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ABSTRACT

-

*

A small animal model for the study of dermal changes in
response ‘to therapeutic tissue expansion of the skin was
developed and employed. The model involved the placement of
a single Dow Corning silastic expansion device into the

. peritoneal_cavi;y of the Sprague-Dawley rat.

~

Q

A total of 118 animals were.involved in this series of

studies. In. experimental animals the device was inflated
~n

~” .
with  normal saline ‘eyé;t weeks after insertion.  The

expansion device in control animals remained uninflated.

The animals were studied ovir 4, 8, 16,32, and 64 days after

anges were measured by a’ three

A

expansion. Surface area c
dimensional surface scanning device,as were in vivo skin
‘tensions measured by precision tensiometer. °At the time of
sacrifice, skin“thickness has measured and skin specimens
excised. Skin specimens were examined for breaking stren\th

i

collagen synthetic activity as measured by tritiated prolin\ .

uptake, and\total hydroxyproline content. ' \\\\

»
a

Results demonstrated ‘that a two phase increase in + -
surface -area taﬁes place with fissuebexpansion.s"-SRin ;most
'centrally located over the expansion device contributos most
‘to 'the increase in surface aréa with time. , sxin tension

increases immediately at the’ time af’ expander inflation ‘but

thereafter decreases towards normal. V'Skin thickness and

-
Lo
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breaking strength were found to be initially decreased by the
process of expansion but with time returned towards normal.

A

Collagen . synthesis was demonstrated to be increased by

, - .
the stress of therapeutic tissue expansion. Increased
collagen synthesis resulted in a net accumulation of éollagén

as represented by increased total hydroxyproline chtent in

skin subjected to tissue expansien.

.
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ANIMAL MODEL STUDIES OF THERAPEUTIC TISSUE EXPANSION

AY - L4

INTRODUCTION

A. Background

Reconstructive surgeons are challenged to repair or
replace often formidable losses of soft tissue of the body,
resulting .in large areas of open wounds. The direct or
indirect etiology of large'areas of absence of tissue may be
any one or a comb%nation of: ne®plasm, infeétion, congenital
malformation, burn, metabolic disease, pressure, radiation,
iatrogenic complication, or trauma. Of the tissues that must -
be reconstructed in such circumstances, the skin is usually
the most critical. The integument provides an important
immunological and mechanical barrier to infection in
addition to providing a barrier td heat and water loss(}).
The skin also providés for thermoregulation and senséf?
functions. These functions are apart from the esthetic

hY

.qualities of the integument which must also be taken into
consideration by the reconstructive surgeon(z). (

The abilities of all specialties of medicine are puéhed

to the 1limits of current téchnology in the ’treatment of
patients. Patient expectations have increased(3), yet the

health care systemsgofiiyl countries are under increasing -
' 1



scrutiny and financial pressure as a result of expopentially

(4,5)

rising health care costs The surgeon is at the

interface between thesé pressures and patient expectations.

There have been a number of advances in reconstrbbtive
surgery in the past fi{feen yearsf¢ Most notable have been
‘the utilization of muscle bésed.flans(s) and the develop;:nt
of the technique of microsurgical free-tissue transfgr(7).
They haye allowed much more e;tensiVe skin defects to be
reconstructed in a relatively expedient manner. ‘?hese
techniques however share the problems of othef previously
. employed major reconstructive»techniques(a). These are:
1. donor site deficit (lack of physicall ability as a result
of ldss4 of functioning muscle, insensibility, fibrous
scarring, unsightly scarring), 2. risk of secondary
complications such as hematoma or infection in a second
operative site and 3. mismatch of donor to recipient site
ﬁrgsue teg. “thickness, texture, color, hairibearing
chéracteristics, and durability). .

—_ ,'f'

In ad&ition, the techniques of muscle-based transfer of‘

tigsue and microsu}gicai free tissue transfer have bfoﬁqht-

»
g,them new problems. These are: 1) longer operative

‘prodedures with increased anaesthesia risk,. 2) ipcreased

requirements of skills of surgeon and staff with the result

that only selected highly trained personnal are appropriate

e
Ly

. . S | : ‘



to perform such techniques, 3) increased demand on

equipment and facility and resources of hospitals and 4)

high financial costs.

The ideal technique of skin reconstruction would provide
.tissue with properties of texture, color, haif, durability
and thickness identical to that of the skin lost(6). Ideally
it . would also be simple and performed on 55‘ outpatient

basis. =~ Moreover, ‘the ideal technique would not leave

permanent sequelae at the donor site.

B. i view

The concept of tissue expansion was first reported by
Neumann in 1956 when he employed the progressive distention

of an air filled rubber balloon implanted subcutaneously, in
(10)

: , 0
an attempt to reconstruct an ear The procedure was

successful in providing sufficient skin to allow for -

satisfactory'coverage of a costal cartilage graft auricular
framework. Neumann only reported a single case in which he
utilized tissue e#pansion. However, he.pointed out the most
oSvious -rewardS'/of the concepts in "securing skin which
would be high in quality in match of colour and text@re with

nearby skin, the avoidance Qf the need for a donor area in

the usual sense of the term, and the possible reduction in.

the number of stages for a -particular reconstructive

effort".

I
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The concept of physiologic tlssue\§§pan81on is not new
to man. The Ubangi- tribe of Africa‘ll) and the Suya tribe
of South America( 2) have utilized the concept to. attain
lips and ear lobules of remarkable proportions for esthetic
and. cultural purposes for many centurieé§* Neither is the
concept: new to women who have been pregnant. Eregnancy
leaves the soft tissues of the abdomen and skin in
particular, redundant. It was this observatian of the
redundancy of the skin of his wife’s abdomen after delive;y
QPat stimulated Radovan toward clinical application of the

(13) Radovan is credited with

(14)

concept of tissue expansion

the development and popularization of the technique

4

Radovan opresented his devéTopment and clinical experience
‘'with an inflatable silicone elastomer tissue expander;‘inf
1976 (15) In this paper he described its use primarily‘ in
reconstruction of _the breast. He later published his
experience with a larQF nunber of tissue 9xpansion

proceduresi in the reconstruction of\?efects'of soff tissue

(16,17,18)

in a wide variety of anatomic locations .  The low

' donor_ site expense , match 'of donor tq}recipient site tissue

-

characteristics, simplicity and low financial cost were

noted . ° ¢ . ‘ {, L

—
4 : B .
]

Argenta  and .Lapin ported their experience with

clinical application of the technique in breast
reconstruction and head and. neck 'reconstrﬁction‘lg*zoizl).
. C e . ' .



In discussion of Radovan’s paper , Grabb commented
favorably on his own limited experience with the
(22)

technique g Grabb, a pre-eminent investigator in

reconstructive surgery, stated, "Although many innovations

»” w
.are advanced, only a few have had the impact of microsurgery
techniq%?s and Qf muscle flaps. I predict tth over the next

85 years , the technique of tissue expansion will be of

equal importance."

The popularity of  the technique for skin
reconstruction has grown particularly in the 1last five
years‘23). This has been in spite of the major eriticism
that the biologic basis of the phenomenon is poorly
understood. In partiéular, the major question that has beén
raised is whether or not the tissue, during the course of
fherqpeutic expanéion, is merely stretched, or whether new
tissug is generated - i.e. whether the tissue 6btainea.,is
simply a "loan" or truly a "dividend" of valuable

tissue(24)."

Skin has been referred to by bioengineers as an

w(25)

“anisotropic elastic membrane Prima facie it would

appear that the skin overlying an_ inflated therapeutic
tissue equnsion device might respond simply as an elastic
or semi-elastic material by stretching and thinning. 'This

»
would result in a clear end point to .the process- 1i.e.



vgw
rupture of the overlying skin or material’ In a clinical
setting this would be unsaFisfactory, and in thg‘ least,
present the surgeon and patignt with pdssibly uhsatisfacto;;
skin tissﬁe that has been stressed. The end result would be
reconstructive tissue laékihg in the desired qualities -
particularly those of thickness, strength and durability.
Further, once the tissue expansion device is removed aﬁd the
defect repaired with the expandéd tissue, were the skin fo
behave simply as an elastic material, one might expecf ‘ é
biomechanical recoil of the tissue. However’, we know that
although skin does behave as a semi-elastic material in +the
(26)

* short term . in the long term it is a living tissue in a

' constant dynamic state with the capacity to. repair and’
-
remodel(23’27). \

Billingham and Medawar observed ih - 1955 that ' dermis
adjacent , to % cohtracting wound thinned in response to
tensile stress; but later appeared to regain its premorbid

(28) They déscribed the process as

thickness
"intussdigeptive growth" . Aber;rombie and James attgmpted
to quantify these' changes in‘tpe dermal collagen adjacent .to
the contracting wound by . estimdting hydroxyproline
confept(zg). Their results suggested that the agount of
- dermal hydroxyproline increases in scar tissue long _agterq
wounding, when healing appeared to be complete. Blackﬂ et
“al. more recently measured skin thickness and collagen

ra T .

2



content 1in obese patients and concluded that subcutaneous
J
stretching induced by prolonged obesity lead to hypertrophy

of .collagen and that the skin had maintained or regthed

e

both , its thickness and collagen content(30). Theyksalso
stated that it is unknown whether this is due to enhanced

synthesis or decreased degradation.

Austad studied the dermis of expanded versus
non—exbanded skin flaps in guinea pigs and concluded that

the skin of expanded flaps in pigs was thinner than that of
(31)

non-expanded flaps Examination of his data suggeéts

that  the flaps had been greatly increased in 1ength and

. L
width by tissue expansion. However since Austad’s paper

A Y

provided no absolute measurement of increase in surface,

area, neither the volume nor mass of the dermis could be
s ®

extrapolated. In light of the eérlier work bthillingham et

(28) (29) 30)

.and Black et al.( we

al. , Abercrombie et al.

might have anticipated an absolute increase in volume and/or
z

L

mass of expanded cutaneous tissue.

The suggestion that collagen synthesis sgecifically"
might be :‘stimulated in dermis under tension is supported by
the results of Yen and Suga who demonstrated such an effect

(32)

in -orthopedically stressed cranial sutufgs in mice The~

effects of stress in the éynthesis and remodelling of

connective tissue- of bone and éone formation are well
\ :

- ; . o - w



AN
known(33'34'35). \\,

There is evidence that the epidermis in skin stretched

by obesity(30) and by external devices experimentally does

not thin, but in fact, proliferates towards maintaining a

normal or greater epidermal thickness (36/37/38)

&

@]

Cherry et\§3;(39) reported that expanded skin flaps in
pigs behave from a vascular standpoint similar to deleyed_
skin flapsl, by developing-an augmented vascular network..
He demonstrated augmented vasculature histologically and’
angiographically. 'An  increased unipedicle flap length
survival in expanded and delayed flaps compared to control .
skin flaps was also demonstrated.é This response in
“therapeutically expanded tissue may enhance.the ability of
deimis to generate new connective tissue. Both of these may
in  turn also suggést an increased resistance of slowly
expanded skin to erosion by the expender in élinical.

circumstances.

P2

Vander Kolk et al.(41) recently published a report on
skin thickness, collagen content and - collagen typing in
expanded skin of buttock island flaps in pigs aﬁ&er ten days

 of expans1on. Tissue sampling was performed by, fixed
. | |

Hhe delay phenomenon is one wherein the vascularity and hence
maximum surviviﬂg length of a reconstructive skin flap can be
increased by prior surgical incision or manlpulation(40)

v
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cross-sectionai area punch biopsy after expahsion had.
eoccurred in the e#perimental‘qroup. \ Tissue sampling based
on a post-expansion biopsy aré; yields no useful information
with respect to quantitative changes. The area to be
stuéied must be determined on a basis wherein the biopsy
areas are identical prior to expansion. Only then can
conclusions be drawn regarding changes tpat occur with
expansion. Despite this, Vander Kolk et al. reported ‘a 19%
increase in collagen by dry weight, in éhe skin of expanded
animals relative to controls, but ‘that there. was no
difference in dry weights of specimens from the t;; groups.
For collagen content to increase while overall dry weight
remainé the same, it would app;ar that another form or forms
of tissues would have to be reduced and replaced 'by the
collagen. This was not addressed in their discussion. They
arrived at'total skin collagen conﬂent by the addition of
acid soluble content, pepsin éoluble content and residue.
These latter three fiqures were derived from:two complétely
separate biochemical anaiyses and two differeqt portions of
a specimen. A method which involves the addition of three
figures froﬁ two separ@&e biochemical analyseg on two
separate samples is suspect conceptually and statistically.
In addition to a 19% increase in collagen they reported a
17% decrease in sample thickness with expan%ion, despite the
azy weights of .sﬁeciﬁens in each group ﬁeing the same.

Their measurements of expanded skin thickness were performed
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on punch biopsy specimens prone to changes in dimension as a
: L

result, of fixation. They also reported a relative increase
in Type V . collagen and a slight but not statistically

sigpificant decrease in content of Type III collagen in the *\

QPanded skin. _

C. Objectives of Present Studies

— -

The objecﬁives of the studies described herein were to
gain an understanding of the respanse of dermis during
therapeutic tissue expansion. SpecifiFally, these sthdies
were directed to_exaﬁinatibn of u collagen synthesis and -
collagen content in the skin of rats in response tos tissue
expension. In order to correiafe‘any changes that might be
observed in collagen synthesis andveollagen content of the
derﬁis, this work also set out to examine material breaking,'
strength of the skin tissue. studied. = For further
correlative purposes we sought in this series of
investigations to examine changes in surface area , eskin

thickness and skin tension with time, during the coursef of

therapeutic tissue expansion. g\\

.
Y

‘?he studies were divideﬂ:into two proiects; ‘Proieot .A ,
was a pilot study'designed to . examine material" breaking“
'strength and collagen synthesis in response to tissue
expansion in the skin of COhort rats. Project B wel nare”

sextensive and designed to examine chanqes in eurtece area,

N s
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gkin tension, skin thickness and total hydroxyproTline

’
content changes in response to tissue expansion in the skin

r

w@“of a comparable group of cohort rats.



MATERIALS AND METHODS

A. Project A "

A total of 70 female Spraéue—Dawlqy rats of the same
birthdate and from the same supplier were obtained. Once
the animals were received they were caged individually and
observed for a minimum period of two weeks. The average
body weight at the timq of initial surgery was 2i8 + 6
gm(mean .i s.e.m.). Prior to and following surgefy, the

-
an%mals were maintained two to a cage. The rats received a
diet ¢f Wayne Lab-Blox pellets (Allied Mills, Chicago
Illinois) and water ad libitum. Environmentally the animals
.
were exposedﬁ to 100% room air and normal ventilation.
Ventilatién allowed for fifteen air changes per hour "which
is considered a requirement of @etabolically active animals.

The room temperature was maintained at 20 + Cc. The

’
vivarium had no external windows and timed fluorescent
lighting was provided for twelve hours each day. Relative

hunidity was maintaifed at 40-60%.

‘. At age 10 weeks/each animal undérwent the following
operation under thoxyflurane inhalational anaesthetic.
Using sterile surgical techniqué, a single 50 mL Dow Corning
tissue expansion device with delf—contaiﬁed“valv% was

inserted through a midline iaparotomy incision, into the
12 K ‘
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peritoneal cavity (PLATE 1). The device was fixed by each
of its four tabs to4the peritoneal surface of the abdominal
wall with 4/0 nylon simple sutures to prevent rotation. The
peritoneum and abdominal musculature were then closed with a
single running _simple 4/0 absorbable pblyglycolic acid
suture. The skin was‘ reapproximated in a single layer with

a running subcuticular suture of 4/0 polyglycolic acid with

N

the knots buried. h

Eight weeks after operation, the animals were randomly
assigned to one of the five study time groups (4'8'16L32 and
64 days (post-expansion). Experimental animals underwent

percutaneous inflation of the intra-abdofiinal expansion

device Ay;th a total of 120 mL of normal saline. Control

animals underwent sham inflation with insertion of a 23
gauge neé&dle into the valve of the expansi;n device and
removal without injection. These and all subsequent
procedures on experimental and control animals were
per formed under m?thoxyflurane ggneral inhalational

anaesthetic and with sterile technique ® in instrumentation

and procedure.

B. Determinations in Project A

Sixteen hours prior to sacrifice, each animal underwent
a minor' surgical procedure under general anaesthesia in

which an oblique incision was made across the left inguinal

N



PLATE 1. Examples of inflated and uninflated Dow-
Corning tissue expansion devices. A 20 mL syringe
with 23 ga needle is shown inserted into the

inflated device.
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l

area. Under 4.5 power magnification d#ith loupes the soft
tiésues were dissected and the left ili&c vein identified.
Through a #30 gauge needle inserted into the left iliac
vein, 0.20 mL of tritiated proline in saline solution 1560
ACi per 1.0 mL) were injected under direct ;ision.. Pressure
was applied to the iliac vein for several minutes to prevent

leakage and the skin wound was closed with Michel clips.

At each of the designated time periods of 4,8,16,32 and
64 days afteglexpansion the animals were weighed, and tissue
specimens were harvested in the /following manner. Under
general anaesthesia, two longitudinally oriented 3 x 1 cm
strips of sKin over the épex of the expansion device on\\gﬁe
anterior abdomen were harvested. The skin strips excluded 5
mm of tissue on either side of the 1laparotomy incisional
scar. The dimensions of the strips of abdominal skin were

Jeasured to an accuracy of + mm and mafkéd with a skin

marking pen. The skin strips were excised with a # 20

scalpel blade. Specimens were plabeq in Parafilm ™
_ N
wrapping and labelled. Intra-peritoneal inc{gion was then

made. The expansion devicf was rgtriéved and weighed
intact. ‘Uging a syrinée and 23 gaugé‘needle, 1.5 nL of
ven;us klood was withdrawn from.the inferior vena cava. The
animal was then allowed to expire under an overdose, of

inhalational anaesthetic.



17
'y

One lateral skin specimen from tach rat was subjected to
breaking strength measurement in a custom-built

extensiometer attached to a strain gauge (GRASS Force
AN

Displacement Transducer Model FT10C). Specimens were

individually extendéd‘at a rate of 1.2 cm per minute with

strain gauge output attached to a pen chart recorder (Fisher
5000) . Load at failure was recorded from the peak of the

stress/strain curve(42).

The remaining lateral skin specimen was 'stored frozen
" and underwent biochemicaz extraction as descfibed by* Scott
et al.(43). S Specimens were weighed ,lyophilized and
re-weighed (dry weight). One mL of 6N HCl was added to the
samplé which was then hydrolyzed for twenty hours at 105°¢C.
The solution was dried on a Buchler Evapo-mix ana' the
residue redissolved in .1 mL of 2M HCl. Proline was
separated from hydroxyproliné by passing a 0.5 mL sample .of
hydfolysatel _from the extraction procedure through an
AG50W-X8 column, by the method of Schneir. et al.(44).
Concentration of hydroxyproline was then determined

colorimetrically by the method of Bergman et al. as
(45) ‘
»

follows The sample was made up to 500 mi with

distilled H,Q. A 7 % W/V aqueous solution of Chloramine T

~

in an acetate/citrate buffe:/}ﬁ.s mL) was mixed with the
1 mL of Ehrlich’s reagent

‘sample and four minutes later

solution was added. This solution was placed in a water
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bath at 60°C for 21 minutes and then allowed to stand. at
room temperature for 60 minutes. Spectrophotometry readings
were then performed at 5$62nm on a Gilford 250
spectrophotometer. The optical density of the samples was

compared to standard hydroxyproline solutions and the amount

of hydroxyproline per sampie was calculated.

' ‘ [}
Samples of venous blood (1.5 mL) withdrawn from each
animal, were placed in individual <clotting tubes and

analyzed for blood urea nitrogen in the Department of -

Biochemistry at the Surgical Medical Research Institute \qf

the University of Alberta. .
. 8
C, Project B. : .

Forty-edght female Sprague-Dgwley rats .of identical
birth daté and supplier were obtained. At-age 10 weeks each
animal underwent surgical insertion of a single 50 mL Dow
Corning ‘tissue expansion device into the'beritoneal cavity‘
under general anaesthesia as in.Project A. These and all
Subsequent' procedures on experimental and control animals .
were perférmed under methoxyflurane inhalational anaesthetic

and with sterile techhique.
Q L4

~
v

Eight weeks . after insertion of the  qxpan§;on’ device,

L d

each animal wgs randomly égsigﬁgd-to Ong,of fou:;ptudy"tiné,;ef
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groups (4,8,16, -and 32 weeks after expansion). A gtid
measuring 5 x 5 cm was tattooed on to tge abdomen of each
animal (PLATE 2). The grid consistel of 36 squarely placed
dots each 1 cm apart, tattooed intradermally with India ink
using an electrically-driven needle tattoo instrument. The
upper border of the grid was oriented transversely along the

costal margins bilaterally.
.

-

Each animal was then randomly assigned to either an
experimental or control group for each time period.
Experimental animals underwent percutaneous inflation of the
expansion device with 120 mL of normal saline through a #23
gauge needle. Similarly, control animals underwent passage
of the needle percutaneously into the valve of.the expansion

+

device without injection of saline.

In vivo skin tension measurements were perfofﬁed with a
precision tensiometer device designed and prowided by Dr. J.
Tyler of the Biomedicallpesign Centre of the University of
Alberta (PLATE 3). The device consisted of two 'curved
cutting surgical needles fixed on each side of the
slide~type éaliper of low mechanical resistance. Between
vth; caliper was é‘fine instrdﬁént—grade mechanical spring
with knowﬁ and fixed*ioa?/displacement rétio.' A miniature
DC displacement transducer with digital reédout (tolerance

0.0001 mm) was built into the device. The transducer
' .

Y



20

o]

PLATE 2. Tattooed grid on animal abdomen
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- PLATE 3. Precision skin tensiometer device for

indirect measurement of skin tension 4n vivo
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measured displacement of the caliper.

The use of the tégsiometer device involved the placémenq\\
of the surgical needles in a curvilinear manner into the
skin boundaries of each of the right lateral, mid@le‘ and
left lateral tattooed érid strips. The needles of the
tensiometer were fixed at a distance of 1 cm apart with the
instrument compressed and the transducer calibrated to 0.
The tensiometer was then a11§wed to relax and stabilizé for
2 sébondé .and the digital recading of the strain éauge
recorded.'_‘This was performed three times for each skin
strip area and the average value recorded.‘ 'Calibration .of
the deVice révealed that the device in full compressiog
provided a load of 112 gm. Spring constant K ih the. .device
Qas essentially li;ear over the full %ange 6f the
instrument. A load displacement ratio of 14 gm per mm was
found for the instrument.w Skin tension in gm was then
calculated :by the formula: skin tension = 112-(& x 14)°
where d= average displécement reaqing 6flthe tensiometer.
\klthough the insérﬁmént is referred to herein, and by
its inventor as a precision skin ;enéiométer, it measures
skin fension 'indireCtiy; The ﬁevicg.'in fact ”mgasu ésiv
d;splacement’of‘resting'skin ;n_xizg'résglting frpm,é ftixpd
ilﬁéarAtensilelforce. In'ad&itionito inﬁérént sk;pﬁtonalon,_

the amount of displaéemeht maisgred-ik.a,:unctipn. of ;;hﬁff
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stress/strain characteristics of the skin. Hence, the

measurement of displacement with fixed force could also be a

function of time. Time was held constant at two seconds of
loading for each observation. We attempted to hold the
stress/strain .characteristics of the skin constant by

examipation of the same anatomic location of skin site on
each animal by reference to the tattooed grid. Difficulties

in measurement of inherent skin tensions 1in vivo are

recognized in the liter;£ure (46).
v
In an attempt to gain an insight ipto the manner in
Jhich the skin stressed by the proceés of therapeutic tissue
expansion chaﬁges in surface area and surface area
configufééion, Dr. A. Peterson of the Department of Civil
Engineering , Faculty of Engineering, at the University of

d(Appendlx A). An electrically driven

Alberta was consulte
surface scanning machine consf§£ing of a highly sensitive
light reflective proberattached to a series oﬁ’-gﬁﬁpping
motors was developed and constructed gy the Depa;tmegt of
Civil Engineering (PLATE 4). During the proce;s of
scanning of the ¢ontour of the rat’s abdomen with fhe animal
fixed in a supine position under general anaesthesia, the
fi%aﬁ ,reflective- probe maintained a cohstagt distance of
2.54° cm from the surface from which 1light *was reflected
through a series of mechanical linkages and small electric

mptors with high power to weight ratios . ™R probe was
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PLATE 4. Head and light-reflective probe of three

dimensjonal surface scanner.
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moved in the X and Y axes through stepping motors, and

[ 4
driven in a scan sequence by an IBM PC XT computer (PLATE
, J
5). The computer was programmed -to arfve the probe back and

forth across the entire width and length of the tattooed
grid on the animal’s anterior abdomen. Each transverse pass
of ;he probe was 1 cm apart. The position of the probe tip
in space during the scan was digitized for X,Y and 2Z axes
and recorded by the same IBM PC XT computer, In addition,
each of the tattooed grid points on the animal’s anterior
abdomen was manually targeted through movement of the probé
controlled¢ by a joystick,and driven through the computer.
After targeting each of the tattooed grid poﬁnts,‘ the-
digital X , Y and Z axes digital informatién for each point
was recorded by the computer. Each computer scan and

recording of the tattooed grid points averaged 13 minutes.

.Y
- This was performed under general anaesthesia.
#

The animals in eath of the fodr study time period groups
underwentAa total of five scans, - equally spaceé over time.
At the time of each scan, body weight and skin tension wére
recorded. \ - - -

>

D. Determinations in Project B

Sixteen hours prior to sacrifice, each animal received
a single injection of 0.20 mL of tritiated ©proline in

saline solution (500 uCi per 1.0 ﬁL), into the lliac vein,

4
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)

PLATE 5. Setup of computer-driven three dimensiqnpal

-t
digitizing surface scanner.

-
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as in Project A. At the time of sacrifice, the animals were
anaesthetized and weighed after removal of the Michel wound
clips. The skin of the anterior abdomen over the tattooed
grid site was clipped with a small animal hair clipper and
shaved. At each of the inferior and superior poles of each
of the lateral skin strips, a single transverse incision was
made. A Kanon 0-25 mm micrometer caliper was used to
: -~
measure skin thickness of the upper and lower poles df each
of the lateral skin strips. The mean average measurehent
was recorded. Pressure applied to the skin during the
course of skin thickness measurement was held constant a£

100 + 3 gm through the use of the micrometer ratchet device

with click stops.

The general anaesthetic was continued in i.ch casé\ and
using a #20 scalpéi blade, the pre-deéermined ski strips

defined by the pre-expansion grid tattoo were meticulously
M

-~

excised. The strips were individually wrapped in Parafilm®

and labelled.
/

©

The breaking strength of one of the strips from each

animal was determined as previously described. This was
Q
performed within a few hours of specimen harvesting during

which time they were stored at 4°c.

The remaining skin specimen was weighed and stored at
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-20%c. This sample was later hydrolyzed and analyzed for
total hydroxyproline and specific activity of

hydroxyproline, as previously described for Project A.

E. . Dat Analysi

Data regardiﬁg mapping of the tattooed arid poihts in
three dimensions were entered into and ‘analyzed on the
Amdahl 5860 main frame computer at the University of
Alberta. All other data was entered into and analyzed on an
IBM T computer using Crisp statistics software. The
Mann—:;&tney statistical test for difference was chosen as
the test of choice because of the relatively small numbers
involved and the fact that this test,’being non-parametric,
makes no assumption aboﬂt the sample distribution. The
Mann-Whi;ney test is consequently considered to be a
conservative test for statistiéal difference. {if. alpha

level was set at 0.05.



ITI RESULTS

e

A. Project A

a. Body Weights

Examination of the body weights revealed a progressive
increase in body weights of each of the experimental and
control groups at each time period (TABLE 1). There were no
significant differences in mean body weights between
‘experimental and control dgroups for any of the times

_studied.

b. Weights of Expansion Devices

Examination of the weights of inflated and uninflated

. ,
expansion devices retrieved after sacrifice revealed no
-

evidence of 1leakage resulting in 1loss of inflation or

~

evidence of fluid accumulation in uninflated expansion

devices (TABLE 2).

~

N

c. Blood Urea Nitrogen

X

There were no statistically significant differences

found between the blood urea nitrogens of the control and

experimental groups at four, eight, sixteen and sixty-four

3

33
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TABLE 1. Body Weights‘of Experimental and

Control Animals in Project A.



Days

64

Table 1

Body Weiqhta

(gm,mean * 1 s.e.m.)

Experimental

271%5
27115

(p<O.

27016
2876

(p<o.

26417
2878

(p<o.

81)

0.35)

.42)

14)

05)

Control

273%5 ‘
273%5
(p<0.94)

27645
28245
(p<0.46)

273+8
28247
(p<0.39)

27214
29015
(p<0.103)

28018 11

30519

-~

a)adjusted for weight of ekpansion device

b%total of éxperimentals.and controls in éach time-group

(p<0.0£{11

-46
.60

.75
.75

c)a total of 12 animals were lost due to anaesthetic(7)
and post-operative(5) deaths
- t )

d)by Mann-Whitney test

35

p valued (<)
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TABLE 2. Weights of Inflated and Uninflated
, ‘

L4 3 13
Expansion Devices Retrieved

* )



ok oy

R ‘ Table 2 N
o Weight of Expander Retrieved

(gm,mean * 1 s.e.m.)

Days. Expg;iment&l , Control gb’c

4 '138.5%0.2 - 18.540.2 12
8 138.410.4 18.410.2 13 B
16 138.3+043 18.640.2 12
32 137.940.4 18.540.3 10
64 137:440.2 .18.5%0.3 11
re ",
N
-
‘\
\ A
\-
.
X
’ , N\
\
‘ \

b)total of experimentals and controls in each time-grbup
c)a ‘total of 12 animals were lost due to anaesthetic(7)
and post-operative(5) deaths
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. T A .
days (TABLE 3). A statistically significant difference
was noted between the experimental and contrél blood urea
nitrpogens at 32 days (experimental 19.0 mg/dL, control 22.1

mg/dL). A low standagd\error of the mean was also noted in

each of these two groups (experimental 0.6, control 0.7)

. d.r Breaking Strength

4 7
Results of testing of load to initial failure of the

skin speoimens\ revealed the breaking ‘' strengths ‘of the
experimental animals to be significantly de?reased relative
to controls at four and eight days (FIGURE 1). Mean ,
breaking strengths of both the control and e;perinentlir
animals - at 16 days.were‘loﬁer‘than those of all the other.'
time groups. However, there was . no , sfatistically'
significanfﬁ difference between mean breaking ‘stfength of
skin specinens of the experimental and control ‘animals in
the sixteen day group. Differences in mean bfeakingi

strength between experimental and contrpl animals at

thirty-two and sixty-four °‘days were not. found to? be

. . \ / . .
- statistically significant. . -
. ‘ ‘ 7 . . -
e. Specific Aotivity‘ o -

’ .
.S

o Ut S .,e:

At four days - after expansion, specifio‘ activity ‘of
tritiated hydroxyproline was found to be’ siqnificantly N
elevated by a factor of approxinagely ;ix fold 1n thc skin‘ ”f
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\

TABLE 3. Blood Urea Nitrogen Data for

r

Experimental and Control Animals in Project A.
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Table 3

Blood Urea Nitrogen
(mean mg/dl *+ 1 s.e.m.)

b,c d

Days Experimental Control n value (<)
4 16.61+1.3 19.120.4 12 0.06
8 17.2+0.7 18.320.7 13 0.09
16 21.7%1.6 20.2%21.3 12 0.45
32 19.0%0.6 . 22.120.7 10 0.02
64 19.340.8 19.8*1.0 11 0.86
£
L J
V4
/

b) total of experimentals and controls in each time-group

c)a total of 12 animalstere lost due to anaesthetic(7)
and post-operative(5) deaths ;

d)by Mann-Whitney ‘test .
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7

FIGURE 1. A comparison of breaking strengths
of skin specimer# from experimental and
control animals inIProject A. Standard errors
of the means are represented by bars. The
results of statistical analysis, as described

in the text, are showl at the top.

AEEN experimental animals

® control animals
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of the experimental animals relative to control animals.
(FIGURE 2). Statistically significant elevations of
specific activity in the skin of experimental animals were

also found subsequently at days eight, and sixteen

post-expansion. The difference in specific activity at

thirty-two days post-expansion, was not significant,
although the p value was <0.07. There was no difference in
specific activity in the skin of control and experimental

animals at sixty-four days after expansion.

B. Project B
a.Body Weight

Body weight of the four day experimental animals
decreased from a mean of 2275 t 8.3 gm to 249 + 5.7 gm four
days post-expansion (FIGURE 3). Similarly , the mean body
weight of the control animals decreased from 267 + 4.2 gm to

249 t 5.2 gm four days post expansion.

‘'The mean body weight of the 8 day experimental animals
did not change significantly over eight days . Similarly

there was no skgtistical difference in the body weights of
\ ~ .
the 8 day control animals in the 8 day time period (FIGURE
[

4). ¥ B ' .

/\ . ' . -
i .
- z
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FIGURE 2. A comparisom\of specific activity
of 3H hydroxyproline in skin specimens from
experimental and control animals in Project A.
Standard errors of the means are represented
by bars. //

a ‘ experimental animals

® control animals
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FIGURE 3. A comparison of body weights

(adjusted for
expanders) of
studied for 4

errors of the

weight of inflated or uninflated
experimental and control animals
days in Project B. Standard

means are represented by bars.

[ experimental animals

® control animals
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A

FIGURE 4. A comparison of body weights
(adjusted for weight of inflated or
ﬁninflated expanders) of experimental and
contfol animals studied for 8 days in
Project B. Standard errors of the means

are represented by bars.

k]

] experimental animals

® control animals
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Mean body weights _of the sixte&n day experimental
animals increased from 278 + 9.8 gm to 286 £ 8.7 gm over
sixteen days after expansion (FIGURE 5). The mean body
weights of the sixteen day control animals increased from
276 £+ 5.6 gm to 291 + 5.5 gm. This represented an average6
increase of approximately 12 g for the two groups.

The 32 day experimental group mean body weight increased
from 267 + 4.6 gm to 280 + 3.8 gm over thirty-two d&&s
(FIGURE 6). The mean body weight of the 32 day- control

animals increased from 265 + 4.9 gm to +294. gm. This

represented an average increase of 19 gm over 32 days.

°© -

b. Surface Area Changes

©

In addition to the overall 5 x 5 cm tattoo grid surface
\ .
area, several other component surface areas were analyzed_

(PLATE 6).

Surface areas of the entire 5 x 5 cm grid demonstrated
less variance than those of the lateral 3 x 1 cm strips
.;lone (Appendix C, Tables 9416). Mean surface are&s of the

tféﬁg' b4 .5 ém grid for each scan And each study group wére

examined.

&

/

Surface area of the 5 x 5 cm grid in the four day
, 3% . |
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FIGURE 5. A comparison of body weights
(adjusted for weight of inflated or
uninflated expanders) of experimental and

control animals studied for 16 days in

‘Project B. Standard errors of the means

are représented by bars. .

[ ] experimental animals

® control animals
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FIGURE 6. A Compa‘n of body welights

(adjusted for welght of inflated or uninflated
expanders) ¢f experlmental and control animals
studied for 32 days in Project B. Stancdard

errors of the means are represented by bars.

" expetrimental animals

N ® control animals

(
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PLATE 6. Artist’s representation of surface areas

scanned and analyzed.
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experimental group Iincreased immediately at the time of
expansion by 32.8 + 1.9% (fIGURE 7). Over four days this
remained approximately the same at 31 + 4.4%. In the
control animals over four days there appeared to be a small
increase in the first two days and a small decrease over the

last two days.

In the eight ‘day experimental group the'5 x 5 gr&iv
surface area increased 35.5% at the time of inflation and
demonstrated an increase to f41.5 t+ 5.6% over the remaining
eight days (FIGURE 8). The§8 day control animals’ surface

area changes showed an increase with time of approximately

1024 5.9%.

The experimental 16 dayﬁgroup exhib}ted a 29.5% increase
in original 5 x 5 cﬁ area immediateay with inflation of the
expander (FIGURE 9).\* This %ose to only 143% + 9.9% over 16
days. Control animals in the 16 day group underwent a 15.8%
increase in surface area of the original 5 x 5 cm grid over

>

16 days.

The 32 day experimental animals exhibited a 40% increase
in surface area of the entire grid immediqtely after
inflation of the expander and this rose to 162.4 + 5.3§ '
169.4 + 6.7% and 171.6 + 6.7% at 8,16,24 and 32 days after

expansion, respectively (FIGURE 10). The same pre-expansion
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‘

FIGURE 7. A comparison of changes in
surface areas of entire 5 x 5 cm grid in
experimental and control animals studied
daily for 4 days in Project B. Standard
errors of the means are represented by

bars. Surface area is expressed relative

to original (unexpanded) area.

] experimental animals

) control animals
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FIGURE 8. A comparison of changes in surface
area of entire 5 x 5 cm grid in experimental
and control animals studied for 8 days in
Project B. Standard errors of the means are

represented by bars.

[ ] experimental animals

) control animals
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FIGURL 9. A comparison of changes in surface
area of entire 5 xp5 cm grid in experimental
and control animals studied for 16 days in

Project B. Standard errors of the means are

represented by bars.

. experimental animals

® control animals
« ‘
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FIGURE 10. A comparison of chanées in surface
area of entire 5 x 5 cm grid ih experimental
and control animals studied for 32 days in
Project B. Standard errors of the means are

represented by bars.

-

[ | experimental animals

® control animals
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)y

surface area in the control animals rose 16.4 + 11.1% over

32 days. -

The surface areas of the pre-expansion central 1 x 1 cm
grid were q?mpared to tﬁ; surface area changes in the 1 c¢cm
periméter of the original tattoo grid (PLATE 6). At the
time of inflation similar increases in surface area were
noted in the two groups. After four days of expansion, thé
central 1 x 1 cm grid had increased a further 12% - in area
while the perimefer decreased 5.0% (FIGURE 11). In the
eight day group, the central 4 X 1 cm strip in the
experimental animals increased‘Z'further 38.2% while the
perimeter demé®nstrated a decrease of 3.9% (FIGURE 12). In
thé 16 day experimental group, the central 1 x 1 cm grid
increased in ~area a further‘{;Q% while the perimeter
increased in area 11.1% (FIGURE 13). 1In the 32 day
experimental group, over 32 dayS'pOJ‘.expansion, the central

1 x1cm grgg increased a further 78.5% and the perimeter

increased in surface area a further 36.9% (FIGURE 14).

/

L 4

»

c. Skin Tension 

In the four day'expe:imenta1 group, skin tension rose
from a mean of 67.5 g to 91.1 gnm immadintclyta£t¢f~lnflaﬁibn
o . . - \ ST :
of the expansion device (FIGURE 15).  Over ‘the. remaining .

four days, the skin ténsionvdecreaséd in a ‘éufvilinﬁq:



FIGURE 11. A comparison of %hanges in surface
areé of central 1 x 1 ¢m square and mean
surface ared-of perim;tkr 1 x 1 cm squére in »
experimental animals studied dajly in Project
B. Standard errors of the means are

represented by bArs.
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FIGURE 12. A comparison of changes in surface
area cf central 1 x 1 cm square and mean
surface area of perimeter 1 x 1 cm square in
experimental animals studied for 8 days in
Project B. Standard errors of the means are

représented by bars.
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FIGURE 13. A cbmparison of changes in surface
area of central 1 x 1 cm square and mean
surface area of perimeter 1 x 1 cm square in
experimental animals studied for$16 days in
Project B. Standard errors of the means are

represented by bars.
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FIGURE 14. A comparison of changes in surface

area of central/l x 1 cm square and mean

’

surface area of perimeter 1 x 1 cm square in
experimental animals studied for 32 days in
. ' . -
Project B. Standard errors of the means are .

represented by bars.

L)
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FIGURE 15. A comparison of jin vivo skin
tension in expérimental and control animals
studied for 4 days in Project B. Standard

errors of the means are represented by bars.

[ ] experimental animals

® control animals
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manner to 81.2 gm. The mean skin tension of the four day
control animals decreased slightly in a curvilinear "~manner

from 67.1 to 64.6 gm.

Mean skin tension in the eight day experimenfal animals
rose from 68.4 to 90.5 gm immediately affer inflaéion
(FIGUKE 16) and then decreased in a curvilinear manner to
78.5 gm over eight days. Mean skin tension im the control-§
day ;animals decneased slightly from 66.9 to 63.9 gm. The

. means were not feund to be gignificantly different;

-

- In the sixteen day experimental animals the mean skin
tensiénd rose initially to a value similar to those in the
ether groups and decreased to a value of '71.0 gm at day 18 .

'(FIGUR§137). Mean skin tensions for the sixteen day control

‘group dec eaeed very.slightly from 67.5 to 65.3 gm and this
e ¢ ~ '
. was not foumd to be statistically significant (p<0.27).

©

®

' Sk1n ten51on of the. 32 day experlmental anlmals rose by

* approx1mately 368 to a value of 90.4 gm (FIGURE 18) and

‘,dcreased ‘in an apparently linear manner to a value of 69.1
- ' - BN
1gm. Mean .skin ten51on in the 32 day» control animals

L3
[y

decreased from 68.5 to 63 0 gm. The difference in mean skln

tension between the exper1menta1 and control animals at ‘32

- [ )

days was_Yound to be 81gn1f1cantly dlfferent.
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\

<

FIGURE 16. A comparison of in vivo skin
tension in experimental and comtrol animals

studied for 8 days in Project B. Standard

- \ -
" errors of the means are represented by bars. —
a experimental animals

® - control animals

v
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FIGURE 17. A comparison of in vivo skin
tension in exfprimefital and control animals LT,
studied for 16 days in Project B. #Eandé?ﬁ .
errors of the means are‘representedfby bars.
‘ - [ ] experimental animals -

) control animals
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FIGURE 18. A comparison of in viwvo skin
tension in experimental and control.Pnimals
studied for 32 days in Project B. Standard

errors of the means are represented by bgrs.

a experimental animals

@ control animals
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d. Skin Thickne§s ¢

s/

The mean thickness of skin at the time of sacrifice 1in

the four day experimental "animals was found to ‘be
approximately 78% of that in the control animals (FIGURE
o \

19). Mean thickness of skin in the control animals at four

N

days, however, was found to be significantly lower than that

AN

of the contrel animals of the three other time period

groups. Mean skin thicknesses of the experimental -apimals
« : -..

appeared to(increase in an approximately linear manner from
four days to eight days, sixteen days and thirty-two days.

At thirty-two days the mean skin thickness . of the

experimental animals was found to be 94% that of the)

thirty-two day control animals. °©

e

-

e. Breaking Strehgth

No significant- differences betwéen experimental and
contrpl‘ groups were found at any of the four time periods
(FIGURE 20). The breaking strengths at four a;d eigh£ days
were very similar betweeﬁ‘thé experimental and control
group.' At sixteen days the breaking étrengths.of the skin
specimens eof the experimental animals appeared to be }owef
than those of controls'butrndf significahtly s0. Tﬁe P
value of <0.14 was partially, éontribu@ed to by a high

variance. At thirty—tWO»d§y5'the\méhn breaking strength of

\
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3 c

: t
FIGURE 19. A comparison of skin thicknesses

of specimens from experimental and control

animals in Project B. Standard errors of the

#
means are represented by bars.

~

= experimental animals

o ® control animals
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L4

A

FIGURE 20. A comparisbn of breaking strengths

of skin specimens from experimental and

———

control animals in Project B. Standard errors

of the means are represented by-Bars. i

. s

.

. ' [ experimental animals

) control animals. —
'y
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the specimens of the experimental: animals was highgr than
that of the control animals, but was ™ not found to ' be

-~

statistically sigpificant. N

e _

f. Specimen Weights.
.
» N ' /
Wet weights of the skin specimens of experimental
animals were not found to be statistically | different from

those of control animals at four, eight, _and sixteen days

after expan51on (FIGWRE 21). At sixteen days it was /noted

thas the mean wet weight of experimental animal Ygkin
spec1mens was 62% greater than that of the control animals..

At thirty-two days after eipansion the mean wet weight of"
| ’

skin specimens in thevexperimental group was found to be

N .

ll&% greater than that of the control wroup.

-

Analysis of lyophilized (dry) weights revealed findings
similar to those of wet weights  (FIGURE 22).. However, at

four daye the mean dry weight of skin specimens from

Aexperimental animals was found to be reduced 17% relative to

P
controls. This was significantly‘different at a level of .
<o 04. No significant difference Wae'noted in the mean dry- .
o : :
weights at eight days after . aneion. There was a°

significant difference between the experinental and control
]

ary weights at 16 days. Mean dry weight of the experinental

animals was found to be increased 868 over that o£ controls_

.\. ‘ o e fK&
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FIGURE 21. A comparison of wet weights

/

of skin specimens from experimental and

control animals in Project B. .Standard

errofs of the means are represented by bars.

\ (
\
\ n experimental animals

. @ control animals

J T
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c
FIGURE 22.- A comparison of dry weights
of skin specimens from experimental and

control animals in Project B . Standard

« errors of the means are represented by bars.

] experimental ganimals

) control animals
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at sixteen days.

Mean dry weight of skin specimens at thirty-two days

)
’ after(yexpansion was found to be 114% greater than that of

control animals.

g. Specific Activity

There was no difference 1in specific activity +« of
‘sritiated hydroxyproline in the skin specimens harvested
from the éxperimental animals versus the control animals at
four days after expansion (FIGURE 23).. However, at eight
days the specific activity in experimental animals was found
to be significantly elevated relative to that of. controls.
Similarly, a significant difference in specific activity in
the skin of experimental apimals relative to controls was
noted at sixteen days. Specific activity was also found to

Aal

be elevated in the skin of experimentai anim;ls relative to
control animals at 32 days. Of the three time periods at
which s8specific activity was found to be elevated in the
experiﬁental animals, the highest specific activjty was in

the eight day group.



[}

A
\ -

\ '
FIGURE 23. A comparison of 3H'hydroxyproline
specific activities in skin specimens from
experimental and control animals in Project B.

Standard errors of the means are represented

by bars.

a experimental animals

® - control animals
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h. Totallﬂydroxyproline Content

-An increase ~ in total hydroxyproline in the skin of
control animale wéas noted over 32 days «FIGURE 24). No
significant difference was found ig the total hydroxyproling-
content between experimental and control anima;s at four and
eight days. The total hydroxyproline , however, was found
to be significantly elevated in the 16 dayxz§nd 32 day
experimental groups, relative to controls. Tétal
hydroxyproline content in the skin of animals at sixteen
days after expanéion was fdund to be elevated ‘apprpximately
80% relative to that of control animals. Total
hydroxyproline in the skin of the experimental animals at 32
days was found to be app;oximately 50% greater than that in
control animals at thirty-two days. The rates of .increase
or accumilation of total hydroxyproline for éhe exﬁerimentQI

and control groups between 16 and 32 days were similar.
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FIGURE 24. \A)comparison of total

hydroxyproliﬁé content of skin specimens from

experimental and control animals in ?roject B.
tStandard errors of the means are represented

by bars.
= experimental animals

® control animals
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IV DISCUSSION

o>

» i

A. Project A
_ - ©
The most important finding from Project”A is that within
eight’days after induction of mechanical stress on the skin
'wthrough thefapeutic tissue e#pansion, collagen synthesis is
maximally stimulateq. At four days after expansion, there
is an approxi?ate six~-fold increase in rate of collagen
synthesis relative to normal nunstressed skiﬁ. CollagenA
synthesis in stfessed skin thereafter declines progressively
such that by sikty-foﬁr days after expansion, it returns to
: < .
norﬁal.

4

The decline in collagen synthesis activity seen between

<

four and eigat dayé post expansion is probably due to
degreased tensile\étimulption, Relaxation f; probably the
result of either one or a combination of: visco-elastic

(47)

creep remodelling, or addition of new collagen.

Expansion devices remained fully inflated throughout the

\ S

experimental period.

r
Mechanical stress induced by therapeutic tissd@

: ’
expansion 1is probably in the form of comp§fssion. of. the

dermis or tensile stress on the dermis, or poth. X\

Conceptually, the latter is the more likely to be

100

- - . . T e
’

’
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responsible for the increase in surface area, collagen
synthetic activity and accumulation of total hydroxyproline
content. Increase of jn vivo skin tension during the
process of therapeutic tissue expansion supports the idea
that tensile stre;s is the primary stimulant of dermal
changes during thérapeutic expansion. However, eomgressive

forces were not examined in this study because of a lack of

4‘satisfactory technique to measure these in vivo.

Tensile stress has been demonstrated by other
investigators to indﬁse celluiar changes. Hssegawa observed
rthat when mechanical stretching was applied to cultured bone
eells,\:either intermittently or continuously, over 2 hours,
there was a 64% incréase in the number of cells synthesizing
DNA pccurred(48). Tensile stress applied te'the-bene cells
also resdlted in increased incornpratidn of tritiated
proline and tritiated leucine. Brunette has demonstrsted a
rapid ' increase in the number of isolated epithelial cells
synthcsizing‘ DNA when exposed to tensile stress in
-_21;;9(49) Squier reported an ircreased mitotici&hdex and
progenitor cell population in epidermis of hairless mice
stretched by implanted rings in gixg "He reported
subsequent tissue hyperplasia to be maintaihed over 4 da&sv
lafter implantatiog£§°) ‘Francis et al. bserved a rise in

thymidine autorﬁdioqraphic 1abei11nq index in opidernis in

gixg ‘over silaséic implants in guinea piga(sl) ' Lorber. st'
. : L] ®
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-

4
al. studied egfects of tension on rat epidermis in vivo by
autoradiographic labelling and histologic examinaﬁﬂon(52).

They described histologic changes of cell elongation,

A

flatteiﬁng, "s\éparation and narrowling of subepithelial
vessels. Slight stretching increased labelling but with

further tension a point was reached beyond which 1labelling
decreased. He ascribed this to relative ischemia. As
previohs, Yen et al. hobserved that when tensile stress was
applied by an implanteq spring to the cranial sutures of
"mice, a rise in hydroxyproline specific activity of the
explanted sutures occurred(32). Specific activity increased
significantly 3 days after force application and remained
higher than in controls for up to 14 days. Peak collagen

synthetic activity was reported to occur at 3 days.

’
™

Blood urea nitrogens were studied to rule out metabolic
derangement ds a result of possible renal failure. This was
the first time that an animal model for tissue expansion had -
utilized a device placed intra-abdominally. Although
physiologically this is not unlike a pregnancy in a female
rat, there was concern regarding compression of the urinary
system or renal vessels, leading to possible obstructive
renal failure. There,was no evidence of this, ho&ever,
neither at necropsy “ nor b§ blood urea nitrogen s

determination.
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» R 3 -~

Examination of blood uréa nitrogens of the control and
experimental groups revealed no 'statistically significant
differences at four; eight, sixteen or sixty-four days.
There was a statistically Qignificant elevation in

experimental animals at thirty-tw& day this is not

°

considered to be clinically significant &s both of the mean
values of the control and experimental groups of 22.1 mg/dL
and. 19.0 mg)dL respectively are considered to be within +the

normal range of blood urea nitrogens for Sprague-Dawley

'rats(53).

-~

| \

Examination of breaking strengths of skin specimens in

Project A suggests that for a given post-expansion specimen’

size, the skin undergoing therapeutic tissue éxpansion is
initialdly compromised in its &fility to withstand tensile

loading. The teason for the apparent decreased values in

load to initial failure for both the controls and

experiﬁental animals at sixteen’;dayg post-expansion -is.

unclear. The possible'causLs for this apparent abberation
may have been ill health of bothiof these groups of animals:
a problem in preservation of thé.épecimens (e.g. #freezing)

or perhaps miscalibfgtion of the'ténsile testing dexice.

However, there was no direct evidence of any one of these.

High:- variange in each of the groups contributed to
statistical insignificance between Qx_periﬁo‘ntus;; and

controls at days sixteen, thirty-two an&.iixtyftogr;"rt i-,

N
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- ~
however, apparent from examination of FIGURE*sl thaf, at

leagt initially, the ability of skin under the stress of

therapeutié tissue expansion tp withstand tensile 1load is

compromised. | -

B. Project B

The differences in trends and weight patterns between
the four time groups suggests that the animals were
adversely affected Py the frequency of: ﬁhe anaesthetic.
There appeared to be a direct relationship between . frequency
of anesthetic and‘weight loss. This is especially noted in
the animals which underwent daily anaesthesiagsfor a period
of fouf dayé. Both experimental and control animals of the
4 day group of Project B 1lost wqight aaily. Moreover,
animals in the four day gfo&p of Project A demonstrated no

*

such weight loss. ~

That frequent repetitive anaesthetics had an adverse
effect on the animals is also supported by comparison of -the
collagen sYnéhetic activities between the animals of Project

A and Project B. — A dramatic increase in collagen sfhthetic

_ Tactivity was noted at day four post-expansion in Project A.

No significant increase in synthétic activity was noted in
the four day experimentai animals of Project B subje d to

anaesthetics. In. Projé&ﬁgvs, an “increase in collagen
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»

synthetic activity was not noted umtil day eight after
expansion. Examination of the body weignte of these animalsg
revealed that the 8 day animals which were subjected to the
general anaesthetic every two days were able to maintain‘
their body weight. It ispalso noted that collagen synthetic
activity remained higher in experimental animals comparea to
control animals at thirty-two d;ys in. Project B. .. These
findings suggest that frequent anaesthesia had the'effect of
'gshlftlng the curve of collagen synthetic activitx in the
skin of therapeutlcaily expanded animals - to the right,
effectively delaying the response to tensile stress. »
Frequent general anesthesia may have affected ftne

P

metabolism of the an?mals of Pnpject B in two ways. Gendral
anaesthetics , in particuiar, directly affect chemoreceptor
trigger zones of the medulla oblonéata inducing nausea and
gastrointestinal upset(54) Single dose exbosures to
general anesthetics in humans leads to an incidence of
vomiting of 27 £o éa\percent(ss). Despite its common*uee as
a general anesthetic in . small animal apnlication,

v

) methoxyflurane has been shown to‘have ﬁ rem‘fkably long
whole body single dose waéh-out time of 10 to 29 hours. (56)
In the four day animals having received methoxyflurana cvary
24 hours this would nave resultad 1n 11ttlo contral nar.vo;us‘ |
system recovery over rour days ot repotitivz*;EBE;EEZT wﬁth‘

—- conseqqant anorexia and gastrointcstinal upcaaﬂ.A: A3 nmore



106
o
p{ofOuhd effet thatJrepetitiVe methoxyflurane may have had
on, the metabolism of Project B animals is through frée‘
fluoride 1ion toxicity. r\Fi‘ee fluoride is e‘product of the
metabolism of methoxyflurane and can lead to renal ‘failure.
Fluoride toxicity has been shown to %e a product of 1length
and frequﬁEY“Ur‘exposures whlch leads to a critical 1level
above whic toxicity gccurs( 7). Its spéciflc effect on
wound metaboligm does not appear to have beep reported_
' although free fluoride is metabolically toxic. Free
,fi;eride inhibits many enzyme systems including those of”the
glycolytic pathway. Clinicdlly this is characterized by
weight loss'and'weakness(ss.) Again the four day animals
weuld be most affected in view of the slow wash-out time
associated with qethoxyfluranes It shouldebe noted that no .
adverse effect on 'blood urea nitrogeﬁ by single dose
exposﬁfe to methoxyflurane was observed in Prgject‘A.
\" '

It is conceivable that genera}lanesthetic agent itself
may'have had a direct negative effect on bollegen synthesis.
Fauss et al. (59) reported that nitrous oxldg,and 1sof1urane

- inhibited ADP-induced platelet aggregatlon'whlle O’Rourke et

a1.(%%)  ang Evangelista et alJ(él)

demonstrated an
inhibitéry effect of barbiturates on platelet aggregation.
Dalsgaard et al. (62 founa thet halothane impaired both ADP’
" induced and collagen induced blatelet;aggreg&tion. Because.

; platelet aggreéétion is an important gart of early wound

P
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healing, it may be that inhibition of platelet - aggregation;

indirectly adversely affected collagen \synthesis -\ .7

»

iigrticularly in those animals subjected tos the more frequent
anesthetics. However, Kanta et -31.(63)* Eeported. that_
topically administered local ,anesthetics; increased
hydroxyproline levels in wounded tissue. Vasseur et al.(6§)
.reported no effect of lidocéine and bupivicaine on the *
breaking strength of wounds.  Algie et al.(ss) fepoited no
effect on theTgeneral anesthetic agent nitrous oxide on.
wound healing.
Although it seems obvious that therapeutic expansion’.of
skin . should bring about an increase in surface area, this-
-~ has *been objectively ‘demonstrated - in tnis - study.
Examination of surface area changes reveals an initial
approximately forty percent increase in skin surface area at )
the time of expansion. This is probably the direct result
of biomechanical propert es of the skin , particularly

| viscoelastic creep. Howevey, a second phase of change” in:

“‘skin surface area with time has been denonstrated. Noted;<
particularly in the sixteen day and thirty-two day group'
experimental animals, was & further inqrease in surtacej,i
area. The gain in surface area realized immediately at the
time ‘of. expansion was’ matched by an approximataly equivalentv itfﬁé

" increase in surtace area over the remaining thirty-two daye.‘ii;‘{f

‘ The second phase of gain in surface area‘ie probably the e:

© -

S
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3 result of either remodelling or the addition of connective

4¥ :tissue. The increase in surface area of approximately 11%

iéggzer thirty-two days in 'the control animals probably
reflects growth. This is also Pupported by the demonstrated
weight gain of the thirty-two day animals. Both control and
experimental animals of the four day groups appear to have
undergone a slight decrease in surface area over four days.
This may ha;e been the result of a @ecrease in body weight
experienced by both groups at four days.
\

Comparison of changes in surface areas of the central 1

x 1 cm. square compared to the mean perimeter 1 x 1 cm.

square with time suggests that initially the two different

areas of the skin overlying the expansion device contribute
\

4

time of inflation. However, with tim“fg! second phase of
& '

increase of surface area is contributed to more by an

pproximately equally to the gain in surface area, at the

increase 'in surface area of skin located centrally (over the
apex of the eipansion device), than those areas located more
peripherally. This was particularly demonstrated in the
thirty-two day group but was true for all four time groups.

The finding'of disproportioné%e contribut;on to increase in
surface area. agrees with Brobmann et al.(66) and a

(67)

preliminary report by Leighton et al. They also

ebserved the greatéét change in surface area to take place

«éentrally during expansion in pigs. Neither iepdrt ,

4
AN
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A
v

however, commented on an apparent two ' phase eincrease in
A\
surface area demonstrated here. That the increase in

surface area observed centrally was not the result of
stretching of the wound was suggested by the lack of
observation of widening of the incisional scar at the time
of skin harvest. Furthermore, a sim(§;}/>3)fferential

increase in surface area was observed in skin a(%as located

N

intermediately between the center area bearing the skin

~—~

wound, and the perimeter - i.e. sareas A and C (PLATE 6) (See

APPENDIX <€, Tables 14-17,22-29). There was a similar"

intermediate increase in surface area of intermediately
4

located areas relative to the peripheral and central study

areas.

Skin tension overlying the inflated expansion devices
increased at the time of inflation, by approximately
one-third of normal skin tension. With time, skin tension

returned towards normal values. $

.

It appears that the thickness of therapeutically
) [¢]

L)

. . _ ,

expanded skin is compromised. This is particularly noted
-

early during the expansion process. However, with time

thickness tends to return towards normal.

¢ vt

.t
Although -the ability to withstand ﬁensilo stress was.
initially shown to have been compranilod'by tissue oxpanlionb

in Project A ; there were no statistical differences in the

» . ¢ -
- -
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/f
_breaking strengths of skin specimens between experimental

and control groups in Project B. Project A examined a skin
strip spécimen 3 x.1 cm. in dimension after the process of
skin expansion and the resultant increase in ghrface area
had‘ occurred Project B examlned\a skin strip specimen
which was 3 prior to therapeutlc expansion and the
resultant >egsz 1n surface area. It is interesting to
note that for example in the four day group of Project B
there was an approximately twenty-five percent decrease in
thickﬁess but an approximate thirty-three percent increase
in surface area. If the skin specimen had increased 1in
surface area proportionately in length and width, this would
represent an aﬁ%roximate fifteen percent increase in width
of the specimen. In tensile testing of materials,
cross-sectional area of the specimen is an important factor,
secorndary only to the material properties of the specimen.
Since in Project B it appears t?at for each time group, in
the experimental specipens, a decrease in skin thickness was
accompanied by an increase in width, these would be
offsetting and would result 1n\break1ng strengths 51milar to
those of control animals. This is indeed what was observed
over the time periods. However, in view of information that
we have that skin thickness %Ecreased towards normal\ with
time and skin surface area increase persisted with time, as
well as information that total hydroxyproline content

increased with time, we %eventually would expect to see an

' A
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increased mean breaking strength in the skin specimens in
the experimental animals of Project B. This Q&s nét
demonstrated although- it is noted from FIGURE 20 that at
thirty-tﬁo days, for the first time, meansbreaking strengths
of experimental animals were greater than those of control
" animals, although the increase was not gtatisticaliy
significant. It is possible that ther new collagen
accumulated is immature and poérly‘cfoséllinked. , It may
also have been because of a relative accumulation of Type V
collagen as reported by Vander Kolk et al.(41). However,
the most likely explanation for the lack of an observgtion

1
of increase 1in tensile strength in expanded tissue comes

from Doillon et al.(69).

Thése workers studied wounded
guinea‘ pig skin under tensile stress and reported that
during the first 28 days of collagen synthegis, although
increased numbers of collagen fibers were observed by
scanning electron microscopy, these were of, much smaller
diameter than norqgl. Between 28 and 90 days after wopnding,
© few new collagen fibers appeared but individual coilaqen
fibers increased in diameter and this correlated with the
rehod;iling phase of wound healing. At 180 days \tho
diameter of the collagen fibers and fiber morphology, was
observed to be normal. There ' was Q positive direct

relatiénship‘ Setween collagen fiber diap;tor and . wound

tensile strength. . °
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Specific activity of tritiated hydroxyproline is
presently considered to be the most satisfactory method to
study collagen synthetic actiQity. Iﬁ view of the results
of Project A the fact that specifié activity in the skin of
experimental animals at thifty-two days was still elevated
relative to control animals was initially unexpected.
However, it appears that in these animals at thirty-two
days, there was still a stimulus to synthesize collagen, in
that mean skin thickness was approxima}ely five percent less
than normal, and skin tension remaihed elevated

approximately‘Q§ above normal.

The observation of a modest increase in total
hydroxyproline content in the specimens of control animals

(70) They reported an increase in

concurs with Fry et al.
tensile strength in the skin of rats with age, in part due
to an increase in collagen content with age.
J

The demonstration of increased wet weights and dry
weights of skin samples with time in the experimental
animals supports th oncept that there is acéumﬁlation of
new tisssue. ' The tissue is collagenous as evidenced by
increases in hydroxyproline content. Collagen degradation in
therapeutically expanded tissue has not been studied.

However, collagen synthesis and a net accumulation of

collagen in response to therapeutic dermal expansion have
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been demonstréted.

With this information ‘regarding differential and
biphasic contributions to surface area, increase inccollagen
synthesis and net increase in collagen (new tissue in
response to tissue expansion), as well as resultant decrease
in skin tension and a return of skin thickness toward
normal, the reconstructive surgeon may moif accurately plan
soft tissue reconstruction with more predictable clinical
results. This Kknowledge should not only lead to more
predictable results in the quality of ﬁhe f;nal
reconstruction but also.decrease the frequency and severity

of éomplications encountered toward that end.

If new tissue is generated in response to tissue
. 1)

expansion in the form of coilagen, what then is the
physiologic and clinical limit?.' The answer. yet Tremains
unclear. Results of the research reported herein suggest in
the 1long ferm the Ximit may not be thinning or lack of.
tissue. While basic research continues, larger clinical
goft tissue, de:ects are being'reconstrﬁcted by means of

tissue expansion(ﬁa).

A part of the. futurg of
reconstructive sprgery lies in the complete _hpdic science

answer to the question of the limit of tissue o&pansidn.



V  CONCLUSION

A model for the étudy of the effects of therapeutic
tissue expansion on the skin of rats has been developed.
The model used a Dow Corning self-contained-valve tissue ;
?xpansion device inserted into the peritoneal cavity of
Sprague-Dawley rats. No adverse effects were noted at least

as evidenced by body weights and blood urea nitrogens.

.

A
~

:L; »
In the dermis of skin subjectéa‘to therapeutic tissue
expansion the following changes occur. Immediately there is
an increase in tension and, surface area overlying the

expansion device. Skin tension decreases with time within

24 hours after expansion.

The increase in surface area occurs in two phases. The
first is an immediate incfease brought about at the time of
expander inflatioh. A second slowver phase occurs
thereafter. Initiaily a large area of skin participates in ta
the surface area chahge but with time skin Llocated most
centrally over the apex of the expansién device contributes

maximally"to the increase in surface area.

Although iniﬁially compromised , the thickness of §kin'

subjected to therapeutic tissue expansion returns towards

L

normal.
114
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o A ‘
Collagen synthesis is stimulated by therapeutic tissue

expansion. With time there is a net increase in collagen as
evidenced by increased total hydroxyproline. All of the
changes noted are probably the result of cellu}ar .and
physiologié mechanisms which attempt to‘feturn towa#& normal
the local cellular environment with respect to pressure and
or tension. The responéeg observed are probably homeostatic
mechanisms directed towards maintenance of normal pre-stress

pressure , skin tension or skin mass per unit area. - \

¥ *
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APPENDIX A

Three Dimensional Digitizer1

Overview

This document is intended to give a brief description of
the design, development and application‘of a micro processor

controlled three dimensional surface scanner.

The device itself has been developed by Professor A.E.
Peterson of the Civil Engineering Department and is based &n
an earlier scanner built to contour scour\holes in hydraulic

studies. ~The river scanner was much modifiled and refined

3
A

f&r.precision use on small animals.
System Requiremehts \

1. The scanner had to be able to generate an accurate

surface area model of the subject’s (in ' this case the

subjects would be whit;'rats) abdominal area. The abdominal

area to be scanned would be a square approximately S

centimeters én a si ei The surface would be continuous and

texture and coloration.

more ‘'or less uniform)i

2. In addition, the scanner had to be able to 1locate

specific reference péints on the test animal and in

LY

3 N .
“written in conjunction with Robert Mclaren, undergraduate student,
Faculty of Engineering, University. of Alberta
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processing the data  certain surface areas had to be
calculated using the reference points as boundaries.

3. The scanner_ had to gather its data in a manner that
would not disturb or deform the rat’s delicate abdominal
area. 1i.e. indirect sensing was required.

. . .

4. The complete scanning proceés had to be completed in as
short a time as possible, since the test subjects had to be

«

kept under a general ‘anesthetic while undergoing the scan.

-~

Due to the nature of the anesthetic, it was in the interest
D)

of the animals to keep them under for as short a time ‘as

possible.
U

With the requirements in mind and th fact that an

- System Design

operational scanner was available, we went about the process
of trapsforming'the basic three dimensional scanner into an
" integrated syétem that would meet all of Fhe specifications.
‘ﬁardware Configuration
The actu#l physic&lyscanner is modeled on a tpreg
axis (X,Y,2) orthogonal coordinate system.’ . ‘

X,Y Axis Control

s

J ~ The 'X and Y axes are implemented using a mgtcbad-
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]
pair of UniSlide Motor Driven Assemblies. Each assembly

consists of a step motor driven worm gear running the length
of it which is used to move the mounting bracket. In this
particular configuration, the assembly that provides the X
axis motion is mounted directly to the slider of the bed
which provides the Y axis motion. 1In this manner by varying.
the 1location of the X and Y axis slides, any (X,Y)
coordinate can be'reached. " The range of thé two arm system

is 11.8 inches in the Y dirgction and 9.5 inches in the X

A

direction wigh a resolution of 0.005 inch.
! .
!

Z Axis Control

Mounted to the slider of the X axis arm is the optical
feedback probe used to g%@her the 2 axis data.

The probe consists of a tube COntainiﬂé a fiber optic
cabléﬁ The tube is connected via a chain and sprocket drive
to a servo motor which can adjust thé) elevation of the
probe. At the top of the probe, par£ of the fiber optic
bundle has been separated from the main body of the cable. A
small 1light is connected to the top of the tube so t it
shines down the main body of the fiber and a photo ode is
alsosmounted at the top of‘thé tube so that it is triggered
by any light returning up the separated fibers. The output
from the diode is fed into a balancing circuif. The other
ihput to the balancing circuit is a reference level voltage.

' The output of the balance circuit is connected to the servp

4
5

-~/

rd



motor,éontrolling the hejght of probe.
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Simply speaking, the balancing kircuit works by

adjusting\ the probe height (by varying the output to the

servo motor) until the signal being received from the photo

diode is equal to the reference signal.

For example, if the

probe is oo close to the surface, the light intensity being

reflected up the ' tube is more intenée.'

This, in turn,

causes the output from the photo diode to exceed the-

reference signal level and the circuit turns the servo motor

on, raising the probe until the two input signals balance.

The probe height . is measurgd
potentiometer connected to one of the
probe’moves up and down the output of a
into the potentiométer varies with the
of the sprocket. The output voltage

linearly with the probe heiéht.

Scanner Control

The complete scanner was interfaced to an IBM XT micro

using a rotary -

sprockets.. As the

reference signal fed

g

number of rotations

wa

s found to vary

A ]

s

compﬁter. The computer provided two¢functions.; First, it

controlled the motion of the scanner and second, it wgs used

»

~4

to collect and record the XYz coordinates. .

The motion of the scanner was controlled by  the spftwarg'

/

which sent trigger ﬁqlaes to the steppér mbtors “via an'

RS-232C serial iﬁterface., A&joystick ‘was also 1nteqratcd

into the system \to allow for manual - positioning of the

/ a .
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probe. By counting the number of step pulses sent to the

o
step motors the software always knows the X and Y

coordinates of the probe. ‘
The dutput from the rotary potentiometer.-on the fiber
optic probe was fed into an Analod&to-Digital Converter and
R

in this way the Z coordinate codldfbe calculated.

N o

Testing and Caltbration
Onc%g’ cbnstructlon and integration of all of the
hardware co 0 ents was complete, it was necessary to verify

the performance of the system. 1
¢

Step Motor Testing ) » o

The gtep motors were tésted.by.driving the XY arm®¢ over
a series of calibrated cdhfsgs and measuring the error at
the completion of the courééiﬁ?;ihkﬁﬁis manner the error in
the XY coordinates was foundftofbe sénsmall fhat it éid not
require any correction.

Optical Feedback Probe Testing

The optical prqbe was put tprough a series of tests to
"measure its performance. Several aspects of its operation
were investigated.

1. Color and texture sensitivity -psincé the ”proge
height above thé object was dependent upon the amount of

B

light reflected back up ‘the fiber optic tube, it was ‘found

- «:
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PO

~ that surface color and ‘texture affected the-égtuéi distaﬁce
between the probe and the object. If fhe ébject was of
uniform color and texture, the perf&rmaﬁbe of the probe was
found to be acceptable.

The probe therefore was capable of_

providing accurate
informatién about thd relative v 410 'differences on an
dbject but not its absolute elevation with respect tbl some

remote datum.
{ » . ) ®
\

)
v

2. Slbpe of surface - Again it was détermiﬁedlxhat _as
the slope of the surface iﬁbréaséq the - refiec?ed iight
received by the probe decreased. jkhis resultéd in the
absolutq. distanée between the probe and the ;bject varying
as th% slope of the‘surféce. ) . | )

After measuring the result; on mény? surfages a
polynomial correction factor was found that provided a good

recreation of the"-original object.

"t
Id
£

3. Discontinuities - It was found that' becauge of the

manner in which the probe operated, it could not reproduce

[ ]
discontinuities in a surface. The only solution found was

to avoid scanning such a_surface. ‘This was not a. problem
for 6ur application, however, since the rat's.-abdom59
provided a smooth, continuous surface. "

_ )

.- -

13
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Software Developmen€ and Data Analysis
o ; : e
Having a working scanner with known operating parameters
and- limitations, an operating system could be designed and
implemented to control the operation of the probe and the

subsequent analysis of the data. .

Operating System ‘\\

A software package was developed that allowed the
operator of the scanner to callbrate the probe, calibrate
the joystick and customize the Aparameters.,ofiﬂthe scan
itself.‘ This included setting tHe area‘of the scan and the

~ \ ,
resolution. The raw scan data_wﬁich coﬂsisted of X,Y,Z

written to a

tripletsAalong with optional comments\gas the

data file on a disk. Y

Post Processing and Analysis of Data’

. The next part of the software package wéé a program
that applied the slope correctlon ‘to the. data. At this
paint the data was transferred to the Amdahl main frame
computer ‘“for the numerical and statistical ana1§51s. The' ‘
final piece of software processed all of the data ﬁiles :

‘ gathered during the course of the study and calcdlated the
desired surface areas, . the changes in the specified areasp

|

some basic statistical calculation® on the data, -

specific groups of data. It also performed
1w

and totals for

&
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Data from Project A
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,\\ APPENDIX B
Data from Project A
Table 4

Breaking Strengths
(gm,mean * 1 s.e.m.)

Experimental Control gb’c P valued(<)
122448 1715+195 12 0.02
1586197 2000*216 13 0.03
904189 11502117 12 0.20
13151389 24201198 10 0.09
16651177 23401335 11 0.14

Table S

Hydroxyproline Specific Activity

(3H d.p.m./mg dry weight,mean + ls.e.m.)
Experimental Control n®’ € p value?(<)
19884650 336+24 12 0.01

696+92 169+2 13 0.01
534469 205%21 12 0.0%
518176 281+*46 10 0.07
197435 337+42 11 0.14 .

b) total of experimentals and co?zizis in each time-group

é)a total of 12 animals were lost

post-operative (5) deaths

d) by Mann-Whitney test

136

e to anaesthetic(7) and



APPENDIX C

Data from Project B

135

{



138

APPENDIX C

Data from Project B v

-

Table 6

Body Weights of 4 Day Group
. (gm,mean * 1 s.e.m.)

Experimental .- Control gb p_yglggd(<)°
27518 2674 12 0.12 ’
27218 & 26514 12 0.15
2647 | 260%4 12 0:46
25716 25314 12 0.§3

- 24916 24915 12 0.85 .

\
. ~
Table 7

Body Weights of 8 Day Group
(gm,mean * 1 s.e.m.)

Experjmental Control gb'e P valued(<)
279%9 28014 ’ 10 0.84
27919 28014‘ - 10 - 0.65
28017 28014 * 10 0.76
2806 28014 10 0.48
27915 28114 10 0.38

b)total of experimentals and controls in each time-group

c)a total of 12 animals were lost due to anaesthetic(7)
and post-operative(5) deaths ‘

e)2‘animals were lost due to anaesthetic and deaths

~



Table 8
Body Weight of 16 Day Group
(gm,mean * 1 s.e.m.)
Days  Experimenta control nb’f
0 278%10 27616 6
4 28119 28116 6
8 28419 28417 ﬁ6
12 28518 28916 6
16 28649 29115 ’ 6
. Table 9
Body Weight of 32 Day Group
(gm,mean ¥+ 1 s.e.m.)
Days  Experimental contro)r  n°'9
0 26715 ’ 26515 10
8 271%4 2714 1c
16 27414 27715 10
24 277&4 ‘ 28414 : 10
32 280+4 29015 10
\/ 4

[

APPENDIX C

Data from Project B .

p value® (<)

b)total of experimentals and controls in oach timo;group'

£)6 animals were lost due to anesthetic(4) and post-

operative(2) déaths

g)2 animals wére‘lost due to anaesthetic deaths

]
-
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Days

Pre-

Data from Project B

APPENDIX C

Table 10

skin Tension of 4 Day Group

(gm,mean * 1 s.e.m.)

Experimental

expansion 67.440.7

0

1

Days

Pre-

91.11%0.5
88.3%0.9

84.6%0.7

81.210.8

Control

67.010.6

67.4120.7

66.7+0.4

64.610.4

Table 11

b

n

12

12

12

12

12

140

d
p _value (<)

0.01

Skin Tension of 8 Day Group

(gm,mean * 1 s.e.m.)

Experimental -

expansion 68.3%0.6

~—

. . 1
¢ d)by Mann-Whitney test

A%
NG

0

2

T4

g

. - O ‘
b)total of expefimentals a

e)2 animals were lost due to anaesthetic

90.5%0.9

/34;?10.5

81.240.7

79.610.8

&
78.5%0.7

.

-

e

-

Contrel n°'®  p value(<)
J \ \

66.9%0.5
66.510.4

T
64.310)6

63.910.9

L controls in each time-group

| 65.610.6

&

10

d deaths

Y

'

\;4
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APPENDIX C
Data from Project B
Table 12
Skin Tension of 16 Day Group
(gm,mean + 1 s.e.m.)
Days Experimental Y Control ﬂb'f p_!glggd(<)
Prej
expansion 67.1%*0.9 . 67.6%0.9 6 0.01
0 90.2%1.0 - - -
4 85.6+0.8 \Z 67.4%0.6 6 0.01
8 78.3%1.2 66.616.7 6 0.01
12 73.0%1.6 66.0%0.5 6 0.01
16 71.1+1.3 /f65.3i0.4 6 0.01
_Table 13 \
(gm,mean + 1 s.e.m.)
Days Experimental . Control 2”9 p valued(<)
Pre- ~ ] -
expansioh 66.410.7 68.510.9 10 0.01
0 90.410.8 - - -
8 85.410.4 66.210.8 . 10 0.01 .
16~ 80.0%0.8 ~ &5.720.9 10 0.01"
24 74.840.5 83.840.5 i0 0.01
32 69.10.6 63$ﬂ§0.7 " 10  0.01

d)by Mann-Whitney test

£f)6 animals were lost dﬁg to anesthetic (4) and
- post-operative(2) deaths - .

g)2 animals wvere logf due to anae;theﬁic dea@h;
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APPENDIX C

Data from Project B

Table 14

Surface Area lLateral 3 x 1 cm Strip 4 Day Group
(relative to pre-expansion area, mean * 1 s.e.m.)

Days Experimeptal Control gb R valued(<)
Pre- ’
expansion 1.0010 - 6 -
0 1.40+0.06 1.00%0 12 0.01
1 1.41+0.05 1.1710.05 12 0.01
2 1.41+0.06 1.13%0.03 12 . 0.01
3 l.ﬁ610.07 b 1.05%0.04 12 0.01
4 1.42+0.08 1.03%20.02 12 0.01
Table 15
€ cm ip 8 Day Grou
» (relative to pre-expansion aﬂ‘a, mean * 1 s.e.m.)
. Days Experimental control n?®  p valued(<)
Pre- A
expansion 1.0010 - 4 -
o 1.41+0.07 ﬂl.OOiO ) 10 ‘ 0.01
2 1.4410.05 1.05%0.06 \ 10 0.01
¥ 4 1.4610.05 ; I.QS10.07 10 0.01 1
6 1.5240.05 ! 1.1740.07 10 0.02
8 1.4810.07 1.07+0.06 10 0.01

b)total of experimentals and controls in each time-group
d) by Mann-Whitney test

e)2 animals were lost due to anaesthetic and deaths
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APPENDIX C.
Data from Project B
Table 16
Surface Area Lateral 3 x 1 cm Strip 16 Day Group
(relative to pre-expansion area, mean * 1 s.e.m.)
Days Exéerimental gont;o;- nb o) vglggd(<)
‘Pfej
expansion 1.00%0 : - 3 . -
0 1.301x0.09 1.00%0 g 0.01
4 1.35%0.11 '1.1110. 02 6 0.04
8 1;3210.12 1.2410.04 6 0.544
12 1.4240.09 . . 1.25%0.05 6 - 0.18
16 1.4310.13 1.22+0.05 | 9 0.22
Table 17'
Surface Area Lateral 3 x 1 cm Strip 32 Day Group
~\\ - (relative to pre—expipsion area,mean * 1 s.e.m.)
Days Experimental Control 0®'9  p vauded(<)
Pre- ‘ .
expansion 1.00%0 . - ’ 5 -

0, ‘1.51+0.04 1.0010 <10 0.01
8 1.71+0.08 1.2110.01 10 i Ofdl !
16 1.750.06 1.1210.0& 10 0.01 -
24 1.7510.09 1.15%0.07 ° 10 0.01
32 1.9110.10 ‘1.16£0.11 10 . 0.01
bftotal of experimentals and controls in each time-group -
d) by Mann-Whitney test o ] ! LN

g)2 animals were lost due to anaesthetic and deaths'_

1



APPENDIX C
Data from Project B "
Table 18
surface Area 5 x 5 cmgrid 4 Day Group
(relative to pre-expansion "area, mean + 1 s.e.m.)
Days Experimental Control gb p_xglggd(<3
Pre- . |
expansion 1.0010 - 6 -
0 1.33%0.02 1.0010 12 0.01
1 1.33120.03 1.07%20.02 12 0.01
2 1.33120.05 1.06%20.02 ‘ 12 0.01
3 1.33+%0.05 0.9810.02( 12 0.01
4 1.3110.04" 0.96+0.03 12 0.01
Table 19
‘Surface Area 5 x 5 cm Grid 8 Day Group
(relative to pre-expansion area, mean * 1 s.e.m.)
Days Experimental control . n™'® p valued(<)
Pre- )
expansion 1.00%0 - - 4 -
0 1.36+0.03 1.00%0 10 0.01
2 1.3720.05 A 1.03+0.06 10 0.01
4 1.39%0.05 . 1.0310.05 10 0.01
6 | 1.43:6.o§ 1.10£0.07 ' 10  0.02
8 1.42+0.06 1.1010.06 10 0.01
b)total of experimentals and controld iﬂ éach time-group
/d)by Mann-Whitney test

e)2 animals were lost duée to anaesthetic and deaths'

Il

I
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Days  Experimental Control o®'®  p valued(<)
Prej
expansion 1.0010 - { -
0 1.3040.04 1.00%0 6 0.01
4 1.2840.06 1.03%0.02 6 0.01
8 1.30+0.08 1.15+0.05 6 0.18
12 1.41%0.07 1.15%0.04 6 0.03
16 1.43%0.10 1.16%0.05 6 0.05
Table 21 .
Surface Area 5 x 5 cm Grid 32 Day Group
(relative to pre-expansion area,mean + 1 s.e.m.)
Davs  Experimental control a’®  p valued(<)
PreT )
expansion 1.00% - 5 -
0  1.40%0.03 1.00£0 10 0.01
8 1.60%0.05 1.16+0.04 10 _0.01
16 .1.6910.07 1.14+0.06 10 0.01
24 '1.7210.07 1.18%0.06 10 0.01
32 kx:1910l09 10 0.01

b)total of experimentals and controls in each time-group

d) by Mann-Whit?ey test ‘

APPENDIX C

Table 20

Data from Project B

Surface Area 5 x 5 cm Grid 16 Day Group

(relative to pre-expansion area, mean

1.83%0.05

4

1 s.e.m.)

" e)2 animals were lost due to anaesthetic and deaths

[
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APPENDIX C
fs

Data from Project B
- Table 22

Surface Area Central 1 x 1 cm 4 Day Group
(relative to pre-expansion area, mean * 1 s.e.m.)

Days Experimental Control Bb,e jof valued( )
Pre-
expansion 1.00%0 - 6 -

0 1.31£0.02 1.00%0 12 0.01

1 1.3020.01 1.1240.01 12 0.01

2 . 1.38+0.04 1.07120.01 12 0.01

3 1.38+0.03 1.03120.01 12 0.01

4 1.43120.03 ©1.06%0.01 12 0.01

Table 23

urface Area Central 1 x 1 cm 8 Day Grou
’  (relative to pre-expansion area, mean * 1 s.e.m.)

Days Experimental Control nb’e o) vglued(<)
Pre-- ' o
expansion 1.00%0 - 4 - 7
.0 1.24+0.03 1.00%0 10 0.01
2 ©1.36x0.04 0.9610,027 10 0.01
4 S 1.49%0:01 1.00x0.02 10 0.01
6 1.56+0.04 1.1510.02 10 0.01.
8 1.6210‘04 ;;1910.03 10 0.01

b)total of experimentals and controls in each time-group
d)by Mann-Whitney test

| T
e)2 animals were lost due to anaesthetic and deaths
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APPENDIX C
/o

Data from Project B

Table 24
Surface Area Centra m 16 u
(relative to pre-expansion area, mean * 1 s.e.m.)
Days Experimental Contro nb'f' p_gglggd(<)
Pre- _
expansion 1.0010 - 3 . -
0 1.36+0.04 1.00+0 6 0.01
4 . ° 1.46%0.03 1.04%0.05 6 0.01
8 1.5240.06 1.1140.05, 6 0.01
12 1.6310.05 1.18%0.05 6 0.01
16 1.65+0.08 1.20%0.04 6 0.01
/ /
*  Table 25 .
urface Area Cent (o}
(relative to pre-expansion area, mean + 1 s.e.m.)
. : b d
Daye  Experimental control 2’9 p value®(<)
Pre- ’ .
expan51on 1. 00+0 _ - 5 -
0 1.37£0.05 1.00%0 10 ° 0.01
8 1.81+0.08 1.1910.04 10 0.01
Y16 1.95+0.07 1.1240.04 10 0.01 . -
P . o
w7/ 24 1.99+0.09 R 19:0 os 10 0.01 .
/ . . ;_/ . ’ .,’ ,/‘ / i
. 1.1310.04 10 0.01 ;

32 2.16:0,06

,

b)total of. experimentals and controls in each time-group

f)6 animals were lost ‘due to anesthetic(4)‘fnd post-‘*
operative(Z) deaths_t' _ '

’r . - s
;

g)2 animals were lost due’ to anaeathetic doaths

Ve .
i S . . . . . LA
. - . - e “
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Data from Project B

Table 26

Surface Area 1 cm Perimeter of Grid 4 Day Group
(relative to pre-expansion area, mean * 1 s.e.m.)

Days Experimental control  nP° p, valued (<)
Pre-
expansion 1.00%0 - 6 -
0 1.3240.01 1.00%0 12 . 0.01
1 1.3120.01, 1.054%0.01 12 0.01
2 1.31+0.02 1.0410.01 12 0.01
3 1.281+0.02 0.96120.01 12 0.01
4 1;2710.02 ‘ 0.93+0.01 12 | 0;01
] Table 27
Surface Area 1 cm Perimeter of Grid 8 Day Group
(relative to pre-expansion area, mean * 1 s.e.m.)
Days Experimental * - éont;ol ‘gb'e o) valued(<)
PreT . / & /
expansion 1.00%0 . - . 4 -
0 1.36+x0.01 1.00%0 10 0.01 . @
2 1.35+0.03 1.02+0.02 10 \ 0.01
4 1.34%0.02 \1,0110.0?&¥ }0 0.01
6 1.3810.03 1.08:0.03_\ 10 0.01

-8 1.32+0.03 1.0810.03. - "'10 0.01

b)total of experimentals and controls iR each time-group

d)by Mann-Whitney test o o o

Kd

e)2 animals were lostjgue to anaesthetic ahd deaths
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APPENDIX C . e
Data from Project B

Table 28

Surface Area 1 cm Perimeter of Grid 16 Day Group

(relative to pre-expansion -area; mean t 1 s.e.m:)

Days Experimental control nb'f g_yglggd(<)
Pre- _ _ f
expansion 1.00%0 - : 3 -
0 1.30£0.02 | 1.00%0 6 0.01
4 1.2340.02 6}9819.62 6 0.01 )
8 [ 1.27£0.03 1.1340.03 6 0.01
12 Y 1.3840.03 1.1240.02 6 0.01
16 1.41%0.04 1.1320.02 6 0.01 -
o Table 29 M
L ~ ' 32 Day Group
<> "(relative to pre-expan51o area, mean + 1 s.e.m.)
Davé Experimental . Control 2”9 p valued(<)
Pre- | | - S o . i '
expansion 1.00+0 , - ' 5 - ,
0 1.35£0.01 _f;bo:o 110, 0.01 ‘
.8 1.5310.9& g - dorse.br 10 0.01
16 1.56+0.02_ ._”1.o7£o.oz‘ 10 'Q 0.01
24" 1.600,02" “t,l.llio.Ql 10 0.0 T
32 1.72£0.01 oa. 3020. 02.. 16“ 0. 01;--_3f ¥ﬁj;‘w :

" b)total of experimentals and controls in’ each time-group

,‘d)by Mann-Whitney fest ' '; ‘ 3j; ,‘ -5»‘~jf.ff

-

- f)6 animals were 1ost due to anesthetic(4) and post—.fﬁ
, operative(Z) ‘deaths :

9)2 animals wére . lost due to anaesthetic deaths B AR ,=3;?f

-
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le

32

16

32

Experimental

0.317+20.004
0.32910.005
0.354120.007

0.39810.0C3

Experimental

APPENDIX C

Data from Project B

Table 30

Skin Thickness

Control

0.430740.003
.41940.005
‘.41910.006
0.42540.004

Table 31

Breaking Strength

1165+199

1208*136

1329492

1249111

(gm,mean *1 s.e.m.)

Control
11712142
12094103
1522179

1183+72

(mm, mean + 1 s.e.m.)

10

b,h,

12

20

12

20

.01

.01

d
p_value (<)

b)total of experimentals and controls ih each time-group

d)by Mann-Whitney test

f) for all groups except the 4-day groups, 2 spec1mens from
each animal were tested

-h)lo animals were lost due to anaesthetlc(s) and post-

operative(z) deaths
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APPENDIX C
Data from Project B
Table 32
Wet Weight .
(gm, mean t* 1 s.e.m.) : .
. b,h d
Days Experimental Co ol n p_value (<)
4 _ 66.518.5 72.6%3.6 12 V.17
8 63.1%*6.7 53.0t5.6 10- 0.20
16 106.8+18.7 65.9%9:6 6 0.08
32 176.9+20.2 81.2%8.4 10 0.01
I'e
[
Table 33
- Pry Weight
(gm, mean + 1 s.e.m.)
B b,h d
Days  Experimental control n . R value™ (<)
4 10.910.6 - 13.210.6 12 0.04
8 9.51.6 7.7120.6 10 0.39
16 20.1%3.9 10.8%1.3 6 0.05
32 38.815.4 -18.1%1.1 10 0.01
?
»
. ©

b)total of experimentals and controls in each time-group

d)by Mann-Whitney test

h)10 animals were lost due to anesthetic(8) and post-
operative(2) deaths . Coe

\)
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APPENDIX C
Data from Project B

Table 34 )Y

Specific Activity of lﬂ hydroxypreoline
(dpm/mg dry weight, mean + 1 s.e.m.)

Days Exberimental Control ® " povalue®(9)
4 237443 258+48 12 0.57
8 8541190 324175 - 010 0.01
16 405153 16111 6 0:02
32 654187 269+59 ' 10 0.02
Table 35
Total Hydroxyproline -
(mg, mean * 1 s.e.m.)
Days Experimental ‘ : control gb'h o} valued(<)
4 1.20+0.09 : 1.31%0.09 12 0.33
8 1.08+0.15 - 1.26%0.06 10 0.28
16 2.61%0.30 1.4310.11 6 0.01k
32 3.0810.26 2.02%0.17 10 0.01

b)total of experimentals and controls in each time-group

¢

‘d)by Mann-Whitney test

h)10 animals were lost due to anesthetic(8) and post-
operative(2) deaths ,



