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ABSTRACT

This paper reviews the various aspects of tissue regeneration during the process of tissue expansion. 
“Creep” and mechanical and biological “stretch” are responsible for expansion. During expansion, 
the epidermis thickens, the dermis thins out, vascularity improves, significant angiogenesis occurs, 
hair telogen phase becomes shorter and the peripheral nerves, vessels and muscle fibres lengthen. 
Expansion is associated with molecular changes in the tissue. Almost all these biological changes 
are reversible after the removal of the expander.This study is also aimed at reviewing the difficulty in 
deciding the volume and dimension of the expander for a defect. Basic mathematical formulae and 
the computer programmes for calculating the dimension of tissue expanders, although available in 
the literature, are not popular. A user-friendly computer programme based on the easily available 
Microsoft Excel spread sheet has been introduced. When we feed the area of defect and base 
dimension of the donor area or tissue expander, this programme calculates the volume and height 
of the expander. The shape of the expander is decided clinically based on the availability of the 
donor area and the designing of the future tissue movement. Today, tissue expansion is better 
understood biologically and mechanically. Clinical judgement remains indispensable in choosing 
the size and shape of the tissue expander.
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INTRODUCTION

Tissue expansion is one of the greatest innovations 
of the 20th century in plastic surgery. When 
Radovan, 1982, presented his experience of breast 

reconstruction using tissue expansion in 68 patients, the 
late William Grabb predicted that “tissue expansion will 
have a major impact in reconstructive surgery”.[1] This 
prediction has become a reality and, now, the tissue 
expansion has become an essential part of the surgical 
armamentarium of most plastic, reconstructive and 
aesthetic surgeons.

Historically, surgical tissue expansion was first reported 
by Neumann.[2] He expanded the skin above the ear for 
coverage of the cartilage graft for reconstruction of 
a subtotally avulsed ear. This was based on the simple 
argument that abdominal wall and breast enlarge many-
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fold in pregnant women but still maintain their normal 
thickness and skin appendages.

Innovation by Radovan opened a new vista.[1] Tissue 
expansion was initially used for head and neck 
reconstruction, but now is being used in almost every 
part of the body. Tissue expansion enlarges the existing 
tissue, maintaining its colour, texture, hair-bearing 
qualities and innervations; hence, this technique is suited 
the most for head neck region and breast. 

Choosing an expander for a specific defect still remains a 
grey area. There are many mathematical, geometrical and 
computer-based models for calculation of the required 
expansion for choosing the correct expander size. They 
will be reviewed and discussed and a new user-friendly 
computer programme to help choose the optimum size 
of the expander will be presented.

BIOLOGICAL PROPERTY OF THE SKIN 
LEADING TO TISSUE EXPANSION

It was the curiosity of the surgeons as well as the 
scientists, which led to investigations into the changes 
that tissue expansion causes in various tissues. Extensive 
studies have been carried out on the effect of tissue 
expansion on the skin, nerve, muscle and bones.

Viscoelastic property
Tissue expansion involves a combination of creep and 
biological stretch. In “Creep”, when a constant force is 
applied to stretch the skin, it continues to extend. In 
“Biological stretch”, the skin or any other tissue enlarges 
whenever a force is applied. In tissue expansion, the 
tissue is stretched without affecting the quality of the 
original tissue. If the force is too much or applied too fast 
then the dermis will rupture, resulting in striae formation. 
Argenta (1984) observed the softening of the overlying 
skin within 24–48 h of injection into a tissue expander. 
This indicates the role of “Creep” in expansion.[3] 

BIOLOGICAL EFFECT OF TISSUE EXPANSION

When the skin is expanded using a tissue expander, 
the epidermal thickness increases. However, after 
removal of the expander, the epidermal thickness 
gradually returns back to normal after 4–6 weeks. The 
pilosebaceous elements are well preserved, although 
they may be compressed on histological examination. 

Hyperpigmentation is noticeable because of hyperactivity 
of melanocytes during expansion’ however, it returns 
back to normal slowly after removal of the expander.[4]

Histologically, the maximum pressure effect of tissue 
expansion is seen in the dermis. During expansion, 
the dermis becomes thinner. A dense fibrous capsule is 
formed around the expander that progressively increases 
till the expander remains in vivo. This is in response to 
the presence of the foreign body (tissue expander) under 
the skin envelope. Contractile myofibroblasts have been 
demonstrated in deep dermis adjacent to the capsule and 
within the capsule. It is hypothesized that the contraction 
of the expander capsule is akin to wound contraction. 
The magnitude of capsular contracture decreases over a 
period of time because of the intraluminal pressure in 
the expander. The risk of contraction increases in case 
of infection and/or exposure of the implant.[5] There is 
increased metabolic activity, increased collagen synthesis 
and the elastin fibres become altered and fragmented.[6] 
Mitotic activity of the fibroblast is maximum during the 
initial period and, later on, it progressively decreases. After 
removal of the expander, the dermis thickness returns 
back to normal and the capsule slowly disappears. Tissue 
expansion of hair bearing scalp shortens the telogen 
phase, probably because of active epidermal mitosis.[7] 

When the expander is placed over a muscle, a depression 
forms after removal of the implant, which Radovan 
labeled as “bath-tub” depression. This deformity is due 
to temporary compression of the muscle and is not the 
effect of muscle atrophy,[8] and later Gur et al. in 1998 
demonstrated that the muscle undergoes significant 
atrophic changes because of long-standing pressure 
of the expander. Focal muscle fibre degeneration  
with glycogen deposits has been histologically 
demonstrated.[9] When the expander is removed, the 
histological architecture of the muscle, vasculature and 
its functions return to normal.

Surgeons have attempted to expand the Tensor Fascia 
Lata muscle. The expansion of skeletal muscle preserves 
the histology of the muscle. The average number of 
sarcomeres in the muscle fibres increases significantly. 
The vessels become longer with the development of the 
arterial network. These findings suggest that increase in 
the muscle length following tissue expansion is due to 
the biological growth process.[10] It has been observed 
that adipose tissue undergoes permanent atrophy to the 
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of the expander. Overall enlargement of the tissue is used 
for resurfacing the defect. The biological effects of tissue 
expansion have been enlisted in Table 1.

IS IT A “DIVIDEND” OR A “LOAN”?

The following factors contribute to the enlargement of 
the skin during tissue expansion:

Initially, there is a significant movement of the adjacent 
skin over the expander.[19]

Increased mitotic activity in the skin over the expander 
has been demonstrated using video-radiographic  
studies.[19]

Biological growth of the tissue by cell proliferation is 
responsible for reducing the tension applied by the 
expander. Gradually, the tension reduces to the resting 
level, indicating a process of biological creep.[20]

Based on these observations, Austad et al., 1986, 
concluded that tissue expansion is a net “dividend” of 
tissue gained.[21]

EXPANSION OF TISSUES OTHER THAN THE 
SKIN

Success of the expansion of the skin encouraged some 
innovative surgeons to use the same principle for 
the enlargement of other tissues experimentally and 
clinically. There are very interesting observations and 
findings reported in the literature. In an experimental 

extent of 30–50% with loss of fat cells due to the pressure 
caused by the tissue expander.[11] 

The effect of expansion has been studied in an 
experimental model. The expander causes thinning of the 
cranial bone under the expander due to direct pressure 
effect. However, the bone density remains unaffected.[12] 
Usually, a periosteal inflammatory reaction is observed in 
the margin of the expander. Clinically, the cranial bones 
are deformed more often than the long bones due to the 
pressure effect of the expanders. Such bony deformities 
caused by an expander return back to normal after 
removal of the expander balloon.

Calvarial resorption directly under the expander was 
noted in two adults during forehead expansion. This 
was noticed after removal of the implant, resulting in a 
conspicuous skeletal deformity.[13] In children, periosteal 
reaction was the most frequent change. Bone resorption 
and thinning occurred in a large number of patients, 
and downward displacement was observed in a few  
patients.[14,15] 

Effect on vascularity
The expanded skin is more vascular than the normal 
adjacent skin. This has been shown experimentally and 
has also been observed clinically by most of the surgeons.
[16] The flaps raised out of the expanded skin and hence 
have better chances of survival.[6] 

Increased vascularity is partly because of the presence of 
the capsule. The pattern of vascularity in the expanded 
skin is comparable to that of the delayed flaps.[16] An 
expanded flap may also be labeled as a delayed flap.

Temporary hypoxia caused by the pressure of the 
expander is one of the explanations for the increase in 
vascularity or angiogenesis. A significantly higher number 
of the expressing vascular endothelial growth factor 
has been observed in the expanded skin as compared 
with the unexpanded adjoining tissue. This has given a 
new dimension to the biological explanation of tissue-
expanded angiogenesis.[17] Overall, tissue expansion 
causes increase in the thickness of the epidermis, 
the dermis thins out, a capsule is formed around the 
expander, angiogenesis occurs, the vascularity of the skin 
improves and the underlying bone may get deformed. To 
summarise, mechanical stretching as well as biological 
growth occurs during tissue expansion. The histological 
normalcy is achieved in a few weeks time after the removal 

Table 1: Biological effects of tissue expansion
Thickening of epidermis
Thinning of dermis
Alignment of collagen fibrils
Shorter telogen phase of scalp hair
Improved vascularity
Bone deformation
Periosteal reaction
Lengthening of the skeletal muscle fibres
Atrophy of muscle fibres in long-standing expansion
Lengthening of peripheral nerves
Molecular changes[18]

Cytokines (VEGF)
Hormones
Adhesion molecules
Cytoskeleton
Signal transduction protein
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attempt to expand the saphenous neurovascular bundle, 
it was observed that the artery and the vein could be 
expanded rapidly by 140% within 4 days without causing 
thrombosis, disruption of blood vessels or any other 
complication. In spite of increased length of the vessels, 
the histological architecture remained normal, indicating 
smooth muscle cell proliferation in the subendothelial 
region and regeneration of endothelial cells.[22] In the same 
study, the expanded vessels were used for microvascular 
anastomosis and the patency rate was found to be equal 
to that in the un-expanded vessels.[22] This knowledge was 
expected to increase the application of tissue expansion 
on blood vessels and other tissues; however, this has not 
happened over the past 25 years.

Manders et al., 1986, attempted to elongate the median 
nerve in a case of neuroma. They also tried to use the 
principle of tissue expansion to enlarge the bowel, bladder, 
etc.[23]

Martini et al., 1998, used rapid intraoperative expansion 
of facial nerves for repair of a defect in the nerve. The 
functional results were comparable with that of the grafted 
nerve.[24] Ikeguch et al., 1998, expanded the ureter to use 
the tissue for augmentation of the urinary bladder in pigs.[25]

Tissue expanders have been used to expand the bony orbit 
in cases of congenital anophthalmos. It has been found to 
be safe and effective in increasing the bone growth and 
enlargement of the socket.[26]

Chudacoff et al., 1996, expanded bilateral labia majora to 
use the expanded tissue as flaps to line the neovagina in 
cases of vaginal agenesis.[27] 

Figure 1: Common types of tissue expanders used in clinical practice: 
spherical, rectangular, cylindrical and crescent shaped

ESTIMATION OF TISSUE REGENERATION 
WITH TISSUE EXPANSION

Most often, the choice of the tissue expander is 
arbitrary, and it is usually based on clinical judgement  
[Figure 1]. Attempts have been made to calculate the 
desired dimensions of the expander using computer 
programmes and mathematical calculations.

A computer programme was written in BASIC language 
for an IBM personal computer. This programme requires 
the diameter of the implant base and the desired surface 
area gain. The programme estimates the capacity of 
a spherical tissue expander.[28] Another computer-
aided programme based on C++ and linked by C++ 
compiler calculates the volume of a rectangular tissue 
expander after feeding the length and breadth of the 
lesion, considering them as the size of the base of the 
expander. Raposio and Santi, 1997, considered the base 
dimensions of a rectangular tissue expander as equal to 
the dimensions of the defect. They multiplied the surface 
requirement by 3/2 as a “correcting factor” to take care 
of the tissue loss during tissue transfer.[29] Patel in 1986 
contradicted Shively and presented a mathematical 
calculation to predict the desired volume and height 
of a spherical expander without the aid of a computer 
[Figure 2]. He opined that when an analytical calculation 
is possible then there is no need of a computer for these 
simple calculations.[30] The equations are as follows:
Ac = Ad +πr2 + area of rotation
V = 1/6 √Ad / π   (Ad + 3πr2)
h = √Ad / π    ≈   0.6√Ad               

Where “Ac” is the surface area of a convex surface of a 
sphere, Ad is the surface area of the recipient defect, “V” 
is the volume, “r” is the radius of the base and “h” is 
the height of the spherical tissue expander. The area of 
rotation is not taken into consideration as overestimation 
can be done while performing the final calculation.[30]

While presenting a mathematical modeling of tissue 
expanders, Duits et al., 1989, warned that these 
mathematical calculations estimate the surface area of 
the expander,[31] which may not exactly be the same as 
the area of skin gained because of the “stretch back” 
phenomenon presented by Nordstrom in 1984.[32] Duits 
et al. emphasized a very important factor that the area 
gained in a spherical tissue expander is related to its 
height and has no correlation with its radius/diameter.
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to Bhandari, 2009, the total surface area required for 
resurfacing the defect = surface area of the defect + 
surface area of the donor site + 20% of the defect and 
donor site surface areas.

The surface area gain using tissue expanders is debatable. 
In an in vivo model, it was found to be entirely different. 
The surface area gained in vivo was significantly less as 
compared with the in vitro model and that determined by 
the mathematical calculation.[33] van Rappard et al. found 
that with spherical or semispherical expanders, the surface 
area gain was only 25% of the mathematical calculation, 
and it was only 38% and 32% with rectangular and crescent 
shape expanders, respectively. This was true for expanders 
of any size. They concluded that mathematical calculations 
can only guide the choice of an expander. The dimensions 
calculated need to be multiplied by an appropriate factor 
for round (6), rectangular (3.75) and crescent-shaped (4.5) 
expanders. Further, it requires a sound clinical judgement 
to finally decide the shape and size of the expander.[33]

Recently, 3-D photogrammetry has been used for 
presurgical estimation of volume deficiency in a series of 
craniofacial microsomia patients. The volume deficiency 
was calculated by superimposing the 3-D mirror image of 
the normal side in these patients. 3-D photogrammetry 
estimated the requirement of tissue expansion. This 
was further used for volumetric changes during the 
postoperative period.[35]

With advancement in computer programmes, the 
mathematical calculations have become easy. In clinical 
practice, while selecting a tissue expander, it is difficult 
to decide the volume of the expander for a given defect. 
Mathematical calculations given in the literature are 
feasible but awkward for medical personnel, as we are not 
in the habit of using these formulae. This difficulty can 
be overcome by using a computer programme. We have 
used the Microsoft excel sheet to calculate the volume of 
tissue expander for a given defect. This excel programme 
automatically calculates the volume on providing the area 
of the defect and length and the width of the base of the 
tissue expander to be used.

USE OF MICROSOFT EXCEL SPREAD SHEET 
FOR CALCULATING THE VOLUME OF AN 
EXPANDER

We have designed a method of mathematical calculation 

Figure 2: (a) Spherical expander is usually a part of the sphere: Its height and 
diameter has been shown. (b) A diagrammatic representation of a spherical 

tissue expander in which the expander is part of the sphere. It may not always 
be a half or full sphere. ‘r’ is the radius of the base of the expander and ‘h’ is 

the height of the expander

a

b

Area gained in a spherical expander = πh2

Volume of a spherical expander = 1/8 πd2 h + 1/6 πh3 

Duits et al., 1989, further presented mathematical 
calculations for rectangular and crescent-shaped 
expanders.[31] A general scheme to calculate the 
volume and surface area of spherical and rectangular 
tissue expanders by simple arithmetic calculations has 
been proposed by many authors on almost the same  
principle.[31,33,34]

Bhandari presented a simplified version of the 
mathematical calculation to calculate the volume of a 
spherical expander by giving many examples of different 
types of defects.[34] He has considered the need to add 
20–30% extra tissue for rotation, dog ear and mechanical 
creep resulting into “stretch back”. He has also pointed 
out that calculations should also take into consideration 
the inward displacement of the underlying tissue due to 
the pressure effect of the tissue expander.[34] According 
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in the Microsoft Excel sheet for the ease of calculation 
of volume and height of a rectangular/cuboid tissue 
expander, when the area of defect to be resurfaced 
and the base of the expander or donor area are known  
[Table 2]. This spread sheet has been designed based on 
the mathematical calculations already discussed.[30,31,33,34] 
Hence, the steps of designing the excel sheet are not 
elaborated.

The Excel sheet has been reproduced. The formula for 
calculation of the volume is represented in the B5 cell 
of the table and the formula for calculation of height of 
a cuboid/rectangular expander is represented in the B6 
cell of the table. This formula in the Excel spread sheet 
automatically calculates the volume (as in B5 cell) and 
height (as in B6 cell). In case of cuboid expander, the 
length and breadth will be the same.

In case of spherical expander, the Excel spread sheet 

has been written to calculate the volume and height of 
the balloon when the defect area and the diameter of 
the base of the balloon are known [Table 3]. One should 
keep in mind that the diameter of the base of the 
spherical cap is used, not the diameter of the balloon 
itself, which will be different depending on the type of 
the expander [Figures 2a and b].

HOW TO USE THIS EXCEL SHEET

After opening a new spread sheet, the above table is 
copied. The text of column “A” and formula of column 
“B” should be pasted in the respective columns. B1, B2 
and B3 should be replaced with respective data for a 
spherical expander and B1, B2, B3 and B4 for a rectangular/
cuboid expander. Volume and height of the expander 
will be presented automatically in the respective cells  
[Figures 4a and 5b]. The additional allowance percent is 
flexible and is to be decided by the surgeon.

Table 2: Excel sheet to calculate volume and height of rectangular/cuboid expander
A B
Defect area (sq.cm) B1
Length (cm) B2
Width (cm) B3
Percent additional allowance B4%
Volume of a cuboid expander (cubic cm) = B2*B3*((1 + B4)*B1 + B4*B2*B3)/(2*(B2 + B3))
Height of a cuboid expander (cm) = ((1 + B4)*B1 + B4*B2*B3)/(2*(B2 + B3))

Table 3: Excel spread sheet to calculate volume and height of a spherical expander
A B
Defect area (sq.cm) B1
Radius of donor area (cm) (Note: This is the radius of the base of the 
spherical cap and not the radius of the spherical balloon)

B2

Percent additional allowance B3%
Height of a spherical expander (cm) = SQRT((1 + B3)/PI()*B1 + B3*B2*B2)
Volume of a spherical expander (cubic cm) = PI()/6*SQRT((1 + B3)/PI()*B1 + B3*B2*B2)* 

((1 + B3)/PI()*B1 + (3 + B3)*B2*B2)
“PI” is pie, “SQRT” is square root.

Table 4: Factors requiring additional tissue than that mathematically calculated
Primary contraction of the expanded tissue after removal of the expander.[15]

Dog ear while moving the tissue.[15]

Expanded area at the corners, especially in rectangular and square expanders.
Need of extra surface area to accommodate two layers of the capsule around the expander.
Downward displacement of the underlying soft tissue, especially muscle and fat, which decreases the effect of tissue expansion on the 
surface.
Depression of the bony surface because of the pressure effect, especially in children.
Loss of expansion in expanding the concave surface, e.g. submandibular region. Initial part of the expansion surface is lost because the 
concave surface nullifies the effect of expansion.
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Figure 3: A diagram depicting the dimensions of a rectangular expander. Ac is 
the base area of the expander. When tissue expander is placed, five sides of 

the expander participate in tissue enlargement except its base (Ac)

Figure 4: (a) Scar over the forehead and scalp planned for resurfacing using an expander. Area of the defect (Ad) was 55 sq cm and radius of a spherical 
expander (r) was 4 cm. Additional tissue estimated was 20%. When these data were fed to the excel sheet, It calculated for 186 cc expander with height of 4.92 

cm. A 200 cc hemispherical tissue expander has been used. (b) Front view of the postoperative result after removal of the expander and resurfacing of the defect. 
(c) Looking down view of the postoperative result after removal of the expander and resurfacing of the defect

a b c

Figure 5: (a) A non-hair bearing 10 cm x 6 cm scar over the occipital region. (b) Occipital scar size was 60 sq cm. The base size of the expander was 7.8 x 5.9 cm. 
Additional tissue requirement was estimated as 40%. The volume of a rectangular tissue expander required to cover the defect was 172 cc and height is 3.74 cm. 

A 240 cc expander was used. (c) Postoperative result after removal of the expander and resurfacing of the scar with hair bearing expanded scalp

a b c

ADDITIONAL ALLOWANCE

There are certain areas in the expanded tissue that do 
not participate in the resurfacing of the defect after 
removal of the expanders. And, there are factors that 
require extra tissue for the movement of the tissue. 

While estimating the dimension of the required tissue, 
one should calculate additional expansion for the 
reasons given in Table 4. For example, in Figure 3a, 
20% additional tissue has been calculated, while in 
Figure 4b, 40% additional tissue has been calculated. 
This additional allowance has been given a place in the 
computer Microsoft excel sheet in the form of B4% for 
rectangular and B3% for spherical expanders.

Lastly, even if one has chosen a smaller expander or after 
filling the expander to its capacity, if one feels that the 
expanded tissue may fall short, then one can overinflate 
the expander without the risk of rupture.[36] This is in 
regular clinical practice. Hence, one has to generate extra 
tissue to resurface the defect as well as the donor site, 
which may differ from case to case.

CLINICAL APPLICATION

This Excel spread sheet has been used by the first author 
for selection of tissue expander in 20 patients over a 
period of 2 years. It has been observed that the volume 
of the available expander with specific base size is fixed. 
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Figure 6: (a) A 20 cm x 18 cm hairless scar over the vertex. (b) Single 450 cc spherical tissue expander has been used. (c) Front view of the postoperative result 
after removal of the expander and resurfacing of the scar with hair bearing scalp. (d) Occipital view of the postoperative result after removal of the expander and 

resurfacing of the scar with hair bearing scalp

a b c d

There are not too many choices of expanders of different 
volumes with the same base size in the market. Hence, 
this software is a guide for choosing the volume of an 
expander. This has helped us in choosing expanders for 
patients. We selected a 200 cc hemispherical expander 
for a patient with scar over the scalp and forehead  
[Figure 4], a 250 cc rectangular expander for an occipital 
scalp scar [Figure 5], a large tissue expander of 450 cc for 
a hairless and adherent scar over the scalp [Figure 6] and 
two spherical expanders for postburn alopecia and scalp 
scar [Figure 7].

CONCLUSIONS

Knowledge of tissue regeneration in tissue expansion 
is important for its clinical application. The beginner is 
concerned about the biological changes caused by this 
procedure. Most of these changes are temporary and 
revert back to normal after removal of the expander. 
Ultimately, one is able to achieve increased surface area 
of the tissue by mechanical creep and biological stretch, 
which is used for resurfacing of the defect.

The main difficulty of this innovative surgical technique 
is the inadequacy of the tissue at the time of final 
reconstruction. Tissue expansion causes enlargement of 

the tissue; however, there are many factors that increase 
the requirement of tissue. The surgeon has to adequately 
plan for these additional requirements. Till today, choosing 
an appropriate expander is the major shortcoming of 
this surgical and biological marvel. As the mathematical 
calculations and computer programmes available in the 
literature are not popular, a new user-friendly programme 
is being introduced. This programme requires further 
evaluation to evaluate the inter-rater reliability. With a 
large experience of using tissue expanders in different 
parts of the body, the shape of the expander is decided 
based on the shape of the defect to be resurfaced, the 
size and shape of the donor site and reverse planning 
of the flap movement after tissue expansion. Clinical 
judgement remains the key to success.
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Figure 7: (a) Post thermal burn hairless scar over the scalp and forehead. (b) Two spherical expanders have been used with guidance with the excel spread sheet. 
The ports of the expanders are exposed through the scar. (c) Front view of the patient after removal of the expander and replacing the scar- 4 months follow up. 

Front hairline has been reconstructed. (d) View of the patient’s scalp while looking down, after removal of the expander and replacing the scar-4 months follow up. 
Hairless scar has been replaced with hair bearing scalp

da b c
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