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APPLICATION OF THE BALLOON SKIN EXPANSION METHOD IN PEDIATRIC
RECONSTRUCTIVE SURGERY
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The article describes the treatment of children with vast scar deformities and extensive benign soft tissue neoplasms. The method
is presented in a clinical case of successful skin restoration using balloon skin expansion. The opinion and recommendations
of the authors on optimal treatment of these defects and decrease of possible complications using laser Doppler flowmetry
for evaluation of the state of microcirculation in the skin flap are based on the results of the long-term use of this method in the
Department of Reconstructive and Plastic Microsurgery of Filatov Children’s Municipal Clinical Hospital No.13.
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The method of balloon skin expansion, first proposed by an
American scientist C. Newman in 1957, has been successfully
used in plastic and reconstructive surgery. The method is
based on such properties of normal soft tissues and skin as
elasticity and growth potential. It was described by a number
of Russian and international authors. The scientists showed the
advantages of this method [1-6].

An expander is a device for temporary implantation under
the skin, which increases and stretches when filled with fluid.
After attaining enough tissues, the expander is removed and
the obtained stock of tissues is used for grafting. Expanders
differ by size, profile, shape (round, oval, rectangular, in the
form of a half-moon) and volume to which they can stretch.
All expanders, both domestic and foreign, have a certain
mandatory set of constructional elements and consist of bio-
compatible materials — silicone or latex. A balloon formed by
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a thin elastic membrane (smooth or textured) and a filling valve
are compulsory constructional elements of expanders. The
volume of the expander varies from 3 to 2000 ml. There are
expanders with a high and low profile and with a strengthened
base which allows stretching tissues in strictly given direction.
Expanders with textured surface have a number of advantages:
the fibrous capsule formed around them is more elastic; they
do not shift and have a built-in valve. Comparing intratissue
expanders in use, it may be noted that latex ones have a higher
expansibility degree, while silicone expanders have higher
strength properties with virtually the same biological response
of surrounding tissues to both materials [1, 3-10].

Recently, the balloon skin expansion method has been
widely used in pediatric plastic surgery for treatment of
cicatrical deformities in the area of face, neck, trunk and limbs.
Patients with benign neoplasms of complicated anatomical



location constitute a sizable group of patients in which a single-
stage radical surgical removal of the neoplasm cannot always
be performed. Therefore, such patients need long-term staged
treatment frequently resulting in forming vicious cicatrix of soft
tissues replacing tumor tissue. A separate group of patients
is composed of children with cicatrical alopecia arising from
injuries, burns or purulent inflammations. Cicatrical defect and
cicatrical alopecia are serious cosmetic issues causing a patient
constant distress, and in adolescence they provoke disturbance
of social adaptation of a child among peers [3-5, 10].

For now, many morphological, histological and functional
aspects of tissue endoexpanders have been studied. The
studies of stretched skin flaps carried out in animals and
humans showed that minor changes occurred in epidermis
during tissue stretching. Using laser Doppler flowmetry, it was
found that during expansion in the process of stretching, skin
perfusion did not decrease but on the contrary did increase.
This indicates that skin vessels participate in expansion.
It is very likely that the vascular system is the main factor
determining the degree of soft tissue stretching. Blood supply
in a flap formed using the expander is effected on account of
increase of vascularization of border zones and neoformation of
vessels in the flap, their adaptation to stretching and formation
of a vascular-fibrous capsule. In as little as several days after
start of expansion, increase in the number of arterioles and
venules occurs [1-5, 11-13].

The method of balloon skin expansion has been used in the
Department of Microsurgery of of Filatov Children’s Municipal
Clinical Hospital No.13 since 1993. A solid experience has
been accumulated in treatment of patients with alopecia,
deformities, and skin and soft tissue congenital abnormalities.
Additional instrumental methods of control of the state of
the skin flap above the expander has been developed and
embedded in practice, a mathematical method of calculation
of the area of each flap has been developed which led to
decrease in the number of complications and expansion time.
53 patients at the age from 1 month to 17 years were treated
in the Department. Among them were 23 children (15 girls,
8 boys) with posttraumatic alopecias of the hairy part of the head,
19 children (12 girls, 7 boys) with extensive benign neoplasms
of soft tissues, and 11 adolescents with scrotum hyperplasia.

Clinical case

A female patient Sh., 5 years old, was admitted to the
Department of Microsurgery of Filatov Children’s Municipal
Clinical Hospital No.13 with soft tissue necrosis of the parieto-
occipital area.

The child was bitten by a dog 1 month before admission.
The initial surgical debridement of the wound of the parieto-
occipital area was performed in a primary care facility. Later the
necrosis of the skin flap of the parieto-occipital area developed
(Fig. 1). In the Department of Reconstructive and Plastic
Microsurgery, the necrectomy and free dermatoplasty were
performed (Fig. 2).

As a result of the treatment, the wound defect was fully
closed, the free skin flap showed signs of full recovery; however,
later alopecia of the parieto-occipital area was formed with the
size of 15.0 x 15.0 cm (Fig. 3, 4).

Six months later the tissue latex endoexpander was
implanted. The endoexpander was manufactured in the
Scientific Research Institute of Rubber and Polymer Goods
(Russia) (Fig. 5). Filling of the expander began on postoperative
day 14 after removal of sutures. The expansion was carried
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out using 10-20 ml sterile saline solution 2 times a week
under control of laser Doppler flowmetry. Two months after
installation of the expander, when maximum volume was
achieved and the required stock of plastic material was formed,
surgical treatment was performed — the removal of the tissue
endoexpander and skin grafting with local tissues. As a result
of the treatment, we managed to eliminate the alopecia patch
in the right parietal region (Fig. 6).

Subsequently, the balloon skin expansion was repeated
twice in this patient, and 1.5 years after the start of the
treatment, the alopecia in the parieto-occipital region was fully
eliminated (Fig. 7, 8).

DISCUSSION

The cosmetic result of treatment was evaluated as good. The
alopecia patch was fully eliminated. Postoperative scars were
normotrophic. Turgor and sensitivity of the skin flap above the
expander were retained.

Application of tissue expanders in each patient requires
accurate preoperative planning in selection of shape, size,
profile, expander volume and the number of expanders. It is
necessary to assess localization, size and configuration of a
skin lesion subject to excision, to choose nearby zone or zones
of normal soft tissues which expansion will allow achieving an
excess sufficient for transplantation in the form of a local flap
and closing of a tissue defect without tension. It is necessary to
make sure that scar tissue incapable of stretching and growing
adequately does not get into a zone of planned expansion;
otherwise it will lead to non-uniform skin expansion, suture line
disruption, exposal of the expander and development of local
infection. It is also important that a surgeon should take into
account individual skin traits of a patient in advance [1, 2, 6,
11,12, 14, 15].

Tissue necrosis over the expander is one of the most frequent
complications of the described method. The skin expansion
under control of laser Doppler flowmetry may decrease the
number of such complications. Using laser Doppler flowmetry,
it was found that the indices of perfusion oxygen saturation in
blood and specific consumption of oxygen in tissues increase

Fig. 1. Female patient Sh., 5 years old. Necrosis of the skin flap of the parieto-
occipital area
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Fig. 2. Female patient Sh., 5 years old. Surgery stages: (A) Removal of the necrotic skin flap of the parieto-occipital area.; (B) Free skin grafting from the anterior
abdominal wall; (C) the wound defect is fully covered with the skin flap

Fig. 3. Female patient Sh., 5 years old. Clinical photograph taken 14 days after Fig. 4. Female patient Sh., 5 years old. Alopecia of the parieto-occipital region
surgery. The wound defect is fully closed, the full engraftment is observed

v"

Fig. 5. Female patient Sh., 5 years old. The tissue endoexpander implanted in Fig. 6. Female patient Sh., 5 years old. Clinical photograph after elimination of
the right parietal region alopecia in the right parietal region

BULLETIN OF RSMU | 5, 2016 | VESTNIKRGMU.RU




3 - - /A\
Fig. 7. Female patient Sh., 5 years old. Clinical photograph after implantation of
two tissue endoexpanders

during expansion regardless of shape and size of the expander
as well as of its localization and the number of endoexpanders
implanted in the same anatomical region [1, 2, 4, 5, 15, 16].

CONCLUSIONS

There are different options of surgical repair of skin and
surrounding tissues: local flap grafting, local grafting with
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