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B Scanning Evaluation of lrritant Reactions with Binary

Transformation and Image analysis

S. SEIDENARI and A. DI NARDO
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In order to characterize and quantify irritant skin reactions, 12
women aged 18 to 45 underwent 5 patch tests with sodium
lauryl sulfate at the following concentrations: 0.5, 1, 2, 3 and
5%. The tests, applied on volar forearm skin, were removed
after a 24-h application. Evaporimetry and B scanning were
carried out at the beginning and at 24, 48 and 72 h after patch
test application. Echographic recordings were performed by
Dermascan C (Cortex Technology, Hadsund, Denmark). After
the acquisition, the echographic images were processed by a
dedicated software (Dermavision 2D, Cortex Technology, Had-
sund, Denmark) enabling the selection of amplitudes of interest
and the transformation into a binary colour system. By attri-
buting one colour to a selected amplitude band, part of an
image can be highlighted and assessed by a value corresponding
to the number of pixels (picture elements). For the evaluation of
the images, 2 bands were chosen. The first, ranging from 201 to
255 is able to highlight hyperreflecting parts of the pictures
(epidermis, lower part of the dermis); the second, ranging from
0 to 30, marks the hypo-echogenic part of the tissue, which is
the site of inflammation.

The evaluation by means of the 201-255 amplitude band

rshowed a marked decrease of the echogenicity of the epidermis
which:was: more: pronounced-at-24-h. determinations: and for

== higher concentrations of sodium lauryl sulphate (SLS); whereas
-the: increase in. pixel. numbers,. shown by. the. 0~30.band,_was
slight-and apparent only.for. high: SLS concentrations. . . ..
Echographic.data and transepidermal.water.loss (TEWL).val

evaluation method proved useful in assessing superficial skin
damage induced by irritants. Key words: SLS patch test; Echo-
graphic evaluation; Image analysis; Evaporimetry.
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Irritant contact dermatitis and subclinical skin irritation are
common but complex clinical problems. Unlike allergic con-
tact dermatitis, which is always accompanied by subjective and
objective signs, skin damage induced by an irritant substance
can exist in the absence of clear clinical alterations thus mak-
ing the skin more vulnerable to further irritation (1). For this
reason, instrumental assessment of subclinical irritation is par-
ticularly important. )

A better understanding of the pathophysiological mecha-
nisms underlying irritant skin damage has been achieved by
experimental irritant patch testing. Functional investigation of
skin blood flow, skin colour and skin thickness changes, as
measurements of the inflammatory process, and of trans-epi-
dermal water loss, reflecting alterations of the barrier function
of the stratum corneum, have been performed by many re-
searchers (2-9).

B scanning assessment of allergic patch test reactions has

- ues showed a good correlation.: Thus;. we can conclude that this:-

proved a reliable method for their quantification, and is well
correlated to clinical scoring (10). We have described an eval-
vation method employing a new software package to be used
on images recorded by a 20-MHz B scanner, enabling the
determination of the surface of image areas reflecting within
homogeneous echo-amplitudes (11). Using this method, we
demonstrated that the number of pixels mirrored within a
pre-selected range shows an increase that is proportional to
the intensity of a positive allergic reaction.

Our study aims at evaluating irritant reactions using this new
method, comparing the results of the echographic assessment
with clinical scoring and with values for transepidermal water
loss (TEWL), which is considered a reliable method for the
evaluation of subclinical water barrier function damage.

MATERIAL AND METHODS
Patients and patch tests
Twelve women, aged 18 to 45 years, underwent patch tests with 0.5, 1,

-+-.2, 3 and 5%_sodium lauryl. sulphate. (SLS) (SIGMA Chemical Co.,

+ purity. according to monograph 95%).with.a 24-h application time. A
filter paper disk was' put.into:a large: Finn Chamber (Epitest; Ltd.,

-7 Finland):and wet with'30 ul of each solution. After basal recordings, . .-
+ = patchr testss were' applied: on the: flexural aspect of the left forearm,. .. - ".:
: fixed to-the:skin by Scanpor tape (Norgesplaster; Finland): Two patch-:..." ...

1+ tests were.placed; in pairsiz4.cm below-the antecubital fossa, two more - -

<xipatches. 4-cm:-lower; the- fifth: 4-cm’ below these; at mid- distance

between the pairs. The positioning of the chambers was systematically
varied, but blinded to the examiner. On the distal part of the forearm,
a patch test with sterile water and an empty chamber without the
paper disk were applied. After patch test removal and between assess-

ments, patch test sites were covered by a light gauze dressing.

Clinical evaluation

Clinical scoring was carried out, before instrumental evaluations, by
using a five-point intensity scale, as follows: normal skin = 0; scaling
or very weak erythema = 1; weak erythema and slight infiltration = 2;
marked erythema, infiltration and vesicles = 3; marked erythema,
infiltration, vesicles, abrasion and possibly exudation = 4.

Instrumental assessments

Instrumental assessments were performed after 2 30-min acclimatiza-
tion period, at the beginning of the experiment, after 24 h, 30 min
after patch test removal, and after 48 and 72 h. All measurements
were carried out on relaxed reclining subjects in a climatic chamber
with temperature set at 21-22°C and humidity at 45-50%.

Evaporimetry

TEWL was determined by an evaporimeter (EP1, Servomed, Stock-
holm, Sweden). This instrument uses the method of water pressure
gradient calculation described in detail by Nilsson (12). During all
measurements, the probe was hand held using an insulating glove,
thus avoiding heating of the probe. After stabilisation of the TEWL
value, 3045 s after application of the probe to the skin, damping filter
buttons were pressed in order to smooth fluctuations in TEWL.
TEWL value displayed during the next 30-s period was considered the
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Table 1. Skin thickness values in mm (£ SD) at SLS paich test
sites

Concen- Baseline 24 h 48 h 72h
tration
0.5% 1.02 1.12 1.12 1.1
(0.07) (0.10) (0.11) (0.11)
1% 1.01 1.1 1.13 1.19
(0.08) (0.10) (0.07) (0.36)
2% 1.07 1.24 1.29 1.32
(0.09) (0.22 (0.20) (0.42)
3% 1.09 1.22 1.27 1.32
(0.10) (0.19) (0.17) (0.39)
5% 1.1 1.42 1.41 1.38
(0.08) (0.28) (0.20) (0.49)

measured value (13). TEWL measurements were only performed at
SLS treated skin sites.

Echographic evaluations

The echographic recordings were carried out using a 20-MHz B scan-
ner (Dermascan C, Cortex Technology, Hadsund, Denmark). This
instrument has already been described in detail elsewhere (10). For all
recordings a standard swept gain curve at a constant level of 22 dB was
used. The evaluations were performed by employing the zoom func-
tion in axial direction at the first magnification (at factor 2) which
enables exploring of the tissue up to a depth of 6.71 mm. The auto-
matic calculation of skin thickness was based on velocity of sound in
skin of 1580 m/s.' Assessment of thickness of epidermis and dermis was
performed in B mode, outlining the image of the whole skin block on
the.screen and- determining the extension by the region of interest
.+. (ROI) function: From this area a mean thickness, based on the values
"+ of 224 A scan lines (obtained by dividing the value of the area by 224)
~ can be calculated (14).
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Image analysis

After the acquisition, the echographic images were processed by a
dedicated programme (Dermavision 2D, Cortex Technology, Had-
sund, Denmark), set up on an IBM compatible system (11). This
programme has been described elsewhere (15). For the evaluation of
the images two bands were chosen. The first, ranging from 0 to 30,
marks hyporeflecting areas corresponding to oedema and inflamma-
tory infiltration: the second, ranging from 201 to 255, is able to
highlight hyper-reflecting parts of the picture. For every image, pixel
values of areas reflecting in these ranges were determined. The chosen
regions of interest were, for the 0~30 band, the entire skin block
appearing on the screen; for the 201255 interval, the hyper-reflecting

band, corresponding to the epidermis and, separately, the Jower part
of the dermis.

Statistics

For each SLS dilution and for control tests, TEWL, thickness and
pixel values referring to baseline skin and to 24-, 48- and 72-h assess-
ments were compared using the ANOVA test for repeated values and
the Student-Newman-Keuls (SNK) test. The Spearman rank correla-
tion coefficient was calculated to study the relationship between the
visual grading system and the echographic evaluations. Regression
analysis was used to detect linearity between TEWL data and the
number of pixels. Finally, the Student’s r-test for paired values was
used, to compare baseline values of pixels to values obtained from SLS
treated skin sites, which had been scored with 0.

RESULTS

Clinical evaluation

Out of 180 evaluations of patch test reactions (12 patients X 5
patch tests X 3 times of assessment), 112 resulted in a positive

sites. Reactions were at their maximum intensity at 24 h:. for .

Fig. 1. Images of normal skin of
the volar forearm (left upper
corner) and of patch test reactions
of different degrees of positivity,
after selection of the 0-30
amplitude band and binary
transformation. The area reflecting
in the selected interval appears
green in the dermis and increases
according to positivity degree.

- clinical score. Forty-nine scored 1, 34 scored 2,17 scored 3and . .-

it

-12 scored 4. No positive reactions were detected at control test -

each test area, the total score was at its highest at 24-h assess- . .
ment and decreased progressively at 48 and 72 h. The reaction, - -«
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Fig. 2. Number of pixels forming areas reflecting in the 0-30 amplitude
interval at SLS patch test sites, performed with 0.5% to 5% SLS in
distilled water, assessed at different times. Number of pixels is at its
maximum at 24-h determinations.

as assessed clinically, was proportional to the concentration of
the irritant solution.

Echographic evaluation

Skin thickness, as assessed in B mode, showed an increase in
time which was more evident with high SLS concentrations
(Table I). The increase was at its maximum at 24 h for 0.5 and
5% concentrations, and at 72 h for 1, 2 and 3% SLS patch
tests. Comparing consecutive times of assessment, differences
in skin thickness values were significant only for 0.5 and 5%
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72-h ones for 5% patch tests. The correlation coefficient r
between number of pixels and visual scoring was 0.432.

Dermis evaluation by the 201-255 band showed a slight
decrease at all SLS treated skin sites and at all times, which
was more evident at 48-h assessment (Fig. 3). This decrease
reached statistical significance for 2 to 5% patch tests. For 5%
patch tests, at a level of significance of 0.05, it was possible to
distinguish between baseline values and 24-, 48- and 72-h
values.

Considerable information could be obtained by processing
with the 201-255 band to highlight areas reflecting in the upper
part of the skin (Fig. 4). Pixel values showed a marked de-
crease for all concentrations especially at 24-h determinations.
This decrease was more pronounced for patches performed
with 3 and 5% solutions (Fig. 5). Variations in pixel numbers
were statistically significant for 1 to 5% patches. Differences
between groups were detectable for 1to 5% solutions between
baseline values and 24- and 48-h values and between 24- and
72-h values; moreover, for the 2% concentration, differences
between baseline and 72-h and between 48- and 72-h values
were evident. Finally, 3% patch test determinations differed
between 48-h and 24- and 72-h measurements.

No significant variations were observed for values of echo-
graphic measurements at control test sites. g

The correlation coefficient r between the echogra/phic eval-
uation by the 201-255 band and the visual grading system was
—0.277. In view of this poor correlation, values of pixels

-~ SLS concentrations. At a level of significance of 0.05 it was= - reflecting in the 201-255 range of SLS treated skin sites scoring
v v possibleto distinguish- between baseline values-and-24~;. 48- -.-z.0 were compared to baseline values for the same skin site by
and 72-h values. : ©+ 7oz the Student’s t-test for paired values. This test showed a highly
+ '+ Processing by the 0-30 band showed: an-increase in the. - significant differenice between the 2 groups (p < 0.001).

-7 ..z extension of the area reflecting in this range for all dilutions '

(Fig. 1). The highest increase was observed for the 5%
solution. For all concentrations, the increase was more evident
at 24-h determinations and values dropped again after that
time (Fig. 2). Statistical differences between pixel values, as-
sessed at different times for the same SLS dilution, were
observed for 3 and 5% patch tests. SNK evaluation showed
significant differences between baseline values and those as-
sessed at 24, 48 and 72 h for 3% patches, and differences
between baseline and 24- and 48-h values and between 48- and
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Fig. 3. Number of pixels forming areas reflecting in the lower dermis
in the 201-255 amplitude interval, at sites of SLS patch tests, per-
formed with 0.5% to 5% SLS in distilled water, assessed at different
times. Pixel values decrease especially at 5% SLS patch tests.

Evaporimetry

TEWL at SLS treated sites had significantly increased at 24 h
compared to basal skin. Readings fell gradually, but the in-
creases were still significant at 48 and 72 h. Increases were
more evident for the highest SLS concentrations (Fig. 6).

A significant linear correlation was demonstrated between
TEWL values and number of hyper-reflecting pixels (201-255)
in the epidermis. The linear regressions were as follows: y =
=0.06 x +29.19 (r = —0.832).

DISCUSSION

It is well known that surfactant induced changes are present
after applications of the irritant even though the skin appears
normal from a clinical and a subjective view point. Moreover,
it has been demonstrated that the inflammatory response asso-
ciated with skin barrier function damage induced by SLS is
correlated with the concentration of SLS (8). In fact, even in
the absence of clinical signs of skin irritation, increases in
TEWL were detected before increases in skin blood flow,
sustaining the view that barrier function damage precedes the
inflammatory process (7, 16). Thus, TEWL and other corre-
lated dynamic parameters, such as skin surface water loss,
have proved to be reliable methods for the assessment of skin
irritation.

For this reason, we chose the TEWL measurement as a
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method which is both comparable to clinical scoring and to
echographic data referring to subclinical irritation.
Our. results confirm a positive dose response correlation

- between irritant doses of SLS and skin damage as assessed
. .x clinically. TEWL results are in accordance with previous data
--w.7x referring to irritant patch tests performed with a 24-h applica-

tion time (7, 16, 18).

... The increase in skin thickness, already evidenced by Serup

and co-workers using a 15 MHz A scan equipment (19), was
confirmed by our B scan assessments which showed that this
rise, which is tied to the inflammatory process, reaches its
highest level later than TEWL value evaluating skin barrier
damage.

Our image analysis procedure, based on the selection of
amplitude intervals of interest and on the determination of the
values of the pixels forming areas reflecting within the chosen
amplitude bands, enables a numerical description of physio-
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Fig. 5. Number of pixel forming areas reflecting in the upper part of
the skin in the 201-255 interval at sites of 0.5% to 5% SLS patch tests,
assessed at different times. Pixel values decrease at 24-h determina-
tions.
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Fig. 4. Images of normal skin of
the volar forearm (left upper
corner) and of patch test reactions
of different degrees of positivity,
after selection of the 201-255 band
and binary transformation. Area
reflecting in the selected interval
appears green. Epidermis echo and
echogenicity of the lower dermis
are clearly decreased at positive
patch tist sites compared to normal
skin.

logical and pathological conditions of the skin. The choice of
the bands for evaluating irritant skin reactions was based on a
previous experience. concerning assessment of allergic patch
test responses (11).

. The echographic aspect of an irritant reaction is character-
ized by the presence of a lower density and a greater homoge-
neity of the dermis corresponding to a decrease in reflectivity

- as in allergic reactions. Unlike the latter, irritant reactions

show a clear decrease in the epidermis echo which is hypo-
reflecting and interrupted or has totally disappeared.

Thus, an evaluation interval covering the lowest amplitudes
can quantify the appearance of dermal hyporeflectivity,
whereas a band comprising the highest amplitudes is helpful in
determining the damage of the entrace echo. Data calculated
by the 0-30 band evaluation show a fair correlation to clinical
scoring, whereas reflectivity of the epidermis, as assessed by
the 201-255 band, is inversely proportional to TEWL values.
The significance of the superficial hypo-echogenicity is diffi-
cult to explain. It is interesting to observe that it is propor-
tional to functional damage, as demonstrated by TEWL, and
could be considered as a visual equivalent of impaired water
barrier function of the skin.

Moreover, this method seems very sensitive and is therefore
useful in evaluating subclinical irritation. In fact, SLS treated
skin areas which had been clinically evaluated as negative test
showed echographic modifications which could be quantified
by image analysis and were significant in comparison to nor-
mal skin values. '

Compared to other non invasive techniques in assessing
irritation, the echographic evaluation has the advantage of a
quick execution. In fact, no pre-conditioning of the subjects is
necessary, whereas subjects have to rest for at least 15 min



Fig.
assessed at different times at 0.5%
to 5% SLS patch test sites. The
increase in TEWL reaches its
highest level at 24-h assessment.

6. TEWL average values 35
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before measurements of TEWL, skin colour and skin blood
flow.

REFERENCES

1.

e 20

Malten KE. Thoughts on irritant contact dermatitis. Contact Der-
matitis 1981; 7: 238-247.

Nilsson. GE, Otto U, Wahlberg JE. Assessment of skin irritancy in

- man by laser- Doppler flowmetry.. Contact Dermatitis. 1982; 8:

401-406.

. Van der Valk P, Nater JP; Bleumink E. Skin irritancy. of surfac-.

-z tants .as. assessed by. water' vapor loss: measurements. J. Invest
. Dermatol 1984; 82: 291-293.

. Staberg B, Klemp P, Serup J. Patch test.responses.evaluated by
- cutaneous blood flow measurements. Arch Dermatol 1984; 120:

741-743.

. SerupJ, Staberg B, Klemp P. Quantification of cutaneous oedema

in patch test reactions by measurement of skin thickness with

high-frequency pulsed ultrasound. Contact Dermatitis 1984; 10:
88-93.

. Willis CM, Stephens CJM, Wilkinson JD. Assessment of eryth-

ema in irritant contact dermatitis. Comparison between visual

scoring and laser Doppler flowmetry. Contact Dermatitis 1988;
18: 138-142.

. Agner T, Serup J. Skin reactions to irritants assessed by non-

invasive bioengineering methods. Contact Dermatitis 1989; 20:
352-359.

. Agner T, Serup J. Sodium lauryl sulphate for irritant patch test-

ing: A dose-response study using bioengineering methods for

determination of skin irritation. J Invest Dermatol 1990; 95: 543~
547.

. Serup J, Agner T. Colorimetric quantification of erythema: A

24 h

—£— 1%

10.
11.

12

=. 13

T T

48 h 72 h

—— 2% —=—- 3% 5%

comparison of two colorimeters (Lange Micro Color and Minolta
Chroma meter CR-200) with a clinical scoring scheme and laser
Doppler flowmetry. Clin Exp Dermatol 1990; 15: 267-272.
Seidenari S, Di Nardo A, Pepe P, Giannetti A. Ultrasound B
scanning with image analysis for assessment of allergic patch test
reactions. Contact Dermatitis 1991; 24: 216-222.

Seidenari S, Di Nardo A. A new image analysis system for the
assessment of allergic patch test reactions recorded by B scanning.

~.. Contact Dermatitis: 1991; 25: 329.

Nilsson' EG- Measurement of water exchange through skin. Med
- Biol Eng Comput 1977; 15: 209-218.

- Pinnagoda J,-Tupker RA,; Agner T, Serup J. Guidelines for tran-

¢ =z sepidermal-water loss (TEWL) measurement. A report from the

15.

16.

17.

18.

19.

- standardization group of the European Society of Contact Der-
-+ matitis. Contact’Dermatitis 1990; 22: 164-178.
14.

Serup J. Origin and patterns of ultrasound reflections from the
dermis. Abstracts of the International Congress on Ultrasound in
Dermatology. Bochum, march 15-17, 1990. Zentralbl Haut Ges-
chlechtskrankh 1990; 157: 319.

Seidenari S, Di Nardo A. B scanning evaluation of allergic reac-
tions with binary transformation and image analysis. Acta Derm
(Stockh) 1992; Suppl. 175: 3-7.

Agner T, Serup J. Individual and istrumental variations in irritant
patch test reactions — clinical evaluation and quantification by
bioengineering methods. Clin Exp Dermatol 1990; 15: 28-33.
Berardesca E, Maibach H. Monitoring the water holding capacity
in visually non-irritated skin by plastic occlusion stress test
(POST). Clin Exp Dermatol 1990; 15: 107-110.

Serup J, Staberg B. Differentiation of allergic and irritant reac-
tions by transepidermal water loss. Contact Dermatitis 1987; 16:
126-132.

Serup J, Staberg B. Ultrasound for assessment of allergic and
irritant patch test reactions. Contact Dermatitis 1987; 17: 80-84.

Acta Derm Venereol (Stockh) 71



