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Summary

Background Skin atrophy is one of the main side-effects of topical corticosteroid
therapy. Although the use of high-frequency ultrasound is an established method
that has been studied previously, it allows measurements of the slow-reacting
dermal thickness only.

Objectives To investigate the decreasing epidermal thickness, which occurs earlier,
we used optical coherence tomography (OCT), a high-resolution noninvasive
imaging technique, and compared it with 20-MHz ultrasound and profilometry.
Patients/methods In this double-blind placebo-controlled trial 20 healthy volunteers
applied four different corticosteroids and the cream base formulation as placebo
to the volar part of both arms once a day over a 4-week period. The epidermal
thickness, the dermal thickness and the skin surface roughness were assessed
using OCT, high-frequency ultrasound and profilometry.

Results Each of the three methods allowed the detection and monitoring of signifi-
cant corticosteroid-induced skin atrophy and its reversibility. The changes corre-
lated with the potency of the steroids. The epidermal thickness decreased
significantly in all test areas, even in the placebo and the untreated fields. As
expected, the reduction in epidermal thickness was more pronounced and could
be detected earlier by OCT than the reduction of dermal thickness using ultra-
sound. The epidermal surface roughness investigated using profilometry showed
a slight smoothing.

Conclusions OCT allows a simple, fast and noninvasive in vivo measurement of the
epidermal thickness. To evaluate the atrophogenic potential of corticosteroids it is
more suitable than high-frequency ultrasound as epidermal thickness decreases
earlier. In addition, epidermal thickness is a more sensitive indicator of steroid
atrophy as the degree of thinning is much higher compared with the dermal
atrophy. Profilometry might give further information; however, it would not be
suitable for clinical use as the results were generally less pronounced. In the
future, OCT might be useful to detect corticosteroid-induced side-effects at the
beginning for monitoring the therapy.

Glucocorticoids have been used topically in dermatology since
1952." Today they represent one of the most important treat-
ments in dermatological therapy. However, systemic and local
side-effects are feared complications of their use. The most
relevant adverse effect in dermatology is skin atrophy, depend-
ing on the duration and the method of application as much as
the chemical structure and the potency of the steroid.*?

700

In clinical and experimental studies high-frequency ultra-
sound has been used as an established noninvasive method for
the quantification of corticosteroid-induced skin atrophy.*™"'
However, because of its low resolution ultrasound determines
only the dermal thickness. This parameter changes relatively
late because of the slow metabolism of the collagen synthesis.

Epidermal thickness decreases considerably earlier during



corticosteroid treatment because of the high proliferation rate
of the keratinocytes.>'*™"*

Optical coherence tomography (OCT) is a noninvasive
high-resolution method, which enables the evaluation of epi-

15718 1t would be useful to detect and mon-

dermal thickness.
itor early side-effects such as skin atrophy.

In the double-blind trial, we used OCT in comparison with
20-MHz ultrasound and profilometry to investigate the atropho-
genic potential of four different topical glucocorticoids and pla-
cebo during a 4-week treatment in 20 healthy volunteers. The
reversibility of the atrophic effect was examined 3 weeks after

the end of treatment.

Patients and methods

Optical coherence tomography

The principle of OCT is based on interferometry. Light is cou-
pled into optical fibres and divided into a reference beam with
a known path length and a probe beam that is focused on the
skin. The light in the probe beam is backscattered from the
superficial skin layers and recombined again with the refer-
ence beam. Interference occurs only if the path lengths of
both beams match to within the coherence length of the light
source. The interference signal provides information on the
path length distribution of the probe beam because of optical
inhomogeneities of the tissue. By lateral scanning, OCT pro-
vides two-dimensional cross-sectional images of the skin in
real time without touching the surface of the skin.

In this study we used a prototype of the OCT system Sirius
(4optics, Libeck, Germany) with an axial and lateral resolu-
tion of about 15 pm. The superluminescence diode (Super-
lum, Moscow, Russia) has a coherence length of 15 um and a
wavelength of 1300 nm. The two-dimensional images have a
lateral dimension of 4—6 mm and a detection depth of about
15 mm. A single-mode fibreoptic serves as an interferometer.
A flexible hand piece allows measurements of any skin region.
In an area of interest, an average A-scan representing the
depth-resolved signal intensities in the probe can be calculated.
On the curve, distances between peaks, signal intensities and
the signal attenuation coefficient (1) as a function of the slope
of the curve can be calculated at different depths. The epider-
mal thickness can be determined by calculating the mean dif-
ference between the entrance peak of the A-scan signal
representing the surface and the increase to the second peak at

16—-19

the papillary dermis.

High-frequency ultrasound

We followed the established method of investigating cortico-
steroid-induced skin atrophy by using a 20-MHz ultrasound
system (DermaScan C® Ver. 3; Cortex Technology, Hadsund,
Denmark) to assess the dermal thickness. The transducer is
coupled to the skin by a water path and an ultrasonic gel film.
The detection depth is about 1 c¢m, the axial resolution about
80 um and the lateral resolution about 200 pm. Because of

701

Fig 1. Optical coherence tomography (OCT) image of healthy skin
(volar arm) projected true to scale on to the corresponding 20-MHz
ultrasound image of the same area. In the OCT image the first layer is
the epidermis. The dermal—epidermal junction is marked by an arrow.
In the ultrasound image it is not possible to delimit the epidermis
from the dermis, whereas the border to the subcutis is clearly visible

because of the higher detection depth (stars).

this low resolution it is not possible to distinguish the epider-
mal from the dermal layer so that dermal thickness always
means epidermis plus dermis (Fig. 1). The dermal thickness
was measured by calculating the mean distance between a line
imputed just below the entrance signal and a second line
drawn manually at the border between the echodense dermis
and the echopoor subcutaneous fat. The number and intensity
of reflections in the dermis can be quantified as echodensity.

Profilometry

The epidermal surface structure was investigated using optical
three-dimensional profilometry (PRIMOS 4-0; GFMesstechnik
GmbH, Teltow, Germany). It is a noninvasive in vivo method to
measure the skin roughness within a few seconds and without
need of any replicas. A camera image and a depth-resolved sur-
face profile by fringe projection were collected simultaneously
in vivo from the test sites. The image size was 14 X 18 mm. The
profiles were adjusted to a polynome of 5 degrees of freedom
into both axes to remove the arch of the arm. The roughness
parameters Ra (arithmetic mean of roughness) and Rz (mean
roughness) were calculated after filtering (wave filter according
to DIN 4768) along 16 star-shaped lines of the profile.

Volunteers

The treatments and measurements in this double-blind trial
were performed on healthy skin of 20 volunteers (15 women
and five men; age range 22-56 years). Exclusion criteria were
any systemic or topical glucocorticoid treatment within
2 months before and any skin disease or allergic skin reaction
in the past. Before enrolment, each subject was fully informed
about the ingredients and possible side-effects of the prepara-
tions and gave signed and informed consent. The experimental
protocol was approved by the ethics committee of the Univer-
sity of Litbeck (reference 02—083).

Treatments

The volunteers applied five different treatments to the volar
part of both arms once daily over a period of 4 weeks. The

treatments were:
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1 Hydrocortisone 1%; potency class I, mild.

2 Methylprednisolone aceponate 0-1%; new class with high
potency and low risk of side-effects.

3 Betamethasone valerate 0-1%; potency class III, potent.

4 Clobetasol propionate 0-05%; potency class IV, very potent.

5 Cream base, steroid free.

One adjacent test area without any treatment served as control.

The different ointments were randomly assigned to the six test

areas (5 X 5 cm each) of each person. They were numbered

and rotated from subject to subject. For application, the vol-

unteers were encouraged to use another finger for each pre-

paration, not to cover the treated areas within the next

10 min and not to wash them during the following 2 h. The

volunteers were advised to apply an amount of about a grain,

equivalent to about 50 mg, to each area.

Measurements

Measurements were taken on days 0 (before treatment), 3, 7,
14, 21, 28 and 3 weeks after the end of the treatment on day
49 using OCT, 20-MHz ultrasound and profilometry. Because
of a possible influence of the ultrasonic gel the ultrasound
measurements were always performed after OCT and profil-
ometry.*

Statistical analysis

The Wilcoxon signed rank test for matched pairs was used for
comparison of the values before and during the treatment.

120
110 control
100 placebo
E 90 HC
= 80 BV
70 MP
60 CP
50 - T T T T T T 1

day0 day3 day7 day14 day21 day28 day49
Time

Fig 2. Mean epidermal thickness (um) measured by optical coherence
tomography (OCT). HC, hydrocortisone; BV, betamethasone valerate;

MP, methylprednisolone aceponate; CP, clobetasol propionate.

Table 1 Optical coherence tomography results of the epidermal thickness

Statistical evaluation of differences between the treatments was
performed using the Friedman variance analysis of ranks with
consecutive Wilcoxon/Wilcox comparisons. Significance of
differences was assumed at P < 0-05.

Results

Optical coherence tomography

The epidermal thickness decreased continuously in all test
areas, even in the placebo and the untreated area (Fig. 2).
After 7 days of treatment at the latest, this thinning was signi-
ficant (P < 0-01) for all test fields (Table 1). Three weeks after
the end of treatment (day 49) epidermal thickness had
reached almost its baseline value, but was still significantly dif-
ferent from the thickness before treatment in all areas. The
increase between days 28 and 49 was significant in all fields
except the methylprednisolone aceponate treatment.

The degree of epidermal thinning reflects the different
potency of the treatments: clobetasol propionate induced the
highest degree of atrophy (Figs 3, 4), followed by betametha-
sone valerate and methylprednisolone aceponate. Hydrocorti-
sone, placebo and the control induced atrophy to a lower, but
still significant, extent.

The signal attenuation coefficient (p) representing the scatter-
ing of the upper dermis showed a slight but significant
increase in all test fields. There was no significant difference
between the preparations.

Ultrasound

The dermal thickness measured by 20-MHz ultrasound
showed a decrease in all fields, which was generally less pro-
nounced than the decrease in epidermal thickness evaluated by
OCT (Fig. 5). Unlike OCT, the difference between corticoster-
oid treatment and placebo or control is now statistically vis-
ible: dermal thinning of steroid-treated skin was significant
after 3 days, that of placebo and untreated skin not until
21 days (Table 2). Three weeks after the end of application
dermal thickness had regained almost its initial value. This
increase was significant in all test areas except the placebo and
the hydrocortisone-treated areas.

Day 0 (T0) Day 3 (T1) Day 7 (T2) Day 14 (T3) Day 21 (T4) Day 28 (T5) Day 49 (Té6)
Control 1047 £ 282 956 + 20-6* 92:0 + 207 85:5 + 214 84-1 + 252 79:0 £ 227 91-8 + 22-1%
Placebo 1092 £ 180 96:8 + 18-5%* 90-1 £ 179 86'3 + 183 83:1 + 220 758 £ 21°5 96:1 + 22:0%
HC 107-2 £ 256 99-1 £ 20-0% 904 + 161 87-1 £ 150 87-3 £ 207 83-1 + 23-5 94:6 £ 17-1*
BV 996 * 216 924 £ 137 82:6 £ 17-6** 759 £ 199 751 £ 158 63:5 * 13-4 88:8 + 20-1**
MP 1052 £ 21-3 90-0 £ 22-4%* 869 = 219 79:6 = 23:0 77-8 £ 27°1 791 £31°5 94-1 + 227
CP 1074 £ 159 94-1 + 28-3%* 791 £ 181 77:0 £ 250 69'5 + 183 658 £ 19-7 88:8 + 17-2%*

Mean * SD, n = 20, *P < 0-05, **P < 0-01; the asterisks mark the first significant change compared with TO of the same area, at T6 com-
pared with TS. HC, hydrocortisone; BV, betamethasone valerate; MP, methylprednisolone aceponate; CP, clobetasol propionate



Fig 3. Optical coherence tomography image of healthy skin at the
volar part of the arm before treatment with clobetasol propionate (day
0, subject no. 16). Arrows mark the dermal—-epidermal junction.

Image area 6 X 1'94 mm.

Fig 4. Optical coherence tomography image of the same area after
4 weeks of treatment with clobetasol propionate (day 28, subject no.
16). The epidermal thickness decreased markedly. Image area

6 X 1:94 mm.
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Fig 5. Mean dermal thickness (mm) measured by 20-MHz
ultrasound. HC, hydrocortisone; BV, betamethasone valerate; MP,

methylprednisolone aceponate; CP, clobetasol propionate.

The wultrasound results represent, like OCT, the different
potency of the preparations: dermal thinning because of
clobetasol propionate is statistically different from that caused
by hydrocortisone and placebo (Figs 6, 7).

The echodensity increase was statistically significant after 7 days
at the latest in all areas. The differences between the treatments

were less pronounced compared with dermal thickness.

Table 2 Ultrasound results of the dermal thickness
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Fig 6. Ultrasound (20-MHz) image of healthy skin at the volar part
of the arm before treatment with clobetasol propionate (day 0, subject
no. 16). Arrows mark the border between dermis and subcutis. Image

area 12 X 3-9 mm.

Fig 7. Ultrasound (20-MHz) image of the same area after 4 weeks of
treatment with clobetasol propionate (day 28, subject no. 16). The

dermal thinning is visible. Image area 12 X 3-9 mm.

Profilometry

The epidermal surface roughness evaluated by profilometry
showed a slight reduction represented by slightly decreasing
Rz and Ra values, especially in the clobetasol propionate-treat-
ed area (Figs 8—10). After 7 days, this decrease was significant
in the test fields of clobetasol propionate, betamethasone val-
erate and methylprednisolone aceponate, and after 21 days in

300
250 control
200 placebo
E 150 :\(;’
100 MP
50 cP
0+ T T T

day0 day3 day7 day 14 day 21 day 28 day 49
Time

Fig 8. Mean roughness Rz (um) measured by profilometry. HC,
hydrocortisone; BV, betamethasone valerate; MP, methylprednisolone

aceponate; CP, clobetasol propionate.

Day 0 (T0) Day 3 (T1) Day 7 (T2) Day 14 (T3) Day 21 (T4) Day 28 (T5) Day 49 (T6)
Control 0961 + 0-14 0954 £ 0-16 0951 £ 0-16 0938 + 0-15 0911 £ 0-15%* 0905 £ 0-13 0974 £ 0-14*
Placebo 0980 + 0-12 0-981 £ 0-13 0957 £ 0-14 0947 + 0-16 0:929 £ 0-17%* 0923 £ 0:15 0965 * 0-12
HC 0990 + 0-13 0945 £ 0-12%* 0946 £ 0-12 0967 £ 0-16 0949 £ 0-17 0928 £ 0-14 0971 £ 0-15
BV 0973 £ 0-15 0925 £ 0-16* 0917 £ 0-14 0901 £ 0-16 0-881 £ 0-16 0-860 £ 0-18 0946 + 0-13%**
MP 0983 * 0-15 0918 &+ 0-12%* 0913 £ 0-14 0-889 = 0-13 0860 £ 0-13 0-868 £ 0-16 0935 & 0-11%**
Cp 0964 = 0-14 0-894 £ 0-14%* 0920 £ 0-18 0-905 £ 0-17 0-843 £ 0-17 0-841 £ 0-16 0925 £ 1-17*

Mean * SD, n = 20, *P < 0-05, **P < 0-01; the asterisks mark the first significant change compared with TO of the same area, at T6 com-
pared with T5. HC, hydrocortisone; BV, betamethasone valerate; MP, methylprednisolone aceponate; CP, clobetasol propionate
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Fig 9. Profilometry image of healthy skin at the volar part of the arm
before treatment with clobetasol propionate (day 0, subject no. 16).

Image area 12 X 16 mm.

1 1 1 1
-8 -6 -4 -2 0 2 4 6 8

Fig 10. Profilometry image of the same area after 4 weeks of
treatment with clobetasol propionate (day 28, subject no. 16). The

surface roughness is visibly reduced. Image area 12 X 16 mm.

the hydrocortisone-treated area (Table 3). The placebo and the
control areas showed no significant reduction in skin rough-
ness, even after 4 weeks. The increase 3 weeks after the end
of treatment was statistically significant in all test fields.

Table 3 Profilometry results of the mean roughness (Rz)

The different extent of decreasing roughness between clobeta-
sol propionate and hydrocortisone or placebo was significant
only on day 7.

Comparison of the methods

Each of the three methods allowed the detection and monitor-
ing of corticosteroid-induced skin atrophy. As expected, the
reduction of epidermal thickness compared with the dermal
thickness was more pronounced and included even the pla-
cebo and the untreated area. The epidermal atrophy could be
detected earlier by OCT than the reduction of dermal thickness
assessed by ultrasound. However, the epidermal roughness
evaluated by profilometry showed only slight changes, which
were significant for the potent corticosteroids. The signal
attenuation coefficient (p) as well as the echodensity of the
upper dermis showed a slight but significant increase.
Furthermore, the reversibility of the atrophogenic effect
within 3 weeks after the end of treatment could be demon-
strated as statistically significant by all the methods. At the
end, only the epidermal thickness was still significantly differ-
ent from its baseline values.

The results of OCT, ultrasound and profilometry correlated
with the potency of the different steroids. Clobetasol propion-
ate induced the strongest atrophogenic effect, followed by
betamethasone valerate and methylprednisolone aceponate.
The difference between hydrocortisone-induced atrophy and
that seen in placebo or untreated skin was not statistically
significant.

Figure 11 demonstrates the differences between the methods:
the changes in epidermal thickness, dermal thickness and epi-
dermal surface roughness assessed by OCT, ultrasound and
profilometry, respectively, are clearly shown for clobetasol
propionate, the treatment with the most atrophogenic effect.
The epidermal thickness measured by OCT clearly showed the
highest degree of change in comparison with ultrasound and
profilometry.

Discussion

OCT allowed the quantification of corticosteroid-induced skin
atrophy. Moreover, the epidermal thickness measured by this
new method was obviously a more sensitive parameter than

Day 0 (T0) Day 3 (T1) Day 7 (T2) Day 14 (T3) Day 21 (T4) Day 28 (T5) Day 49 (T6)
Control 2280 £ 54:8 2281 £ 41:1 2244 % 43:1 222:1 284 2201 * 405 2277 £ 375 2556 * 37-3%
Placebo  237-8 £ 41:0 2343 %399 2297 * 394 235:0 £ 472 2183 % 368 2246 £ 362 2680  62:4%
HC 246:8 £ 497 2340 £ 537 2446 * 641 2293 £ 289 223:1 £302%  227:6 £ 435 2557 & 53:3%x
BV 243:9 £ 436 2309 £ 459 2181 £ 26:0%F 2057 + 43:5 2174 + 328 206:3 + 458 2512 & 72-4%%
MP 248:9 * 446 2408 £ 589 2179 £ 47-1% 2198 £ 567 2209 * 412 2287 £ 572 2535 & 53-1%
cp 2334 £ 552 2079 £ 40:0 1977 + 34:5% 1977 + 364 1917 * 457 1993 + 384 2330 & 55:5%

Mean * SD, n = 20, *P < 0-05, **P < 0-01; the asterisks mark the first significant change compared with TO of the same area, at T6 com-
pared with T5. HC, hydrocortisone; BV, betamethasone valerate; MP, methylprednisolone aceponate; CP, clobetasol propionate
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Fig 11. Changes (in percentage) of the epidermal thickness [optical
coherence tomography (OCT)], the dermal thickness (ultrasound) and
the mean roughness (profilometry) in the clobetasol propionate-
treated skin of all subjects.

dermal thickness assessed by ultrasound: the decrease in
epidermal thickness started earlier and was more pronounced
than the reduction in dermal thickness. This corresponds to the
natural mechanism of steroid atrophy: the epidermis, with the
high proliferation rate of keratinocytes, is affected earlier than
the dermis, which changes relatively late because of the low
production rate of collagen and mucopolysaccharides based on

3,12-14 . .
Hence, OCT is a more suit-

a changed m-RNA synthesis.
able method for the assessment of corticosteroid-induced skin
atrophy than high-frequency ultrasound—until now the estab-
lished noninvasive method for these investigations.

It is remarkable that OCT detected a significant decrease even
in the placebo and the untreated area after 3 days whereas this
effect was not detectable at all, as early and to the same
extent, by ultrasound and profilometry. This might be because
of a slight systemic effect, which was first noticeable in the
epidermal thickness. Another reason might be a spreading of
the creams from adjacent areas. But the decoding of the ran-
dom distribution of the test fields on the arms at the end of
the trial revealed that the degree of epidermal thinning in the
untreated area was completely independent of the potency of
the adjacent treatment. From this irregularity an unexpected
slight systemic effect on the whole skin can be postulated,
more or less pronounced from subject to subject. Of course
this is a dose-dependent effect.

In 1999, Pagnoni et a.”! investigated corticosteroid-induced
epidermal thinning using OCT, but under the treatment of
only clobetasol propionate for 3 weeks. At the end of this
trial, the epidermal thickness in the test field was reduced by
17:6%; no systemic effect has been described. In our study, a
reduction of epidermal thickness by 35:3% could be observed.
A systemic effect—more likely to appear under the treatment
of four different corticosteroids at both arms in a 4-week per-
iod, in contrast to only one corticosteroid in a 3-week per-
iod—might explain these different results. It is obvious that a
possible systemic effect would be first detectable by assessing
the early-reacting epidermis, which underlines the importance
of OCT in clinical and therapeutic use: local and systemic
side-effects of a corticosteroid therapy may be detected and
monitored earlier than was previously possible by using OCT
instead of the established methods, i.e. ultrasound.
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A further advantage of OCT is that the epidermal thickness is
not or is hardly influenced by physiological factors in contrast
to the dermal thickness, which is influenced, for example, by
age, time of day, body water distribution, ultraviolet exposure
or sex hormones.””** The epidermal surface roughness is also
influenced by different parameters: it increases, for example,

. ) ) L2527
in a dry environment or at a low skin hydration.

The epi-
dermal thickness is less influenced by those factors; optical
properties such as the light attenuation coefficient might be
more affected.’® Therefore, OCT measurements show less vari-
ability compared with dermal thickness and skin surface
roughness assessed by ultrasound and profilometry.

Looking at the reversibility of the atrophogenic effect it is
remarkable that the epidermal thickness has not reached its
baseline values. The thickness results of OCT on day 49 are
still statistically different from day 0 in all test areas, whereas
the dermal thickness results of ultrasound differ significantly
from baseline values only in the clobetasol propionate- and
methylprednisolone aceponate-treated areas. Regeneration of
the normal proliferation rate of the strongly influenced epider-
mal keratinocytes seems to take longer than the first effect of
dermal regeneration: the re-activation of the just slightly sup-
pressed glycosaminoglycane synthesis with consecutive rehy-
dration and thickening of the dermis. Hence, steroid atrophy
of the epidermis can be characterized by an earlier beginning
and a longer duration compared with the dermis.

Because of the antiproliferative effect of corticosteroids, a
decrease in skin surface roughness was expected and con-
firmed by the profilometry results. In spite of these conclusive
results, in contrast to further investigations using profilome-
try, 2820

compared with OCT and ultrasound. Profilometry gives further

the steroid effect was generally less pronounced

information about steroid atrophy; however, it would not be
suitable for monitoring corticosteroid effects in clinical use.
The differences between the potency of the corticosteroids
was demonstrated by each of the methods. Methylpredniso-
lone aceponate, a new-generation steroid with an increased
risk—benefit ratio, actually induced less atrophy than the
potent steroids (class III and IV). However, a very early signi-
ficant reduction, not only in epidermal thickness, which could
be well-founded on the above-mentioned systemic effect, but
also in dermal thickness, could be observed. This is remark-
able considering the fact that clinical trials with topical meth-
ylprednisolone aceponate treatment observed no steroid
atrophy at all after a period of 12 weeks. Hence, the atropho-
genic potential of those new corticosteroids should be
re-investigated.

In summary, OCT allows a simple, fast and noninvasive evalu-
ation of the atrophogenic potential of topical corticosteroids.
It is more suitable than high-frequency ultrasound as epider-
mal thickness decreases earlier than dermal thickness. Epider-
mal thickness is also a more sensitive indicator of steroid
atrophy as OCT allowed the detection of a possible systemic
effect, in contrast to ultrasound results. Profilometry might
give further information, but the effects were less pro-

nounced. The results correlated with the potency of the
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steroids, although methylprednisolone aceponate induced an

unexpected early atrophy.

In clinical use, OCT might be of value not only for the monit-

oring of corticosteroid therapy but also for choosing the

optimal treatment for inflammatory skin disease as it enables

the detection of side-effects at the beginning of treatment.
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