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Background: Human epicdernmis serves as a protective covering against loss of endog-
enous fluids and exogenous microbial invasion. Cultured epithelial amogmaft suspen-
sions hawe been used (o enhance epithelializuion 1o improve mortality, morbidity, and
the overall quality of the scar. The measurement of surface electrical capacitance as an
inclicator of ransepidermal water loss has been used in neonatology and dermatology
to determine epidermal maturation, This ool has been used in a doubledblind, ran-
domized, controlled il o compare the effects of culured epithelial antograft in
suspension on epidermal healing and mammtion compared with a control in an in vive
partial thickness wound model.

Methods: In this double-blind, randmnized, controlled trial (= = B), the aathors as-
sessed the effect of cultured epithelial atograft on epidermal healing and maturation
in standardized panial thickness wounds. Surface electrical capacitance was compared
o 16 splitthickness skin gralt donor sites treated with cultured epithelial autograft (0
= 8) against controls treated with Dulbecco’s Mocdified Eagle’s Medium (n = 8) using
a NOVA Dermaphase Meter at 4, 5, 6, and 7 days postoperatively.

Results: A statistically significant difference on continuous readings at days 5 (p =
0.012) and 7 (p = 0.036) and instantaneously on days 5 (p = 0,025) and 6 (p = 0.036)
in surface electrical capacitance was observed in the cultured epithelial antograft over
the Dulbecea's Modified Eagle's Medinm—treated wounds,

Condusions: Measuring surface electrical capacitance provides an objective and re-
peatable method of assessing epidermal mamration. This study indicates that the rwe
of epithelialization and epidermal maturation is more rapid in partial thickness epi-
dermial skin wounds treated with cultured epithelial autograft.  (Plast, Reconste, Swig:

I 119: 495, 2007.)

uman epidermis is a complex structure that
H varies in thickness and in the amount of
keratin produced. It is divided into several
layers of progressively maturing cells from the
basal layer, where the cells are being continually
generated, to the stratum corneum, a network of

fibrous protein, lipids, waxes, and sterols. Under
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miagnification, the stratun comewm presents a
basketlike appearance, representing the keratin-
ized outer layer of dead epidermal cells, filled with
intracellular lipids derived from the sebaceous
glands. This layer is responsible for the protective
barrier function of the skin against bacterial inva-
sion and evaporative water loss.!

The strabiom cormewm varies in thickness in differ-
ent body sites and skin types.* In addition, divmal
variation exists in transepidermal water loss from hue
man skin® Breakdown or loss of this layer allows
profuse water loss through the damaged skin®’

Epithelialization of wounds is followed by resto-
ration of the stranun cornenm by a matre strati-
fied epithelium. This epithelial maturaton is re-
sponsible for the reduction of evaporative water
loss, Historical estimates of the rate of evaporation
of water were made by recording the reduction in
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body weight during a preselected time interval us-
ing a sensitive balance.® Tritimm-labeled water has
also heen used to estimate changes in total body
water content.™

Measurement of transepidermal water loss is a
widely used bicengineering techmique to deter-
mine epidermal barrier maturation in necnatol-
ogy and dermatology.'™!! The electrical proper-
ties of the skin are related to the water content of
the stramm comeum.! These electrical charac-
teristics have allowed the use of biophysical anal-
yses to evaluate the hydration state of the skin
surface by measuring skin impedance. An exter-
nal voltage is applied to the skin, and the elec-
trical current between two surface positions al-
lows impedance and surface electrical

. i oy :

capacitance to be determined.’® The relation-
ship of surface electrical capacitance to skin hy-
dration has been well described.!*15

Goretsky et al. have shown that measurement
of surface electrical capacitance is a direct, inex-
pensive, and convenient idex for nomnvasive
monitoring of epidermal barmier formation. Epi-
dermal maturation is required for stratum cor-
neum hydration to decrease. This relationship
has been well described in the hiterature and has
been applied 1o cultured composite skin substi-
tutes in animal and human studies. 8

Several studies have demonstrated aceelerated
wound healing after grafting donor sites with
allogenic cultured keratinocytes in confluent
sheets LI.':nl]‘lE subjective mcl.hucl:: 1617 This study
used the principle of surface electrical c.tpar:l—
tance to measure transepidermal water loss in a
double-blind, randomized, controlled trial of
skin graft donorsite healing avgmented by cul-
tured epithelial antograft in suspension. This
study aimed o provide an objective assessment
of the effect of autologous keratinocvtes har-
vested in a subconfluent form as a suspension on
epidermal healing and maturation and to vali-
date transepidermal water loss as an objective
measure of cultured epithelial autograft take.

PATIENTS AND METHODS
Parients

The patients in this double-blind, random-
ized, conuolled tial {(r = 8) consisted of two
women and six men with a mean age of 26 vears
{range, 25 to H6 vears). All patients were admitted
to the Adult Burns Unit of the Roval Perth Hos-
pital and had acute burns of less than 20 percent
total body surface area, mean total body swface
area burn of 11.6 percent, and a total body surface
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area burn range of 8 to 18 percent. Patients with
any systemic illness were excluded. All patients
gave consent for participation in the study, and the
ethics committee of Royal Perth Hospital ap-
proved the study.

T'reatment

In accordance with standard practices in the
Adult Burns Unit, these patients had a skin biopsy
at admission and cultured epithelial autograft ini-
tiated, as the burn wounds were clinically consid-
ered to be deep partial thickness and therefore
would not heal within 10 days. An initial pilot study
was cammed out on 16 patients to determine the
optimum  postoperative dressing regimen and
time points for surface electnical capacitance mea-
surement. These mitial donor sites were measured
on days 1 to 8 before it became apparent that
transepidermal water loss was beyond the cali-
brated range of the mstrument for the first 3 days.

Paired donor sites on each lateral thigh mea-
suring 8 ¥ 15 om were created at a depth of
6,/1000 inch with an ar dermatome {(Zimmer Pa-
tient Care, Dover, Ohio) at the nme of defimnve
surgery for the burn injury. One surgeon har-
vested all sites. All donor sites were dressed with
OpSite (Smith & Nephew, London, United King-
dom) after application of tincture benzoin com-
pound to the periphery of the donor sites to im-
prove adherence.

The OpSite was then punctured with a 21-
gauge needle and 1 ml of cultured autologous
keratinocytes (0.25 X 10° cells/ml minimum con-
centration) or 1 ml of culture medinm (Dulbee-
co’s Modified Eagle's Medium) instilled. The
puncture site was patched with a further piece of
OpSite dressing until a seal was created. An outer
protective dressing of plain dry gauze and a ban-
dage were apphed,

The donor-site dressing was removed on day 4
and the wound was washed with mild soap. It a
resilient blood clot was present, salinesoaked
gauze was applied for 5 to 15 minutes to soften the
clot and then wiped gently to remove. The wound
was allowed to dry in room air in the standard
environmental conditions of a single room in the
Bums Unit for 30 minutes before a reading was
taken. All readings were taken in the moming to
minimize variation atiributable to diurnal rhythm.

Om days 4, 5, and 6, the wound was dressed
with Silon-TSR (Bio Med Sciences, Inc., Philadel-
phia, Pa.), and peripherally Fixomull (Beiersdorf,
Hamburg, Germany) was used to secure the dress-
ing so that it was not dislodged. A protective outer
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dressing was applied for protection from trauma.
At the completion of the study period on day 7, all
donorsite wounds were dressed with Fixomull ap-
plied directly to the surface with no intermediate
dressing.

Capacitance Measurements

Skin surface electrical capacitance, as a mea-
sure of surface hydration, was determined using
the NOVA Dermaphase Meter (Model DPM9003;
NOVA Technology Corp., Gloucester, Mass.) at
the bedside with data downloaded directly onto a
Toshiba 310CDS laptop computer (Toshiba, To-
kyo, Japan) operating on Windows 95 {Microsolt
Corp., Redmond, Wash. ).

The machine was calibrated to room temper-
ature and humidity. The same surgeon performed
all measurements to minimize variability. Sixteen
sites were measured on each donor site on each
day. The measurements were made in a standard
arid pattern with four rows of four readings to give
a standardized method of recording sites, and
probes were individualized and antoclaved to pre-
vent cross-infection.

The Dermaphase Meter probe used for data
collection was a standard 6amm Dermaphase
Meter 9105 with a spring-loaded fat contact sur-
face. The probe surface consists of concentric
bwass electrodes (outer ring diameter, 5.08 mm;
inner ring diameter, 2.54 mm) separated by a
{L.6-mm-wide nonconducting insulator ring,.

Room temperature and humidity were mea-
sured and the machine calibrated before readings.
In addition, a measure ol skin surface electrical
capacitance was recorded from an uninjured site
on the thigh, To minimize variaton in pressure
applied to the probe, the same surgeon performed
all measurcments,

Measurements were recorded on days 4, 5. 6,
aned 7 from each donor site. Recordings were ob-
tained from 16 sites from each wonnd daily. Each
site was recorded for 6 seconeds, and there was an
instantaneous reading and five further readings at
each site. This generated an instantaneous record,
a continuous reading, and a slope at each site for
each reading. Data were downloaded directly onto
a Toshiba 310CD laptop at the bedside and then

translerred to a CDM desktop running a Windows
98 operating system. Data were analyzed with Mi-
crosoft Excel fl'i’ and SPSS version Ii {SPSS, Inc.,
Chicago, I1L.} using the Wilcoxon signed rank test
for paired nonparametric datawith a p< 0.05 level
ol statistical significance.

BESULTS

Donor sites treated with cultured epithelial
autograft beneath the OpSite healed at a faster
rate, as demonstrated in Table 1 and Figure 1 by
lower continuous rates and in Table 2 and Figure
2 by instantaneous readings on all days.

DISCUSSION

Keratinocyte  migration proceeds across a
wound until contact inhibition induces terminal
differentiation into a stratified squamous epithe-
livm, and culminates in the formation of a keratin
laver at maturity. The later reduces evaporative
water loss once established. Epithelialization is al-
ways difficult to quantify, as it relies on the sub-

jective assessment of an epithelial sheet, which

may be only a few cells thick, A number of differ-
ent mechanisms have been used previously, in-
cluding clinical assessment, clinical photography,
and laser Doppler imaging. We chose skin surface
electrical capacitance as a measure of surface hy-
dration, using the NOVA Dermaphase Meter, be-
cause it gives an objective and easily reproducible
result that is not dependent on clinical judgment.
The NOVA Dermal Phase Meter DPM9003 is a
relatively cheap piece of equipment that is easy to
use at the bedside. Further advantages include the
ease and speed with which measurements can be
taken. Hydration of the skin surface using the
Dermaphase Meter is a measure of water that ac-
cumulates beneath the probe that occludes the
surface of the skin during the sampling period.
This must be distinguished from the measure of
transepidermal water loss by an evaporimeter that
measures water vapor flux above the skin surface
with a nonocclusive probe and is therefore more
subject to environmental difference.'™"

The instananeocus measurement represents
the presence of epithelial cells, and in this study,
we have shown that this is significantly greater in

Table 1. Average Continuous Reading (n = 8) Using the Wilcoxon Signed Rank Test

Test Statistic Day 4 Day 5 Diay 6 Dyay 7
£ovalue —1.540* -2 .521* —1.B20= —2, L{HI*
Agvmplotic significance (iwo-tailed) (p > 0.05) 0.123 00124 (L0685 0,056

*Based on negarive ranks,
tSuatistically significant.
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Fig. 1. Average continuous transepidermal water loss readings for all pa-
tients(n = 8). 0PV, Dermaphase Meter reading; MEM, Dulbecca’s Modified
Eagle's Medium; CEA, cultured epithelial autograft.

Table 2. Average Instantaneous Readings (n = B) Using the Wilcoxon Signed Rank Test

Test Statistic Diay 4 Day 5 Day & Day 7
Zvalue —i{b, DAO* —2 D40¥* -2 1™ —1. 705"
Asymplotic significance (two-tailed) (p > 0.05) 0.327 0.025+ {0,036+ 0.08%
*Based on negative manks,
tapatistically significant.
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Fig. 2. Average instantaneous transepidermal water loss readings for all
patients (n = 8). OPM, Dermaphase Meter reading; DMEM, Dulbecco's Mod-
ified Eagle's Medium; CEA, cultured epithelial autograft.

the cultured epithelial antograft group at days 5 each day. Because the validity of the test is well

and 6. Continuous readings represent water loss
over a sustained time period, thus representing
epithelial maturity because of epidermal stratifi-
cation and {1f-u:-lupmenl_ of the keratin layer. This
was statistically significant at days 5 and 7 in the
cultured epithelial autograft g group.

The study has a limited sample size (n = 8);
however, each patient had two donor wounds (a
treatment and a control), and 16 sites were re-
corded on each donor site (32 sites per patient) on
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established, the reliability of the findings is in-
creased. The results demonstrate statistically sig-
nificant differences in the rates of epithe lialization
and the maturation of epithelialized partial thick-
ness wounds treated with antologous cultured ker-
atinocytes in a suspension when compared with
control wounds,

These cells could be acting by means of bio-
logical or cytokine activity or by cell adhesion, One
could argue that the introduced cells solely stim-
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ulate epidermal remnants within the wound 1o
Facilitate cell proliferation, migration, and epithe-
lialization from native elements in the wound bed.
Alternatively, the introduced keratinocytes may
adhere at the treatment site, producing these ef-
fects because of the growth and incorporation of
the cultured cells. Which of these is the primary
factor has not been demonstrated within the scope
of this study, The long-term persistence of cul-
tured autologous keratinocytes has been demon-
strated previously using the same methods of cell
culure and delivery in a preconfluent suspension
using immunofluorescent cytokeratin 9 markers.®

CONCLUSIONS

We have confirmed the observations of others
that surface electrical capacitance as a measure of
transepidermal water loss is a reproducible and
objective measure of assessing wonnd healing. We
have also demonstrated the accelerating influence
on healing achieved by introducing a preconflu-
ent suspension of cultured epithelial autograft
onto a standardized partial thickness wound.
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