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Tube connection portion

Soft and durable

skin expansion skin expanders A ’\
skin expansion s a technique used Dy plastic ‘ m}mmr

and restorative surgeons to cause the body grow inieotion port
additional skin. keeping Ming tissues under tension
causes new cels to form and the amount of tissue to increase. In
some cases, this may be accomplished by the implantation of
inflatable baloons under the skin, by far the most common method,
the surgeon inserts the Inflatable expander beneath the skin and
periodically, over weeks or months, injects a saline solution to slowly
stretch the overlying skin. the growth of tissue is permanent, but wil
retract to some degree when the expander is removed. within
the past 30 years, skin expansion has revolutionized recon-
structive surgery. typical applications are breast reconstruction,
bum injuries, and pediatric plastic surgery.
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mechanotransduction of growing skin

langer's lines - anisotropy of human skin

langer’s lines, someiimes caled cleavage lines,

are topological lines drawn on a map of the human body.
they are defined by the direction in which the human skin would split
when struck with a splke. langer's lines comespond to the natural
orientation of collagen fibers in the dermis and epidermis, knowing
the direction of langer's lines within a specific area of the skin is
important for surgical procedures.  particularly  cosmetic  surgery
involving the skin. if a surgeon has a choice about where and in what
direction to place an incision, he may choose to cut in the direction

the form of stretch-activated ion channels, integring fh factor of langer's lines. incisions made parallel to langer's ines may

e D IS et ponete heal better and produce less scarring than those cut across.

ating gene expression. mechanotransduction triggers increased mitotic
s, resuling in an increase in skin surface area to restore the

criptior
ed

constitutive equations of skin

||

langer's lines - anisotropy of ralbbit skin

ines of tension - orientation of collagen floer bundles stiffer || to langer's lines - stress locking @crit stretch
carl ritter von langer [1819-1887] lanir & fung [1974]
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what is it that makes skin anisotropic”? collagen filoers

collageneous microstructure

collageneous layers
collageneous fibers

directional strengthening due to collagen filbers
humphrey [2002]

constitutive equations of skin

||

statistical mechanics of long chain molecules

entropic elasticity - entropy increases upon stretching

kunn [1936], [1938], porod [1949], kratky & porod [1949], treolar [1958], flory [1969),
bustamante, smith, marko & siggia [1994], marko & siggia [1995], rief [1997], holzapfel [2000],
bischoff, armuda & grosh [2000], [2002], ogden, saccomandi & sgura [2000]
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collagen fibers - hierarchical microstructure

@ Jgycin hydroxyprolin prolin - amino acids

apbout 1000 amino acids
form colagen « chain

three v chains
form collagen triple helix

collagen fiorils
form collagen fiber

directional strengthening due to collagen filbers
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uncorrelated chain model - freely jointed chain

micromechanically motivated parameter - contour length L

constitutive equations of skin




comrelated chain modal - wormlike chain

micromechanically motivated parameters - contour length L and persistence length 4

constitutive equations of skin 13

chain network models

three chain model four chain model

eight chain model

representative isotropic network of cross-linked chains

flory & rehner [1943], james & guth [1943], wang & guth [1952], treloar (1958, arruda & boyce
[1993], wu & van der giessen [1993], boyce [1996], boyce & arruda [2000], bischoff, aruda &
grosh [2002], miehe, goktepe & lulei [2004]
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uncomelated vs correlated chain model

characteristic locking lbehavior - initial stiffness of wic

micromechanically motivated parameters - contour length L and persistence length 4

constitutive equations of skin 14

generalized eight chain model

eight single chains  isotropic cell matrix eight chain model

with

hn o5 ool Gimensions 1y o, s

micromechanically motivated parameters - chain density




generalized eight chain model

® general case orthotropic network model )
1 ,.

® special case isotropic network model r
12 13
r

® special case transversely isotropic model

traditional arruda boyce model as special case
invariants and
constitutive equations of skin 17

sometimes skin is damaged. ..

e remo Y
heir high potential for

experiment vs simulation - rabit skin

stiffer || to langer's lines - stress locking @crit stretch
lanir & fung [1974], kuhl, garkipati, aruda & grosh [2005]
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... but we can repair it

partial reconstruction of right ear. fig 1. preoperative status of partial traumatic amputation of right
ear. fig 2. a rubber balloon is inserted in the subcutaneous tissue. fig 3. the rubber balloon is
nflated gradualy over a period of six weeks. fig 4. upon removal of the baloon, a c-shaped
autogenous graft was introduced and covered by a double pedicled tubed flap fashioned from the

skin expanded by baloon inflation. neumann [1957
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skin expansion and growth - breast reconstruction skin expansion and growth - facial reconstruction

within the past 30 years, tissue expansion has revolutionized reconstrutive surgery. typical eight-year-old boy who had a nevus removed as an infant. tissue expansion Is completed in
application are breast reconstruction, bum injuies, and pedatric plastic surgery. naturel fissue approximately ten weeks. the use of tissue expansion in cosmetic precedures is often limited by
expansion can be observed in pregnancy, where the local tissue expands and growth in area in the significant deformity the patient must temporarly accept during the four 1o six week long

response to tension. procedure. maﬂgubat 2010

motivation - skin growth motivation - skin growth

skin expansion and growth - facial reconstruction skin expansion and growth - ear gauging

there are many different methods you can choose from to
stretch your ears. always walit at least one month between
stretching. fallure to stick to this could result in your eartobe
puckering, being very thin, or even tearing completely
apart. tapering is the most common way 1o stretch ears
today. it involves the use of a taper, a rod that is larger at
one end, specifically made for this purpose. the taper is
ubricated and pushed though the hole until the larger end
s flush with the earlobe. rings are then pushed though,
paralel to the end of the taper. no eguipment is used
dead stretching. larger jewelry is just forced though the
exsting plercing. large weights can be used to sfrefch
the piercing.

n this study of reconstruction of the forehead in chidren, the average number of surgical
procedures required to complete reconstruction was six, invoMng an average of three tissue
EXDANSION.PIOSCUrES, 0sain & cortes [2007

motivation - skin growth motivation - skin growth



skin expansion and growth - lip plates

among the surma and mursi in ethiopia, about
6 to 12 months before marriage the woman's
lip is plerced, usualy at around the age of 15
to 18. the initial piercing is done as an incision
of the lower lip of 1 to 2 cm length, and a
simple wooden peg is inserted, after the
wound has healed, which usually takes 2 or 3
weeks, the peg is replaced with a slightly
tigger one. at a diameter of about 4 cm the
first lip plate made of clay is inserted. every
woman crafts her plate by herself and takes
pride in including some ormamentation. the
final diameter ranges from about 8 cm to over
20 cm. the plate's size is a sign of social or
economical importance in some tribes.

hﬁp://vvvvvvmursi‘org

motivation - skin growth

skin expansion and growtr

schematic seguence of tissue expansion

reference configuration loaded configuration grown configuration unloaded configuration

at biological equilbrium, the skin is in a physiological state of resting tension. a tissue expander is implanted subcutaneously
between the skin and the hypodermis. when the expander is inflated, mechanical stretch induces cell proliferation causing the
skin to grow. growth restores the state of resting tension. expander deflation reveals residual stresses in the skin layer.
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Kinematics of finite growth

@
By, _— B

\F

S

/ F.
grovvth tensor

multiplicative decomposition

lee [1969], simo [1992], rodriguez, hoger & mc culloch [1994], epstein & maugin [2000),
humphrey [2002], ambrosi & molica [2002], himpel, kuhl, menzel & steinmann [2005]
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Kinematics of finite growth

BO ¥ BL
L
fF]

grovvth tensor jk H ﬂ compatibility tensor

multiplicative decomposition

lee [1969], simo [1992], rodriguez, hoger & mc culloch [1994], epstein & maugin [2000),
humphrey [2002], ambrosi & molica [2002], himpel, kuhl, menzel & steinmann [2005]
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skin expansion and growth

growth tensor glastic tensor

.m0 &
r. 0a-g-
compatibility restoringTer?or

F.

example - skin expansion J

Kinematics of finite growth

B (0] ¥ BL
SN o fotal stress

residual stress

the additional deformation of squeezing the grown parts back to a com-
patible configuration gives rise to residual stresses (see thermal stresses)

kinematic equations 30

skin expansion and growth

® growth law

® increase in mass
e rate of growth deformation tensor
® rate of Mass Increase

_—
example - skin expansion 2



skin expansion and growth

Fig 2. 2a. Sketch of model of expanded skin showing the two considered layers. 2b. First step of simulation
of skin expansion: thee successive phases of skin-expander interaction. 2c. Second step of simulation of skin
expansion: three successive phases of skin-expander model.

in-expanc
example - skin expansion 3

skin expansion and growth

stretch ratio []

original radial position [mm]

Fig 8. Meridian and parallel stretch ratios vs. distance from the axis of symmetry of the two skin regions
(single layer and two layers) after expander injection at reference volume V).

o
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skin expansion and growth

expander skin

meridian
strains

parallel
strains

Fig 7. Contour plot of logarithmic principal strains for expander (left) and skin (right) at volume of 550 ml.
example - skin expansion Z

skin expansion and growth

Fig 10. Results of skin growth simulation. 10a. Configurations of expander and expander skin immediately
after inflation (thin line) and one week post inflation (thick line). 10b. Pressure decrease during one week
after inflation. 10c. Different stress-free configurations at times dO to d7 at increments of one day. 10d.
Percentage of skin area gain.

example - skin expansion 3



stretch-induced area growth

e deformation gradient

with
¢ Volume change

with
e area change

with
e growth tensor

goriely, ben amar [2008], ben amar, goriel 2007], socci, rennati, geraso, vena [2007], dervaux, ciarletta, ben amar
[2008], goktepe, abiez, kunl [2010], mc mahon, goriely [2010], buganza tepole, ploch, wong, gosain, kunl [2011], buganza

teﬁo\e ﬁosam KubL[ROLLLL.cao Terﬁ Hﬂii aﬁi ' —
example - skin expansion a7

time integration - euler backward

« finite difference approximation

e residual of discrete evolution equation

e incarized residual for local newton iteration

e iterative update of growth multiplier

the adrian me337-model [2010]

example - skin expansion 3

stretch-induced area growth

e growth tensor

e area growth

e Weighting function

e growth criterion

himpel, kuhl, menzel, steinmann [2008], kuhl, maas, himpel, menzel [2007], goktepe, abiez, parker, kuhl [2010], goktepe
abilez, kunhl [2010], schmid, pauli, paulus, kunl [2011], buganza tepole, ploch, wong, gosain, kuhl [2011], buganza tepole,

ﬂOSa\ﬂ kublL[2011 —
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relaxation & creep

area stretch [] area stretch [
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current gold standard in expander selection

Agrovwh =A - Ag=2n [w+d]
empirical correction factors: 6.00, 3.75, and 4.50
van rappard, molenaar, van doom, sonneveld, borghouts [1988]
example - skin expansion #

fractional area gain & expander volume

expander volume [cmd]

fraction area gain [-]
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predictive modeling for expander selection

C nding to 37cm?2
elements, shown.inwhite, are fixed.

example - skin expansion 4

quantitative expander selection

| maximum initial absolute | fractional | expander | expander residual
growth aea areagan | areagan volume pressure stress

S A DA DAVA, v p/E o e
[ [om?] [em?] [ [om?] [ [
circular | 286 | sro0 |s874 |1650 |os745 |ooo2 o4z |
square | 2.35 | 37.00 | 50.63 | 1.37 |186‘77 |o‘ooz |o.4w |
rectanguar | 226 | 87.00 | 4440 | 120 |12206 |ooo2 o4 |
cresoent | 295 | 3700 [4119 | 111 |10842 o002 |oss |
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area growth - isotropic skin model

e

1.00 1.35 170 205 240

tissue expander inflation. spatio-tempora ne pressure applied to the same be
area, the circular expander induces the largest amount qrwﬁh follow square, the rectangular, and the

u
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residual stress - isotropic skin model

ormax

0.00 010 020 0.30 040

tissue expander deflation. spatio-temporal evolution of maximum principal stre: as the expander pressure is gradualy
removed, from left to rignt, the grown skin layer col S, remaining stresses dt in the unloaded right, are growth-

%
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elastic stretch - isotropic skin model

9

090 095 100 1.05 1.10

o

tissue expander deflation. spatio-temporal evolution of elastic area stretch the expander p ure is gradually removed
from left to right, the grown skin layer collapses. deviations from a flat surface after total unloading, right, demonstrate the

R e
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tissue expansion in pediatric forenead reconstruction

example - tissue expansion 4



tissue expansion in pediatric forenead reconstruction tissue expansion in pediatric forenead reconstruction

al aly 251.2cm? atol 5 with
o feftio r\iib [orehead [ecopstuction.
example - tissue expansion 4
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tissue expansion in pediatric forenead reconstruction

tissue expansion in pediatric forenead reconstruction

skin expansion i > forehead reconstructio
2 ard t i?ﬂ h@ ma\ area of u&» cm? ) expa right tudy I simultane Xpans C o]
rrc J own skin a . . 3 cm?, 202.1 cm?, and finally 227.1 cm?, from left to right the time points displayed in the previous figures
— —
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