TRUNK

The trunk is considered an ideal place for
harvesting tissue (expanded or not) due to
its large area and its proximity to other body
surfaces. It is also the area least affected

by burns, partly because of the protection
offered by clothes (Tempest and Atkins,
1958). Nevertheless, reports of burns
affecting the majority of the trunk surface
area have been described in the literature
and methods of reconstructing the post-
burn sequalae have been proposed, such as
the use of tissue expanders placed in various
areas of the trunk, or the sequential excision
of burn scars.

BREAST

In 1980, Bishop et al addressed burns to
the female breast by using expanded tissue
above the latissimus dorsi to reconstruct
defects with a musculocutaneous flap. This
resulted in a better aesthetic outcome and
a shorter hospital stay. Bishop et al (1980)
also concluded that the use of the latissimus
dorsi flap without tissue expansion is a
useful way of reconstructing circular burns
of the whole trunk. This technique was
questioned by MacLennan et al in 2000,
when they argued that primary closure

of the donor site in these cases could be
problematic and promoted the use of
tissue expansion over the donor areas
before reconstruction (Bishop et al, 1980;
MacLennan et al, 2000).

On the other hand, Argenta in 1983
placed expanders under the pectoralis
muscle in patients with burn injuries that
had caused a malformation of the breast,
a method which was also utilised by
MacLennan et al for the reconstruction of
breast deformities (Argenta et al, 1983a;
MacLennan et al, 2000).

Furthermore, in 1984, Radovan concluded
that breast reconstruction is an area in
which the use of tissue expanders has
been of greatest benefit. The use of tissue
expanders in the reconstruction of breast

deformities has been studied by several
surgeons such as Loss et al (2002), Still et al
(1998) and Pitanguy et al (2002), who used
conventional techniques with serial tissue
expansion. It was not until the early 2000s
that new techniques and modifications for
the reconstruction of post-burn sequelae of
the chest area were introduced.

Although expanders have been extensively
used for the reconstruction of breast
deformities, they have also been placed for
reconstruction of epigastric, abdominal
and back scars (Motameda et al, 2003;
Haik et al, 2007). In 2003 Motameda

et al described the use of expanded
occipito-cervico-pectoral flaps for the
reconstruction of severe burn scars to

the neck, shoulder and back in a patient
whose chest area was not burned
(Motameda et al, 2003). This study was
supplemented by several others who

used tissue expansion to create flaps
covering local defects, sometimes with
the overexpansion technique and at other
times using multiple expanders. All came
to the conclusion that it is easier to expand
tissue in the abdomen than in the back
(Haik et al, 2007).

For the reconstruction of burns

in the epigastric area, which affect

the inframammary fold, a reverse
abdominoplasty’ technique was used by Haik
et al (2007). This technique encompasses

the expansion of the lower abdominal

skin, locally advancing it to the epigastrum

to cover the scarred area with tissue of
similar characteristics (Haik et al, 2007). As
mentioned earlier, several techniques have
been used to harvest tissue from the trunk
for the reconstruction of the face and neck
areas in addition to the extremities. These
include the prefabricated thin flap using the
transversalis fascia as a carrier, as described
by Kimura et al (2001) and the pre-expanded
distant ‘super-thin’ intercostal perforator flaps
for facial reconstruction that does not require
microsurgery, as described by Lu et al (2006).

EXTREMITIES

Unlike in other areas of the bodly, tissue
expansion in the extremities (Figures
7-13) has been used for the treatment of
functional, rather than aesthetic, purposes
(Ghalambor, 2007).

The most common indication for tissue
expansion in the extremities is the removal
of disfiguring and function-limiting scar



tissue after surgery, trauma, burns, tattoos
and giant nevi (Van Beek and Adson, 1987).
Whether or not the complications of tissue
expansion in burn patients are higher in the
extremities than in other body areas is still
controversial (Argenta, 1984; Mackinnon
and Gruss, 1985; Jackson, 1987). Different
authors describe different rates of burn
complications in the extremities and other
parts of the body. Maybe this is due to the
heterogeneity of the mechanism of injury,
the percentage of injury and other factors.
This remains unproven.

Some authors concluded that complications
were more common in the lower
extremities (40%—60%), compared with the
upper extremities (10%—45%) (Argenta,
1984; Mackinnon, 1985; Jackson, 1987). On
the other hand, in 2007 Filho et al stated
that the rate of complications with tissue
expansion for treatment of burn sequelae
ranged in the literature from 7.3% to 24.5%,
with the most frequent locations being the
head and neck followed by lower limbs
(Van Beek and Adson, 1987; Almeida, 2001;
Nakamoto et al, 2001; Pitanguy, 2002).

Absolute complications necessitating
termination of the expansion process
range from 12.0% to 85.3% and relative
ones between 14.6% and 32.0%
(Pitanguy, 2002).

Higher rates of complications in the
extremities are attributed to the terminal
nature of the vascular and lymphatic supply,
which does not tolerate compression or

undermining (Mackinnon and Gruss, 1985).

A typical complication is nerve entrapment,
whereby the tissue expander decreases the
blood supply to the underlying tissues or
even cuts it off (Bauer et al, 1990). Thus the
need for proper patient selection becomes
important (Chun and Rohrich, 1998).

In the lower limb, as previously mentioned,
more complications are seen with tissue
expansion (Argenta, 1984; Mackinnon and
Gruss, 1985; Jackson, 1987). Expansion is
better tolerated in the thighs than below the
knee and the foot. This might be due to the
fact that the vascularity in the thigh is higher
in contrast to the leg (Mackinnon and
Gruss, 1985). As mentioned before, crush
injuries below the knee or burns involving
greater than 50% of the extremity are also
associated with expansion failure (Levin
etal, 1997). With good patient selection
and by applying a slower expansion rate,

tissue expansion in the extremities can be
considered a safe and effective method

for the reconstruction of defects and
contractures caused by post-burn sequelae.

PAEDIATRICS

Although tissue expansion in the
paediatric patient is derived from the
same basis as in adults, some differences
in the operative procedure, complications,
psychological effect and other aspects
make expansion in a paediatric burn
patient more difficult (Friedman et al,
1996; Hudson et al, 2000).

It is also important to note that contractures
caused by burns might result in skeletal
deformities in a growing body (e.g. distorting
facial features in repose and during
animation, and altering the growth and
development of the mandible and spine) and
may also alter speech and normal functional
development (Hudson et al, 2000).

Neale et al's 1993 study, along with a
previous study conducted by the same
author (Neale et al, 1988), conclude that
the rate of complications when using tissue
expanders was highest in the neck. The
authors also concluded that tissue expansion
post-burn injury in the paediatric age group
resulted in the least amount of contractures
and donor site morbidity but, nevertheless,
it advised that alternative methods (direct
excision and non-expanded flaps) might
achieve the same results (Neale et al, 1993;
Neale et al, 1988).

Expansion techniques have also been used
in the reconstruction of post-burn scalp
alopecia in paediatric patients (Buhrer et al,
1988; Silfen et al, 2000; Oh et al, 2007). In
the past, the process of serial excisions and
flap use was tedious and required several
operations for the removal of a small (15% of
the hair bearing scalp alopecia) defect with a
long hospital stay of around 13 days and an
overall process duration of two years.
Tissue expansion has been shown to reduce
hospital stays to eight days and to decrease
the length of the process and the number
of operations compared with serial excision
techniques. The technique could also be
used for larger defects (Buhrer et al, 1988).
Buhrer et al went further to modify the use
of the expanders by increasing their size,
hyperexpanding them and using multiple
expanders at once (Buhrer et al, 1988).
Several studies have stressed the fact that
the major difference between the adult

Figure 7: Healed thigh wound covered
by split thickness skin graft following
trauma sustained in childhood.

Plans for placement of two expanders
(laterally and medially) are made.

Figure 8: Tissue expansion near
completion.

Figure 9: Tissue expansion allowed scar
revision with complete excision of the
skin graft.

Figure 10: Final result at one
month post-operatively. Further
contour correction of the left thigh
was subsequently achieved with
autologous fat injection.
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and the paediatric burn population is the
psychosocial changes a person experiences
(Long and Cope, 1961; Neale et al, 1993;
Long and; King, 1997; LeDoux et al, 1998;
Silfen et al, 2000).

In 1993, Neale et al stated that even a
modest improvement of facial burn
scarring made a tremendous psychological
difference to children who are forming
their body images (Neale, 1988). Silfen et al
added in 2000 that repeated hospitalisation
is traumatic for every child (Silfen et al,
2000). Others also attested to the deleterious
psychological effects that burns have on
children (Long and Cope, 1961; LeDoux
etal, 1998). It has also been reported that
psychological and psychosocial adjustment
after a burn is not necessarily directly
related to the severity of injury, but to its
location, and that 10-40% of burnt patients
experience long-term psychological and
psychosocial problems (Long and Cope,
1961; LeDoux et al, 1998). This is especially
true when the burned areas are exposed
(King, 1997; Robert et al, 1998).

In addition to the psychological side effects,
and like any other process in the treatment
of a paediatric patient, it is also important to
take into consideration the commitment of
the family and how this might affect patient
compliance. Compliance is a crucial factor,
especially in tissue expansion, where several
visits would be needed for the inflation of
the expander and post-operative flap follow-
up (LeDoux et al, 1998).

As for the effect of age on the complication
rate in tissue expansion, Gibstein and

his colleagues (1997) found in a series of
105 patients that children aged between
one and 12 years were at higher risk of
developing expander-related complications
than infants and adolescents because of

a higher risk of disrupting or deflating

their expanders. Another series looking

at children undergoing tissue expansion
between the ages of eight months and 15
years found that children under the age of
seven were at higher risk of complications
(Friedman et al, 1996).

Thus, when considering paediatric tissue
expansion, there are several issues that are
different from the adult procedure (Long
and Cope, 1961; King, 1997; Zeitlin, 1997;
LeDoux et al, 1998; Robert et al, 1998).
Firstly, anxiety is higher in children (Long
and Cope, 1961; LeDoux et al, 1998).

Secondly, the compliance of the child is
determined by the commitment of his or
her caregivers (LeDoux et al, 1998). Thirdly,
the need for patient and family education

is paramount, and the involvement of child
life specialists may be beneficial (LeDoux et
al, 1998). Finally, the disfiguring process of
tissue expansion might have the potential
to cause short- or long-term psychological
sequelae (LeDoux et al, 1998).

FACE AND NECK

It is not surprising that burns to the face and
neck, regardless of their size and location,
always have worse physical and psychologic
sequelae than in any other area of the body
(Argenta et al, 1983b; Neale, 1993; Chun
and Rohrich, 1998; Grevious et al, 2008;
Motamed et al, 2008).

Physical sequelae can be classified into
functional and aesthetic (Gil et al, 2008).
Functional sequelae arise from the
contractures and include a limitation in the
range of motion of the neck, kyphoscoliosis,
airway problems, oral incontinence,
drooling, inability to phonate properly,
ectropion, dental imbalance, and the
inability to express emotions adequately (Gil
etal, 2008).

Aesthetic sequelae include loss of facial hair,
bony and cartilagineous deformation, loss of
the aesthetic units (the face is classified into
various aesthetic units), in addition to the
creation of asymmetry (Gil et al, 2008).

The aforementioned sequelae of burns
tend to overshadow the less prominent
psychological effects that should not be
ignored in the evaluation of a patient with a
face and neck burn (Gil et al, 2008).

Although psychological changes occur in
every patient with a burn injury, studies
have shown that these are greater when the
injury occurs early in life, and in an exposed
area that is crucial to daily life activities and
social interactions (Gil et al, 2008).

Subsequently, the management of burn
scars in the face and neck are the most
challenging for a plastic surgeon, partly
because of the causes mentioned above

but also, for example, because the lack of
tissues available for reconstruction might
make it a challenging process (Nazerani and
Motamedi, 2008).

Also, in some cultures (such as those
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considered a sign of manhood (Nazerani S upe rabsorber Dressin g
and Motamedi, 2008).

Reconstruction is very difficult because of
the unique type, thickness and orientation
of the facial hair (Nazerani and
Motamedi, 2008). To make the picture
more complicated, the surgeon may find
him or herself excising normal (though
precious) tissues in order to reconstruct
the involved areas as complete aesthetic
units (Sniezek et al, 2000). Thus it is
imperative that the surgeon takes these
factors into account when planning
treatment in order to manage the
expectations of the patient and optimise
the outcome (Sniezek et al, 2000).

Certain general guidelines should be
followed when using tissue expansion in
reconstructing the face and neck area to
avoid complications (Sniezek et al, 2000).
For example, avoiding vertical scars in the
neck area will prevent linear contractures SaV| n gS
and maintain a better range of motion.
Advantages of tissue expansion over split/
full thickness skin grafts in the neck/face
area include (Sniezek et al, 2000):
» Reconstruction with tissues of similar

consistency, colour and thickness
» Tissue expansion tends to thin the tissue

that needs to be transferred to the neck

or face, making it physiologically similar TO S p ea k to a

to the recipient skin
» Tissue expansion results in .

reorganisation of the skin components, t

decreasing the risk of contraction of the C u S O m e r Se rVI CeS

transferred tissue (being a flap or a skin

raft), resulting in a better outcome t -t. I |

» z%X/hen expanding scalp tissue and re p rese n a Ive Ca

transferring it to reconstruct the hair-

bearing areas of the face, expansion

would result in a decrease in the density O 1 5 09 61 1 61 1

of the hair follicles rendering it closer to

the facial hair pattern.

COMMON QUESTIONS

‘What is the optimal timing of tissue
expansion for reconstructing face and
neck burns?

Sniezek et al (2000) suggested that
‘immediate surgery is indicated for
debridement of acute chondritis, covering of
critical structures that become exposed (i.e. \
cornea) or when the scar limits function and @
is not responsive to conservative measures. ) @
Otherwise, all other reconstructive surgeries hich exudate
should be delayed until wound healing is
complete and scars have matured.
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Figure 11: Burn scars on both upper
medial area of thighs.

Figure 12: Scar revision of the right
thigh planned following expansion. of
the lateral thigh. Skin expansion was
not necessary for revision of the left
medial thigh scar.
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Figure 13: Final result four months
postoperatively.

What is the optimal shape of the
expander to be used? How can we
estimate the size to be used and the
position of insertion?

It is now clear beyond any doubt that

the rectangular shaped expander gives

the maximum volume of expansion and
the maximum amount of tissue to be
transferred. However, in the head and neck
areas, tissue loss is usually irregular and the
topography of the area to be expanded may
be convex/concave (Sniezek et al, 2000).

In these areas a circular or semi-lunar
expander might be preferred (Sniezek et al,
2000).

Jackson et al (1987) argue that the
placement of the inflation port externally
resulted in lesser complications (since
less dissection was needed) and easier
expansion, since it can be performed

by any caregiver. Others suggested that
the placement of an external port led to
a higher rate of infections related to the
expander (Hromadka et al, 2010).

On the other hand, Lasheen et al
suggested the use of an external tissue
expander in head and neck reconstruction
using negative rather than positive
pressure to induce the expansion

process and argued that this avoided the
complications found in internal tissue
expansion (Lasheen et al, 2009).

Hudson and Arasten (2001) reported

that serial expansion was associated with

a high rate of complications and that the
expansion was slow and little advancement
was achieved each time. On the other
hand, advocators of the over-expansion
technique argued that over-inflation
(especially of a small expander) yielded

better results (Hafezi et al, 2009). They also
argued that using a small expander would
be better than over-inflating a larger one
due to the need for less dissection during
the placement, and a resulting reduction

in widening of the scar. This method yields
more excess skin compared with the use of
a larger prosthesis (Hafezi et al, 2009).

In order to achieve skin quality that is as
close as possible to the skin to be replaced
in colour, thickness and consistency, tissue
should be harvested from adjacent sites,
which lie mainly in the supraclavicular
area and have the same colour and texture
(Pallua and Von Heimburg, 2005; Margulis
et al, 2007; Pallua and Demir, 2008).

But in some cases, the burn involves

the entire head and neck area, thus the

use of expanded tissue from other sites
(with certain modifications) needs to be
considered (Birgfeld and Low, 2006; Gao et
al, 2007).

This tissue can be transferred as an island
flap (Pallua and Demir, 2008), free flap
(Takushima et al, 2002; Birgfeld and Low,
2006), or as an expanded full thickness skin
graft. The tissues can also be prefabricated
to reconstruct complex structures, such as
the nose, ear or mouth (Pribaz et al, 1999).
This involves placing tissue under the

flap before transferring it to the recipient
site. An example would be the placement
of a cartilage graft under the flap before
transferring it to the nose.

CONCLUSION

It is clear that tissue expansion techniques
have been instrumental in the development
of reconstructive procedures.

They have been particularly successful in
treating post-burn alopecia of the scalp,
since they can overcome the difficulties
posed by the inflexible nature of the scalp,
the convex shape of the skull and the non-
replaceable hair-bearing area.

In fact, tissue expansion allows for
quicker closure and fewer operations that
alternative methods for treating post-burn
alopecia.

The second part of this review will detail
the different expansion techniques, as well
as looking at the complications and side-
effects involved.



