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Abstract

This test—retest pilot study investigated the intra-rater reliability and reproducibility
of non-invasive technologies to objectively quantify morphological (colour, thickness
and elasticity) and physiological (transepidermal water loss (TEWL), hydration, sebum
and pH) skin properties in an aged care population. Three consecutive measurements
were taken from five anatomical skin sites, with the mean of each measurement cal-
culated. The intra-class correlation coefficient (ICC) and the standard error of mea-
surement (SEM) were used to examine the intra-rater reliability and reproducibility of
measurements. Non-invasive technologies in this study showed almost perfect reliabil-
ity for ultrasound measurements of the subepidermal low echogenicity band (SLEB)
(p=10-95-0-99) and skin thickness (p =0-95-0-99) across all sites. The ICC was sub-
stantial to almost perfect for pH (p=0-76-0-88) and viscoelasticity (p=0-67-0-91)
across all sites. Hydration (p=0-53-0-85) and skin retraction (p=0-57-0-99) mea-
surements ranged from moderate to almost perfect across all sites. TEWL and elasticity
were substantial to almost perfect across four sites. Casual sebum levels and most colour
parameters showed poor ICC. The use of non-invasive technologies in this study pro-
vided an objective and reliable means for quantifying ageing skin and may offer future
studies a valuable option for assessing skin tear risk.

purpura; haematoma; evidence of a previously healed skin
tear; oedema; and the inability to reposition independently

The methodical and quantitative assessment of aged skin, using
non-invasive technologies, has the potential to objectively iden-
tify individuals at risk of sustaining skin tears. Current clini-
cal practice for identifying at-risk persons has generally been
based on the subjective assessment of a broad range of individ-
ual and skin characteristics. A recent review found that com-
mon patient characteristics associated with skin tears included
a history of skin tears, impaired mobility and cognition, while
general skin characteristics comprised of visible signs of senile
purpura, ecchymosis and oedema (1). A case—control study
of 151 tertiary patients aged 50 and over with skin tears
and 302 non-matched controls aged over 50 years without
skin tears found six variables; ecchymosis (bruising); senile
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were predictors of skin tears in older patients (2). Despite
the considerable advances over the last three decades in bio-
physical skin analysis and the availability of non-invasive

Key Messages

e traditionally, the assessment of skin tear risk in clinical
practice has been based on the subjective evaluation of
a broad range of individual and visual skin characteris-
tics that encompass general health, mobility, age, skin
fragility status and the individual’s previous history of
skin tears
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o the test—retest reliability pilot study assessed the applica-
tion of non-invasive bioengineered technologies to mea-
sure morphological and physiological skin properties of
aged care residents

e the use of non-invasive technologies in this test—retest
reliability pilot study demonstrated substantial to almost
perfect reproducibility for transepidermal water loss
(TEWL), elasticity, hydration, pH and skin thickness
across most skin sites; casual sebum levels and the
measurement of colour (melanin) and the Commis-
sion Internationale d’Eclairage (CIE) colour space
coordinates (L*a*b*) showed poor reproducibility

e commercially available non-invasive bioengineered tech-
nologies have the capacity to objectively and reliably
quantify skin properties, which may be relevant for the
assessment of individuals at risk of skin tears

bioengineered technologies to obtain objective, quantitative and
reproducible measurements, only one article by Koyano e al.
(3) was found published in the English literature which reported
using these technologies to objectively quantify skin proper-
ties associated with skin tears. The authors examined the dor-
sal forearm and reported that increased low-echogenic pixels
in the subepidermal low echogenicity band (SLEB) (measured
by 20-MHz ultrasonography), decreased type IV collagen,
decreased matrix metalloproteinase-2 (MMP-2) and increased
tumour necrosis factor-a (quantified by nitrocellulose mem-
branes from skin blotting) were related to skin tear occurrence
in elderly Japanese patients (3).

The purpose of this study was to determine the intra-rater
reliability and test—retest of measuring the skin properties of
long-term aged care residents using non-invasive technologies.
This paper examines the use of non-invasive technologies, from
a diagnostic perspective, for characterising ageing skin. The
potential novel applications of these technologies to inform
diagnostic investigations will be relevant to both clinicians and
those with a technological background. Those skin properties
that recorded good reliability were applied in a subsequent
study that examined skin characteristics associated with skin
tear occurrence in a larger sample of aged care residents.

Materials and method

Study design and setting

This reliability study was conducted in two phases: the initial
phase, which established the feasibility of a single investigator
to use non-invasive technologies to assess ageing skin proper-
ties, and the present test—retest pilot study. The competency
of the investigator in the use of the devices and assessment of
skin properties was confirmed against manufacturers’ standards
and international guidelines respectively (4—7). The feasibil-
ity phase was undertaken on 10 independent non-residential
older volunteers (four males and six females), aged between
62—-83 years (mean=71-3, SD=6-2). All assessments were
undertaken in a university clinical environment under the super-
vision of a specialist clinician between November and Decem-
ber 2013, at two points in time, 4 weeks apart. The pilot
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test—retest reliability study was conducted at an 81-bed resi-
dential aged care facility in Western Australia, between January
and March 2014. The study investigated the intra-rater relia-
bility and reproducibility of using non-invasive technologies
to test—retest the morphological (colour, thickness and elas-
ticity) and physiological (transepidermal water loss (TEWL),
hydration, sebum and pH) skin properties of a subset popula-
tion of 31 aged care residents. Bilateral toe brachial pressure
index (TBPI) and venous photoplethysmography (PPG) were
obtained to determine arterial and venous blood flow to resi-
dents’ lower extremities. The study protocol conformed to the
ethical guidelines of the 1975 Declaration of Helsinki and the
Australian Code for the Responsible Conduct of research (8,9).
Ethics approval for this study was obtained from Curtin Univer-
sity Human Research Ethics Committee (RD-23-13) and The
Bethanie Group Inc for the study site.

Measurements and instruments

A data collection tool, which comprised of nine sections, was
used to record residents demographic details; medical history;
Braden Scale score; medications; skin care regime; common
skin characteristics (purpura, ecchymosis, oedema and pseu-
doscars); Fitzpatrick skin type; and previous history of skin
tears. The Fitzpatrick skin type assessment tool, which com-
prises of six characteristic groupings, was initially developed to
predict skin reactivity to photochemotherapy and is also used as
a reference standard for classifying a person’s skin type (10).
All information was obtained either from the resident, their
legal guardian or the medical records.

This pilot study used three commercially available,
non-invasive instruments (Dermal.ab Combo®, Sebumeter®
and Skin-pH-meter®) to assess ageing skin properties. The
DermaLab Combo® (Cortex Technology, Hadsund, Den-
mark) is a multipurpose device and was used to assess skin
colour, TEWL, hydration, skin thickness and elasticity. The
Sebumeter® and Skin-pH-meter® (Courage + Khazaka,
Cologne, Germany) devices were used to evaluate skin surface
sebum and pH. A fourth device, the Hadeco Smartdop 30Ex®
(Hayashi Denki, Kawasaki, Japan), was used to objectively
evaluate lower extremity arterial and venous blood flow that
can become sub-optimal with ageing, leading to peripheral
vascular disease and oedema, which has the potential to impact
morphological and physiological skin properties of the lower
limbs (11).

The DermaLab Combo® comprises of a central unit that
supports multiple assessment probes. The TEWL probe, an
open-chamber device, measured vapour pressure gradient at the
skin surface, with results reported in grams per square metre
per hour (g/m?/hour) (12). The hydration probe evaluated the
stratum corneum water-binding capacity by measuring conduc-
tance with results present in micro-Siemens (1S) per centimetre
(13). Skin colour was assessed using a narrow-band reflectance
spectrophotometry. The 7-mm diameter aperture of the opti-
cal focus measured melanin (pigmentation); erythema (vascu-
larity); and the Commission Internationale d’Eclairage (CIE)
colour space coordinates (L*a*b*) (13). The melanin index is
reported as M = 100 x log (1/intensity of reflected red light) and
the erythema index as E= 100 X log (intensity of reflected red
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L* 100 white

a* green _

b* blue

L* 0 black

light/intensity of reflected green light) (14). The CIEL*a*b*
values permit colour to be reported in a three-dimensional
space, as depicted in Figure 1.

The vertical L* axis of the colour space represents lightness,
with results ranging between O for black and 100 for white.
The a* and b* axis are at right angles to one another across the
horizontal axis, with the a* axis signifying green at the negative
and red at the positive limit; and the b* axis denoting blue on
the negative and yellow on the positive axis (16). There are no
specified numerical limits for a* and b* values. Human skin,
regardless of ethnicity, falls in the same yellow and red hue
ranges of the a*and b* colour values (17). Colour parameter
measurements were obtained within 1 second.

Skin thickness was determined using a pulsed 20 MHz
B-mode high frequency ultrasound, with a penetration depth
of 3-7mm that permitted the echogenic dermis to be differ-
entiated from the hypoechoic subcutaneous tissue (18). An
adjustable gain setting (+10db) amplified reflection signals.
The bi-dimensional ultrasound skin image generates values for
three separate variables: the SLEB, skin thickness and skin
(structural) intensity (18). The SLEB value measures the extent
of the dark low echogenicity band at the level of the papillary
dermis, which is associated with photoageing and the degen-
eration of collagen fibres (19). The measure of skin thickness
pertains to the width of the dermis, with negligible contribution
of the viable epidermis to the score (13). Ultrasound frequencies
with ranges between 50 and 150 MHz are needed to distinguish
the epidermal layers (20). The SLEB and skin thickness values
are expressed in micrometres (pm). Skin intensity quantifying
the density of collagen signals in the skin is indicated by the
colour scale in Figure 2 and is presented as an arbitrary score
(13). Darker colours pertain to areas of low reflection or poor
echogenicity between tissue structures, while higher densities,
depicted by bright yellow, green or red pixels, signify strong
reflection between structures and evidence of larger quantities
of collagen (13). Aged and photodamaged skin are both associ-
ated with decreased collagen production that alters the intensity
of dermal echogenicity (18). Figure 2 depicts the characteristics
of an ultrasound (SLEB, skin thickness and intensity of col-
lagen signals) image of the dorsal forearm of an 87-year-old
female.
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+ b*yellow
+ a*red
Figure 1 Depiction of CIEL*a*b* colour
space. (Reprinted with permission from
reference 15. Macmillan Publishers Ltd)
SLEB = 323

High

Subcutaneous tissue

Plastic water proof
ultrasound film

Papillary dermis

Epidermis Reticular dermis

Intefsity off structures

Low
Skin thickness = 831 pm

Figure 2 Ultrasound image of the dorsal forearm of an 87-year-old
female.

The measurement of elasticity provides objective data about
the mechanical properties of skin by quantifying the amount
of force required to elevate skin (21). The elasticity probe
measures three properties: viscoelasticity (VE), elasticity (E)
and skin retraction (R) time (13). A lightweight plastic suction
chamber with a 10-mm aperture was attached to the skin
surface using skin-friendly double-sided adhesive tape to form
a closed chamber. Two narrow beams of parallel lights, situated
1-5mm apart within the chamber, measure the height of skin
deformation under suction. The E represents the amount of
suction required to elevate skin from the first to the second
beam, with results recorded in Mega Pascal (MPa) (21). The
lower the E value, the more elastic the skin. The R is the
time, in milliseconds (ms), for skin to retract 1-5mm from
full elevation. The VE combines both elevation and retraction
phases. The effects of mechanical hysteresis that arises when
skin is continually retracted were addressed in this study by
taking repeated elasticity measurements 10 mm apart at each
test site.

The Sebumeter® photometrically quantified casual skin sur-
face sebum (22). In clinical practice, casual sebum levels are
generally recorded 4 hours after the skin has been cleansed (22).
Following contact of 30 seconds with the skin surface, a micro-
processor evaluated the specialised plastic strip and reported
results in units that range from 0 to 350 micrograms per square
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centimetre (um/cm?) (23). The Skin-pH-Meter® PH 905 pla-
nar glass electrode evaluated the fine hydrophilic acidic film
that covers the skin surface. pH measures energy changes from
activity of hydrogen cations.” Prior to measuring the test site,
the pH electrode was rinsed in distilled water and then gently
applied to the skin surface for 10 seconds to stabilise the elec-
trochemical potential and optimise skin surface contact (24).

The Hadeco Smartdop 30Ex® evaluated the TBPI and
venous insufficiency of the lower extremities. The TBPI was
used to assess the presence of peripheral arterial disease as toe
vessels are less susceptible to medial arterial stenosis, which is
associated with misleadingly elevated ankle brachial pressure
index results (25). The TBPI measurements were taken with
residents lying in the supine position and in accordance with
clinical best practice (26). Bilateral systolic brachial pressures
were measured. The TBPI results were manually calculated
using the systolic toe pressure divided by the highest brachial
result. Venous insufficiency was assessed by calculating the
venous refill time in seconds (27). Individuals were required
to sit at the side of the bed with their legs hanging down but not
touching the ground. A sensory probe was placed over the pos-
terior tibial vein using double-sided adhesive tape. Individuals
were required to perform five dorsiflexion’s of the foot whilst
sitting to partially empty the calf and skin venous reservoir.
Results were obtained when the graph returned to the baseline
amplitude on the monitor screen (28).

Participants

A convenient sample of all residents who resided in an aged
care facility were invited to participate in this pilot reliability
study to examine the utility of non-invasive technologies for
determining skin colour, TEWL, pH, hydration, thickness, elas-
ticity, sebum production and lower extremity vascular status.
An information sheet was mailed to all residents or to their legal
guardian outlining the research protocol and data collection
methodology and inviting their participation. Inclusion criteria
comprised all residents aged 65 years or older with informed
written consent. Residents were excluded from this study if they
had a serious medical condition; a connective tissue disorder;
were in pain; agitated; had an amputation; or were receiving
palliative services. Data was collected from all residents at two
points in time, over a 3-month period from January to March
2014. A total of 2 hours was allocated for each assessment. All
assessments were undertaken in consultation with the clinical
nurses between the hours of 0700 and 1300 to ensure that mea-
surements were standardised and to comply with the routine of
residents and the aged care facility.

Data collection

Assessments of skin properties were undertaken at a residen-
tial aged care facility under standardised testing conditions
and in accordance with international guidance for the assess-
ment of skin properties (4—7). The use of direct lighting and

*Correction added on 20 February 2017, after first online publication: a
sentence has been deleted and the previous sentence added in its place.
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movement of air flow was avoided, with all measurements
undertaken over the same season by a single assessor. A dig-
ital hydrothermograph sensor (Testo 608-H2, Lenzkirch, Ger-
many) measured the room temperature (test accuracy + 0-5°C)
and relative humidity (test accuracy +2%) prior to all assess-
ments. Skin assessments were performed in the privacy of
resident’s room 15 minutes after they had acclimatised to the
environment and the skin was preconditioned to obtain accu-
rate recordings. Where practicable, residents laid supine with
their arms positioned by their side with the dorsal area exposed
for testing. Skin surface temperature was measured using an
infrared non-contact thermographic scanner (Exergen, Water-
town, MA). The temperature of the skin was taken to evaluate
any impact on the rate of TEWL (4)

Measurements were taken at five anatomical test sites: bilat-
eral mid-dorsal forearms (midpoint between lateral epicondyle
and radial styloid process), upper quartile of the lateral lower
legs and midpoint between the umbilicus and the left iliac crest.
The extremities were selected as skin tears primarily occur
across these anatomical locations (29-31). While skin tears
are not specific to the upper quartile of the lateral lower legs,
this site was selected following technical difficulties experi-
enced with lower leg oedema and the use of the elasticity probe
that were identified amongst the volunteers who participated in
the competency assessment phase of the study. The left lower
abdominal region was selected as a control site as no previous
studies have reported skin tears within this region; the area was
generally not subjected to the effects of extrinsic ageing; and
there is generally minimal scarring from surgical procedures.
Three consecutive measurements were taken 10 mm apart at
designated test sites, for all skin properties, with the com-
bined mean used for calculation. All staff and residents were
requested to avoid washing or applying moisturisers to the test
sites for 24 hours prior to testing. Skin properties were assessed
in a sequential order to minimise the impact on successive mea-
surements.

Care was taken during the assessment to support the probes
and avoid pulling cables that may alter biomechanical proper-
ties and influence results (21). Within this residential popula-
tion, the gain setting that optimises the ultrasound image could
not be standardised as adjustments were needed based on the
extent of chronological or photoageing over the test site (32).
Higher gains were necessary to penetrate photoaged skin, while
lower gains were found to be more suitable for chronologically
aged skin. A thin film of water was applied to the skin to form a
coupling medium when taking ultrasound measurements. Elas-
ticity measurements were recorded approximately 60 minutes
into the assessment, with residents lying in the supine position.
To minimise the impact of this ageing population needing to
constantly turn, elasticity measurements of the lower extrem-
ities were taken using horizontal rather than vertical suction
forces. Perpendicular forces are the manufacturers preferred
option and are the most commonly used technique for assess-
ing the skin’s biomechanical properties (33). Elasticity mea-
surements of the upper extremities and abdomen were assessed
using the vertical suction technique. The elasticity probe has a
relatively small 10-mm diameter aperture that measures softer
skin more readily than firmer tissue (34). To control for the
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effects of mechanical hysteresis from deformation, repeat elas-
ticity measurements were taken 10 mm apart at each test site
(35). Values obtained from the test—retest periods were com-
pared to determine intra-rater reliability.

Data analysis

The intra-rater reliability of the mean for the three quantitative
values recorded over both measurements periods were anal-
ysed using the intra-class correlation coefficient (ICC) to assess
the reliability of repeat measures (36). Lin’s (37) concordance
correlation coefficient (CCC) complemented the measurement
of intra-rater reliability. The ICC and Lin’s CCC are designed
to assess the consistency between two or more quantitative
measurements. Both values range from O to 1, with a value
of one signifying perfect agreement between repeat measure-
ments, while an ICC value of zero denoted no agreement. Lan-
dis and Koch’s benchmark scale was used to interpret the ICC,
with p <0 reflecting poor reliability, 0—0-20 slight, 0-21-0-40
fair, 0-41-0-60 moderate, 0-61—-0-80 substantial and greater
than 0-81 almost perfect reliability (38). In contrast to the ICC,
Lin’s CCC does not require analysis of variance (ANOVA)
assumptions, which can differ according to the type of ANOVA
model used (39). Lin’s CCC is a more stringent measure of
agreement for measuring identical continuous variables (40).
McBride (2005) suggested that when interpreting the strength
of agreement for Lin’s CCC, values < 0-90 is poor; 0-90—0-95 is
moderate; 0-95-0-99 is substantial; and > 0-99 is almost perfect
(40). The standard error of measurement (SEM) quantifies the
measurement error as it relates to the extent that measurements
vary with repeated testing without any underlying changes to
the individual (41).

Values obtained using the non-invasive biophysiological
technologies were continuous variables. The TBPI and PPG for
venous blood flow values were ranked according to clinical best
practice and normally reported values (26,42). Differences for
TBPI and PPG for venous blood flow repeat values were inves-
tigated using the Wilcoxon pair signed-rank test. The Wilcoxon
signed-rank test is a non-parametric test used to determine the
median difference between paired observations of a single pop-
ulation (43). The level of statistical significance was set at the
95% confidence interval (CI) with P values > 0-05 indicating no
difference between test—retest values. A Bland— Altman assess-
ment for agreement compared test—retest measurements with
the range of agreement defined as the mean bias +2 standard
deviations (95% CI). All statistical analyses were performed
using SPSS (Version 22.0) (44).

Results

Thirty-one residents (9 males and 22 females), aged between 74
and 95 years (Median = 88-3, SD =4-23) agreed to participate
into this test—retest reliability pilot study. All measurements
were performed within the privacy of the resident’s room with
the ambient temperature and relative humidity recorded prior
to completing the assessments. The mean test—retest results for
room temperature and relative humidity are reported in Table 1.

Baseline resident’s characteristics are detailed in Table 2
including residents’ age, sex, Fitzpatrick skin type, history
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Table 1 Mean room temperature and relative humidity

Room temperature and relative humidity — Test: X (SD)  Retest: X (SD)
Temperature 23-1°C(1-2)  22.9°C(1-1)
Relative humidity 50-3% (4-7)  49:9% (4-9)

X = mean; SD = standard deviation.

Table 2 Residents’ baseline characteristics as a percentage

Characteristic

Residents’ values % (n=231)

Median age 88-3years (inter-quartile range
84.3-89:2)
Gender
Males 29:0 (9)
Females 71-0 (22)
Fitzpatrick skin type
Type 1 19-4 (6)
Type 2 32:3(10)
Type 3 45-2 (14)
Type 4 32 (1)
Previous history of skin tears
Males 46-7 (7)
Females 53-3 (8)
Body mass index 27-0 (inter-quartile range
20-42-33-58)
Medications
Corticosteroid medication 48-4 (15)
Anticoagulant therapy 12-9 (4)
Antiplatelet medication 54.8 (17)
Underlying comorbidities
Heart disease 74-2 (23)
Respiratory disease 12-9 (4)
Dementia 35-5 (11)

Note. Number of residents’ is reported in parentheses.

of skin tears, medications and underlying comorbidities. Skin
temperature was recorded at each test site prior to the assess-
ments. The mean skin temperature remained relatively constant
over both test periods with results ranging from 31-2 to 31-9°C
for the extremities and 32-6 to 32-8°C for the abdomen. Varia-
tions in skin temperature influence the measurement of physio-
logical skin properties (4,6,45).

Non-invasive skin assessments were well tolerated by resi-
dents with no reports of physical discomfort or skin trauma.
The intra-rater reliability using the ICC for TEWL and hydra-
tion showed substantial to almost perfect reproducibility across
the bilateral extremities. The test-retest reliability was fair for
TEWL and moderate for hydration over the abdomen. The
SLEB and skin thickness was almost perfect across all test sites.
Skin retraction ranged from moderate to almost perfect across
the five sites. The ICC for erythema and the skin intensity score
showed moderate to substantial reproducibility across all sites.
Test results for melanin and CIEL*a*b* varied across sites with
the ICC displaying poor to moderate values as presented in
Table 3. Intra-rater reliability results for assessing sebum were
poor to slight for sebum across all sites.

Intra-rater reliability
The ICC (including 95% CI), SEM of the ICC and Lin’s

CCC were calculated for skin colour (erythema, melanin

© 2016 Medicalhelplines.com Inc and John Wiley & Sons Ltd
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Table 3 Intra-class coefficient (ICC), standard error of measurement (SEM), and Lin's concordance correlation coefficient for skin colour parameters

Skin properties ICC (95% Cl) SEM of ICC (95% Cl) Lin's CCC
Melanin* right arm 0-42 (-0-19, 0-72) 6-21 (5-60-6-82) 0-29
Melanin* left arm 0-51 (-0-02, 0-76) 6-51 (5-87-7-15) 0-33
Melanin* right leg 0-05 (-1-16, 0-49) 6-37 (5-75-7-00) 0-01
Melanin* left leg —0-07 (-1-20, 0-48) 6-56 (5-91-7-20) -0-02
Melanin* abdomen -0-31 (-1-70, 0-37) 5-89 (56:31-6-47) -0-07
Erythema' right arm 0-71 (0-41, 0-86) 1-85 (1-67-2-03) 0-57
Erythema' left arm 0-67 (0-33, 0-84) 2-09 (1-89-2-30) 0-54
Erythema® right leg 0-63 (0-23, 0-82) 1.95 (1-76-2-14) 0-50
Erythema® left leg 0-62 (0-22, 0-82) 1-88 (1-69-2-06) 0-48
Erythema® abdomen 0-41 (-0-22, 0-71) 1.70 (1-53-1-87) 0-30
CIE L right arm 0-71 (0-39, 0-86) 3-81 (3:44-4-19) 0-54
CIE L leftarm 0-68 (0-36, 0-85) 4-66 (4-20-5-12) 0-51
CIE L right leg 0-47 (-0-09, 0-74) 4-60 (4-15-5-05) 0-30
CIE L left leg 0-32 (-0-40, 0-67) 5.23 (4-71-5-74) 018
CIE L abdomen 0-35 (—0-34, 0-69) 5-19 (4-68-5-70) 0-22
CIE aright arm 0-17 (-0-72, 0-60) 2-84 (2:56-3-12) 0-19
CIE a leftarm 0-01 (=1-07 0-51) 2-84 (2.56-3-12) 0-09
CIE aright leg 0-32 (-0-39, 0-67) 3:08 (2-78-3-39) 0-28
CIE a left leg 0-31 (-0-43, 0-66) 291 (2-62-3-19) 0-27
CIE a abdomen 0-37 (-0-30, 0-70) 3-04 (2-74-3-34) 0-28
CIE b right arm 0-21 (-0-62, 0-69) 2.28 (2-06-2-51) 0-14
CIE b left arm —0-03 (=1-13-0.50) 2-54 (2-29-2-79) 0-07
CIE b right leg 0-36 (—0-33, 0-69) 2.73 (2:46-3-00) 0-28
CIE b left leg 0-57 (0-12, 0-79) 2.44 (2-20-2-68) 0-44
CIE b abdomen 0-19 (-0-67 0-61) 4.84 (4-36-5-32) 0-10
Sebum right arm 0-34 (-0-36, 0-68) 0-40 (0-36-0-44) 1-1
Sebum left arm 0-26 (—0-52, 0-64) 0-44 (0-40-0-48) 1.22
Sebum? right leg 0-63 (0-23, 0-82) 0-13 (0-11-0-14) 0-35
Sebum’? left leg 0-04 (-0-97 0-54) 0-0 (0-00-0-00) 0-00
Sebum™ abdomen -0-23 (-1-52, 0-41) 0-25 (0-23-0-28) 0-70

Note. Values reported in: * 100 x log (1/intensity of reflected red light); 1 100 x log (intensity of reflected red light/intensity of reflected green light);

seconds; tfum/cm?.
CCC, concordance correlation coefficient.
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Figure 3 A Bland-Altman plot showing differences between
test-retest measurements for TEWL right forearm.

and CIEL*a*b*), TEWL, hydration, pH, ultrasound (SLEB,
skin thickness and intensity), elasticity (viscoelasticity, elas-
ticity and retraction) and sebum. Intra-rater reliability of the
multipurpose device using the ICC was almost perfect for
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TEWL (p=0-8-0-92) across the upper and lower limbs. A
Bland—Altman plot for the intra-rater agreement mean differ-
ences of the right dorsal forearm TEWL is presented in Figure 3.
The 95% CI of the mean difference for right forearm TEWL, as
demonstrated with the Bland—Altman analysis had an accept-
able range of approximately + 2-11 g/m?/hour.

The intra-rater reliability for elasticity was substantial to
almost perfect (p =0-65-0-81) at all sites except the right fore-
arm (p=0-12). The test—retest reliability was almost perfect
for SLEB (p=0-95-0-99) and skin thickness (p =0-95-0-99).
The ICC was substantial to almost perfect for viscoelas-
ticity (p=0-67-0-91) and pH (p=0-76-0-88) across all
sites. Reliability for hydration (p =0-53-0-85) and retraction
(p=0:-57-0-99) were moderate to almost perfect across all
test sites. Test—retest reliability was moderate to substan-
tial for erythema (p=0-41-0-71) and skin intensity score
(p=0-59-0-75) across all test sites. Skin colour parameters
(melanin and CIEL*a*b*) and sebum measurement results
demonstrated varied intra-rater reliability across all sites as
presented in Table 3. Reliability varied from poor to moderate
for melanin (P =-0-31-0-51); slight to moderate for CIE a*
(p=0-01-0-37); fair to substantial for CIE L* (p =0-32-0-71)
and CIE b* (p =—0-03-0-57). The intra-rater reliability scores
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Table 4 Wilcoxon signed rank test-retest reliability results for vascular
assessments

Vascular assessment z-score (P value)

Right TBPI —0-33(0-75)
Left TBPI 0-33 (0-74)
Right venous PPG 1.52 (0-13)
Left venous PPG 1.57 (0-12)

Note. z-score approximates data to the normal distribution.
TBPI, toe brachial pressure index; PPG, photoplethysmography.

for assessing sebum was poor to fair across (p =—0-23-0-34)
across four sites (Table 3).

Results of the comparison between the test—retest TBPI and
venous PPG values, according to the Wilcoxon signed-rank
test, indicated no statistically significant median difference
(P> 0-05). Table 4 demonstrates the Wilcoxon P values for the
right and left TBPI and venous PPG test—retest results.

Discussion

The pilot study was conducted in preparation for a larger
which will investigate skin characteristics associated ageing
and skin tears. The pilot study investigated the reliability of
using non-invasive technologies to test—retest the morphologi-
cal (colour, thickness and elasticity) and physiological (TEWL,
hydration, sebum and pH) skin properties and the vascular sta-
tus (bilateral TBPI and venous reflux) of 31 aged care residents.
The agreement between measurements and the reproducibility
of pilot study results was established using the ICC and Lin’s
CCC for quantitative measurements, and the Wilcoxon signed
rank test for arterial and venous measurements.

Three commercially available biophysical skin analysis
instruments were used to non-invasively quantify a range of
morphological and physiological skin properties. In previous
studies the DermalLab Combo® has been reported to be a
reliable tool for measuring: scar tissue; radiation fibrosis; skin
barrier function; biophysical differences between gender, age
and skin location; breast elasticity and thickness; and topical
anti-wrinkle treatments (46—52). The Sebumeter® has previ-
ously been used to quantify sebaceous gland activity across
different genders, ethnicities and a range of body sites (53-55).
While the majority of these studies relate to sebaceous gland
activity of the forehead, other assessment sites have included
the neck, ventral forearm, dorsal hand and back (24,56). The
Skin-pH-meter® has been used by other researchers to measure
acidity of the skin surface across various age groups, ethnicities
and sex (24,56-58).

Prior to this pilot study, only one other published research
used non-invasive technologies to objectively quantify skin
properties associated with skin tears (3). No previous studies
have reported the intra-rater reliability and test—retest relia-
bility of using non-invasive technologies for quantifying skin
properties, across five test sites, to determine their suitability
for evaluating aged skin and clarifying any association with the
occurrence of skin tears.

The intra-rater reliability results of this study, using the mul-
tipurpose device was substantial to almost perfect for elasticity
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at all test sites, except the right forearm. The presence of intra-
dermal oedema and the accumulation of elastotic material in
photo-damaged skin may have altered the reproducibility of
elasticity parameters (viscoelasticity, elasticity and retraction).
Despite the majority of assessments having been performed
in the morning, variation in lower leg dermal oedema may
have arisen from one test period to the other from differences
between the time of assessments and the amount of time res-
ident’s feet were dependent prior to the assessment. The poor
reproducibility of the right forearm elasticity results may in part
be associated with the inability to precisely locate the initial test
site, and elastosis, which arises when degenerated elastic fibres
accumulate in the papillary dermis from chronic photoageing
that leads to loss of functional elastin (59). In Australia, where
motor vehicles are driven on the left-hand side of the road, the
right forearm is subjected to chronic sun exposure and is par-
ticularly susceptible to the influences of photoageing from the
penetrating effects of ultraviolet radiation (60).

The test—retest reliability was substantial to almost per-
fect for ultrasound measurements of SLEB and skin thickness
across all test sites. The SLEB, a hypoechoic band that forms
in the papillary dermis, is associated with photoageing as it pri-
marily occurs in those areas that are chronically exposed to UV
radiation (61). The presence of oedema with its diurnal com-
ponent varies according to the time of the day and season, can
reduce skin echogenicity and increase the width of the SLEB
as well as the thickness of skin (62,63). The SLEB readily
increases with oedema while dermal echogenicity is inversely
correlated with the amount of tissue fluid (64,65).

The intra-rater reliability results were substantial to almost
perfect for TEWL and hydration across the upper and lower
extremities. The measurement of TEWL has been identified as a
reliable means for evaluating the epidermal permeability barrier
function under basal conditions (66). Conversely, hydration
relates to the ability of the stratum corneum to retain water (67).
The TEWL and hydration are readily influenced by a range of
individual, environmental and assessment factors including the
ambient temperature and relative humidity (4,6). To minimise
the impact of these factors, residents were requested to avoid
washing or applying moisturisers to the test sites for 24 hours
prior to the assessment, as cleansers increase TEWL values
and moisturisers inflate hydration results (45). Prior to the
assessments and to standardise the procedure, residents were
acclimatised to their room with the test site exposed for a
minimum of 15 minutes.

The poorer intra-rater reliability of the TEWL and hydration
at the left lower abdominal region compared to the extremities
may in part relate to the use of absorbent aids to manage incon-
tinence. Research has shown that where skin is covered with
occlusive absorbent products, TEWL increases (68). Precondi-
tioning of the abdominal skin may have cofounded the results
with some residents reluctant to expose the test site for the entire
duration of the procedure.

Reliability ranged from moderate to substantial for erythema
and skin intensity score across all sites. The Skin-pH-meter®
reliability was substantial to almost perfect for pH across all test
sites. The intra-rater reliability score for casual sebum levels
were poor to slight across all test sites due to an inability
of the instrument to measure sebum across non-seborrheic
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skin surfaces. While there is widespread distribution of mature
sebaceous glands across all skin areas, except for the palms and
soles, there are fewer sebaceous glands in the extremities and
abdomen compared with seborrheic sites such as the forehead,
nose, chin, cheek and upper back (69—71). Despite the density
of sebaceous glands remaining constant throughout the life
span, the level of sebum secretion declines around 60 years of
age (72,73). The sebum results for this aged care population
was therefore not unexpected as the extremities and abdomen
are considered non-seborrheic skin surfaces.

Skin colour parameters (erythema, melanin and CIEL*a*b*)
varied across test sites. The reliability ranged from poor to mod-
erate for melanin; slight to moderate for CIE a*; and fair to
substantial for CIE L*and CIE b*. The inability to obtain a
good level of agreement for colour may be a consequence of:
sensitivity of the spectrophotometry; relatively small size of
the probe head that limits analysis of surface area; imprecision
identifying the initial test site at the mid-dorsal forearm; lack of
colour uniformity at test site from photoageing and resulted pig-
mented changes; or fluctuations in vascular perfusion that alter
the degree of erythema (74,75). Measurements of skin colour
are generally undertaken on the volar aspect of the forearm
to minimise the impact of photoageing (76) and the concomi-
tant effect of mottled pigmentation (77). Stress or anxiety and
the resultant increased blood flow from vasodilation can alter
both erythema and CIE a* values. Conversely, vasoconstriction
and local ischemia occurs where contact of the colour probe
applies excessive pressure to the skin (75). Likewise, fluctua-
tions in the ambient room temperature, relative humidity, air
movement and lighting can vary results (78). While direct light-
ing was avoided and the time of repeat assessments were similar
to the initial test, the ambient temperature and relative humid-
ity of individual resident’s rooms could not be regulated by the
investigator. Nevertheless, baseline and retest room tempera-
ture and relative were relatively consistent, and readings fell
within recommended limits (4,45). The poor reproducibility of
CIEL*a*b colour space may have resulted from metamerism,
where repeat measurements of the test site exhibited colour
changes under varying individual, environmental or assessment
conditions (79).

The SEM estimates the standard deviation of errors of mea-
surement with the magnitude of the error contingent upon
the precise value of the variables measured (80). High SEM
values were obtained for hydration (16-32-44.35), SLEB
(13-53-28-50), skin thickness (33:51-77-90) and skin inten-
sity (7-18—12-23) score result in wide CI measures. Hydration
values were reported in micro-Siemens (pS) while ultrasound
(SLEB and skin thickness) values were measured in microme-
tres. The SEM for retraction values, which were initially
reported in milliseconds (104-20-1663-07), was converted to
seconds (0-10—1-66) for clinical interpretation. The SEM for
pH (0-17-0-26) and viscoelasticity (0-24—0-87), measured
respectively in mg/cm? and MPa, were lower and therefore dis-
played narrower CI values.

There was no statistically significant median difference
(P=>0-05) between the test—retest measurements for TBPI
and venous PPG according to the Wilcoxon signed-rank test.
The P values for the Wilcoxon signed rank test for venous PPG
of the lower legs were smaller than the values obtained for the
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TBPI. The variation in P values may be associated with the
individual factors as 55% (n=17) of residents had a reported
diagnosis of osteoarthritis that potentially reduced their repro-
ducibility to dorsiflex their ankle and perform the procedure.
The literature report the utility of PPG to investigate venous
insufficiency is hampered amongst individuals with fixed or
restricted joint movement (81).

A major strength of this study lies in the in vivo evaluation of
non-invasive technologies to quantify morphological and phys-
iological skin properties of ageing skin according to interna-
tional guidance for standardising individual, environmental and
assessment conditions. The test—retest methodology research
technique provided additional strength for determining the reli-
ability of measurements by quantifying the intra-rater reliabil-
ity. The need for research to demonstrate reproducibility and
consistency of clinical measurements is well-documented (82).

Conclusion

The use of non-invasive technologies in this test—retest reli-
ability pilot study provided an objective and reliable means
for quantifying morphological and physiological skin proper-
ties. The inability of the investigator to precisely remeasure
colour across sun exposed, non-uniformed highly pigmented,
upper and lower extremities of ageing skin resulted in poor
reproducibility. The decline in sebum secretion in this study
population aged, 74—95 years and the inability of the device
to measure sebum across non-seborrheic skin sites also lead
to poor reproducibility. The measurement of TEWL, elasticity,
hydration, pH and skin thickness, however, is worth examin-
ing further in relation to skin tears. The results from this study
demonstrate that non-invasive technologies provide a safe, reli-
able and objective means for quantifying ageing skin properties
and provide a suitable option for future research into the explo-
ration of skin tears in this age group.
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