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Abstract
Introduction: High-frequency ultrasound provides a modern, non-invasive method of skin visualization used for
many years in dermatology. In this paper, we present the use of high-frequency ultrasound in monitoring the effects
of treatment of selected dermatoses and a review of the literature on this topic. 
Material and methods: Ultrasound examination of the skin using a 20 MHz linear probe (Dermascan C, Cortex) was
performed twice: before the introduction of a specific treatment and after therapy in patients treated at the Depart-
ment of Dermatology, Poznan University of Medical Sciences, with a diagnosis of atopic dermatitis, T-cell cutaneous
lymphoma, eosinophilic fasciitis, limited cutaneous scleroderma (morphea), plaque psoriasis and chronic cutaneous
graft versus host disease. 
Results: In each of the patients presented in this study ultrasound skin imaging made it possible to visualize the
clinical improvement by analyzing the degree of echogenicity, the thickness of the dermis, hypoechoic band and
the entrance echo. 
Conclusions: We demonstrated the usefulness of 20 MHz ultrasound in monitoring the treatment of different der-
matoses. 

Key words: high-frequency ultrasound, skin USG, atopic dermatitis, psoriasis, skin lymphoma, morphea, fasciitis
eosinophilica, cutaneous graft versus host disease (cGvHD).

Introduction 

Ultrasonography has been a well-recognized method
of organ and tissues imaging in medicine for about 
60 years. Numerous applications (fetal imaging, evalua-
tion of lymph nodes, examination of abdominal organs,
and others) are associated with its non-invasiveness and
reproducibility as well as relatively low cost. In routine
gynaecological and internal practice frequencies from
3.5 MHz to about 7.5 MHz with a resolution of 2-3 mm
are used. Imaging of the skin requires the use of sub-
stantially higher frequencies between 15 MHz and 
20 MHz, providing a resolution of 60-120 μm. The term
high-frequency ultrasound (HF USG) was introduced for
ultrasound using frequencies above 15 MHz [1-3]. Cur-
rently, it is possible to achieve even higher resolution
images using modern probes of a frequency of 50 MHz
or even 100 MHz.

The first attempt to use ultrasonic beams for experi-
mental dermatology was conducted in 1979 by Alexan-
der and Miller. Using the presentation of type A (from
amplitude) the researchers performed measurement of
skin thickness [4]. There has been intensive development
of imaging techniques in subsequent years. A special con-
tribution to the improvement of this method of visual-
ization was made by researchers from Germany, Denmark
and Japan [5]. The result of ultrasound examination of the
skin may be presented in the form of presentation A
(A-scan, measurement at one point), type B (B-scan, two-
dimensional, 2D) and type C (2D image at a certain depth
parallel to the skin surface). Modern ultrasound devices
are also capable of 3-dimensional image reconstruction
(3D) [3, 5, 6]. 

High-frequency ultrasonography is a method of imag-
ing with multiple indications in clinical and experimental
dermatology. Table I shows the possible use of 20 MHz
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ultrasound in dermatology. In this paper, we present the
use of high-frequency ultrasound in monitoring the effects
of treatment of selected dermatoses and a review of the
literature on this topic. 

Material and methods 

The paper presents the sonograms of 5 patients treat-
ed at the Department of Dermatology, Poznan Universi-
ty of Medical Sciences due to atopic dermatitis (AD), cuta-
neous T-cell lymphoma, eosinophilic fasciitis, limited
cutaneous scleroderma (morphea), plaque psoriasis and
chronic cutaneous graft versus host disease (scleroder-
moid, cutaneous graft versus host disease – cGvHD). The
diagnosis of each dermatoses was established according
to accepted standards. Therapy for each patient was
applied depending on the diagnosis and clinical status.
Characteristics of each patient are presented in Table 2.

Skin ultrasonography was performed using a probe
with a frequency of 20 MHz, Dermascan C, Cortex Tech-
nology (Hadsund, Denmark), twice, before and after treat-
ment. Ultrasound beam penetration into the tissue is
approximately 10 mm, with axial resolution of 80 μm, and
lateral resolution of 200 μm. Ultrasound examination in
the form of presentation B was performed in a selected,
representative region (twice in the same location – before

and after treatment). The results are presented in the form
of ultrasound images. 

Dermascan C in creating the image uses an arbitrary
adopted scale of intensity of the reflected wave from 0 
to 255 pixels and it is considered that the intensity of 
< 30 indicates low echogenicity. Echogenicity reflects the
average intensity of the reflected wave for each pixel in
the field under examination. 

Results 

In the sonogram of the AD patient before UVA1 pho-
totherapy the presence of a wide hypoechoic band just
below the echo entry and decrease of total skin
echogenicity were revealed (Fig. 1 A). After completion of
planned therapy, ultrasound examination showed the
reduction of hypoechoic band thickness and an increase
of skin echogenicity (Fig. 1 B). 

The ultrasound examination of T-cell lymphoma 
(Figs. 2 A, B) before turning the planned therapy revealed
the presence of a hypoechoic band in the upper part of
the dermis and its disappearance was observed in the
sonogram made on the last day of therapy.

Similar observations were made in relation to sono-
grams of a patient with plaque psoriasis. In ultrasound
pictures taken before treatment (Fig. 3 A) a highly
echogenic, thickened entrance echo as well as streak, per-
pendicular to the entry echo shadowing, were visualised.
The presence of a hypoechoic band in the upper part of
the dermis, as in the case of AD, was also revealed. How-
ever, in the sonogram made on the last day of treatment
(Fig. 3 B) the entry echo has been smoothed, the streak
shading disappeared, the entire skin thickness was thin-
ner, and, as in the case of the AD patient, the skin
echogenicity increased.

In the sonogram of patients suffering from scleroder-
mic diseases (fasciitis eosinophilica, morphea, cGvHD) as
a result of a UVA1 irradiation cycle, the reduction of both
analysed parameters (skin thickness and echogenicity)
was observed in comparison to the analysis before treat-
ment (Figs. 4 A, B, 5 A, B, 6 A, B). 
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Table 1. Possible applications of HF-USG in dermatology

Preoperative assessment of skin tumours’ size

Evaluation and monitoring of treatment of scleroderma-like

diseases, e.g. morphea, eosinophilic fasciitis, cutaneous graft

versus host disease

Evaluation and monitoring of treatment of inflammatory skin 

diseases, e.g. psoriasis, atopic dermatitis, eczema

Assessment of skin photoaging

Evaluation of wound healing

Assessment of the adverse effects of topical drug therapy, 

e.g. posteroid skin atrophy 

Assessment of the effects of cosmetics, e.g. anti-cellulite

Table 2. Patients characteristics

Diagnosis Sex Age [years] Therapy

AD M 16 Mild/moderate topical glucocorticosteroids/antihistamines

Cutaneous T-cell lymphoma M 52 UVA1 phototherapy

Fascitis eosinophilica F 54 UVA1 phototherapy

Morphea F 27 UVA1 phototherapy

Plaque psoriasis M 32 Etanercept (16 weeks)

cGvHD F 40 UVA1 phototherapy

M – male, F – female
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Discussion 

Healthy skin sonogram consists of three layers (Fig. 7): 
• entrance echo – a strongly echogenic band,
• the dermis – a layer rich in echoes of the scattered

reflections,
• subcutaneous tissue – a layer of low echogenicity with

well-reflecting wave compartments. 
According to Gniadecka et al., thickness of the entry

echo does not correspond to the thickness of the epider-

mis [5]. Using a 20 MHz probe it is not possible to illus-
trate the various layers of the epidermis, or dermal-epi-
dermal junction, due to insufficient resolution. In accor-
dance with the observation of researchers, the entry echo
is formed as the sum of echoes from the stratum
corneum, the rest of the epidermis and dermal-epidermal
junction [6]. The epidermis (mainly low in the water stra-
tum corneum layer) can only be visualized in diseases pre-
senting with thickening of the stratum corneum, such as

High-frequency ultrasonography in monitoring the effects of treatment of selected dermatoses

Fig. 1. Sonogram of AD: A – before treatment, B – after tre-
atment

A

B

Fig. 2. Sonogram of T-cell lymphoma: A – before treatment,
B – after treatment

A

B

Fig. 3. Sonogram of plaque psoriasis: A – before treatment,
B – after treatment

A

B

Fig. 4. Sonogram of fasciitis eosinophilica: A – before tre-
atment, B – after treatment

A

B

Fig. 5. Sonogram of morphea: A – before treatment, B – after
treatment

A

B

Fig. 6. Sonogram of cGvHD: A – before treatment, B – after
treatment

A

B
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psoriasis, as well as within such anatomical locations as
the palms and soles [5, 7, 8]. Then in the ultrasound image
a strong echogenic band corresponding to the transition
between the weakly hydrated stratum corneum and lay-
ers of living epidermis rich in water can be observed 
(Fig. 8). Available literature reports suggest that the visu-
alization of epidermis that is low-reflectant in its internal
structure is possible using transducers with much high-
er frequencies, 100 MHz [5]. 

The dermis is less echogenic than the entrance echo
and consists of multiple echoes of varying intensity [5].
It is believed that the overall echogenicity of this layer is
formed as a result of the reflection of the ultrasound wave
between collagen fibres, intercellular matrix and cells. As
for collagen, the ultrasound image is associated not only
with its quantity but also type, orientation and size of its
beams [2]. Hence, the upper layers of the skin corre-
sponding to the ultrasound image of papillary dermis usu-
ally have lower echogenicity than its deeper layers, the
reticular dermis. Therefore, in diseases presenting with
excessive accumulation of collagen fibre (for example, in
morphea, eosinophilic fasciitis, cGvHD) there is an
increase of total skin echogenicity (Figs. 4 A, 5 A, 6 A). As
a result of treatment, as in the case of patients present-
ed herein treated with UVA1 (morphea, eosinophilica
fasciitis), we observed reduction of skin thickness and
decrease of its echogenicity (Figs. 4 B, 5 B, 6 B). It should
be noted that the ultrasound image significantly depends
on the phase of such disorders. During the inflammato-
ry phase a decrease of echogenicity is observed, while in
the sclerotic phase an increase is observed [9, 10]. 

An interesting observation is sonograms of keloids
and hypertrophic scars, although they are composed of
fibrous tissue, appear as homogeneous low-reflectant
structures. This phenomenon is due to the degree of com-
paction of the collagen fibres. In keloids we observe tight
alignment of collagen fibres, whereas in the scleroderma,
because of the presence of larger amounts of intercellu-
lar substance, it is looser [5]. 

Lower skin echogenicity (in comparison to healthy
skin) can be observed in the case of oedema, which is

probably associated with distension of the fibre network
due to the presence of water [5, 8]. Depending on the
cause of oedema, areas of reduced echogenicity may be
visualized in the upper or lower layers of the dermis. In
the case of lipodermatosclerosis hypoechoic areas are pri-
marily localized in the upper dermis, just below the entry
echo, while in cardiac insufficiency they occur mainly in
the lower portions of the skin [5, 11]. Another cause of
reduced echogenicity particularly in the upper layers of
the dermis may be, beyond the oedema, infiltration of
inflammatory cells [5]. This regularity can be observed in
acute and chronic eczema, as well as in the case of AD.
There are reports on the use of high-frequency USG in the
objective assessment of patch test results [12]. 

Another sonographic characteristic of inflammatory
diseases such as AD is the presence of an echo-poor area
underneath the entry echo (called the echolucent area or
subepidermal low-echogenic band (SLEB)), which express-
es the inflammation process in the epidermis and upper
dermis [13]. The SLEB may serve as a parameter showing
the resolution of inflammation and at the same time
demonstrating the accuracy of the administered therapy.
Another interesting observation in our opinion is the pos-
sibility of visualization of an echolucent area also within
clinically healthy skin in some patients with AD, which may
suggest the existence of subclinical inflammation [14-16].
In the case of AD patient presented in this paper treated
with narrowband UVA skin sonograms revealed an increase
in echogenicity and reduction of the SLEB thickness after
completion of therapy. These results are compatible with
our previous observations [17, 18]. German researchers con-
ducted a sonographic examination of 20 patients with AD,
treated with UVA/UVB therapy and topical steroids, and
found that the SLEB disappears completely when the clin-
ical resolution of skin lesions is observed [19]. 

De Rigal et al. first reported the presence of SLEB also
in photodamaged skin [20]. It was observed that its thick-
ness correlates with the severity of skin lesions and can be
used to assess the effects of treatment with anti-aging for-
mulas. The presence of an echopoor area in photoaging is
associated with alterations in skin fibre structure and accu-
mulation of water-binding glycosaminoglycans [21]. 

As for psoriasis, its sonographic picture is similar to
other inflammatory skin diseases. Hyperkeratotic plaque
psoriasis has a thickened entrance echo and also it is pos-
sible to visualize streak shading, perpendicular to the
entry echo, probably corresponding to bubbles trapped
between the scales. It is also possible to observe the pres-
ence of SLEB as a parameter indicating the active phase
of the disease and on the basis of its changes to evalu-
ate the effectiveness of treatment [8, 13]. 

In dermatology different scoring systems for evalua-
tion of the effects of various therapies are used, for exam-
ple PASI (Psoriasis Area Severity Index), whose final value
is largely dependent on the subjective assessment of the
investigator. More objective evaluation is possible with 

Fig. 7. Sonogram of healthy skin

Fig. 8. Sonogram of the palm
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20 MHz ultrasound, in which the images entirely correspond
to the clinical data. Regarding a patient treated with bio-
logicals, we observed the reduction of SLEB, which was cor-
related with the improvement in clinical status (Fig. 3 B).
In the opinion of other authors, after the removal of scales
within psoriatic lesions the reduction of entry echo thick-
ness of 24% and increase of skin echogenicity may be
observed [7]. 

In the ultrasound image of T-cell lymphoma, due to
massive lymphocyte infiltration, the dominant feature is
the presence of a thick echolucent area under echo entry.
Its reduction or disappearance, as in the case of inflam-
matory diseases, shows the effectiveness of the therapy. 

Thus, on the basis of the cases presented in this paper
and literature data, high-frequency ultrasound can be con-
sidered as a non-invasive method useful in objective eval-
uation of the course and effectiveness of therapy.

Subcutaneous tissue is a structure of low echogenic-
ity; hence the boundary between it and the dermis can
be easily differentiated. Sometimes strands of connective
tissue may be visualized as well as in some anatomical
locations, such as within the wrist, it is easy to observe
the fascia. The average depth of penetration of ultrasound
beams for the 20 MHz transducer is approximately 10-12
mm; therefore due to limitations to assessment of the
subcutaneous tissue, 7.5-10 MHz transducers seem to be
more useful [13]. 

In conclusion, the usefulness of 20 MHz ultrasound
in monitoring the effectiveness of treatment of skin dis-
orders with different aetiologies should be strongly
emphasized [15, 16, 20-26]. A particular advantage of this
method is its non-invasiveness and the possibility of
repeating the skin examination at every stage of therapy.
20 MHz ultrasound of the skin, although it is a method
significantly improving dermatological diagnostics, due
to the low resolution of obtained images, does not allow
for full differentiation of the image to an extent which
allows microscopy. Sonography of the skin does not diag-
nose skin diseases; based on the skin sonograms one can-
not make a diagnosis. However, it is an in vivo tool which
can be performed quickly and automatically, at any stage
of treatment, without any special preparation of the
patient. Free of contraindications and side effects, ultra-
sound is particularly relevant in paediatric dermatology.
Moreover, it appears that this method will become par-
ticularly important in clinical trials of newly introduced
drugs. Applications of ultrasound in clinical as well as
experimental dermatology are constantly expanding,
and certainly this method will complement the modern
diagnosis of skin lesions. 

References

1. Schmid-Wendtner MH, Dill-Müller D. Ultrasound technology
in dermatology. Semin Cutan Med Surg 2008; 27: 44-51.

2. Rallan D, Harland CC. Ultrasound in dermatology – basic prin-
ciples and applications. Clin Exp Dermatol 2003; 28: 632-8. 

3. Jasaitiene D, Valiukeviciene S, Linkeviciute G, et al. Principles
of high-frequency ultrasonography for investigation of skin
pathology. J Eur Acad Dermatol Venereol 2011; 25: 375-82.

4. Alexander H, Miller DL. Determining skin thickness with pul-
sed ultrasound. J Invest Dermatol 1979; 72: 17-9. 

5. Jemec GB, Gniadecka M, Ulrich J. Ultrasound in dermatolo-
gy. Part I. High frequency ultrasound. Eur J Dermatol 2000;
10: 492-7. 

6. Zmudzinska M, Czarnecka-Operacz M, Silny W. Principles of
dermatologic ultrasound diagnostics. Acta Dermatovenerol
Croat 2008; 16: 126-9.

7. Hoffmann K, Dirschka T, Schwarze H, et al. 20 MHz sono-
graphy, colorimetry and image analysisi in the evaluation of
psoriasis vulgaris. J Dermatol 1995; 9: 103-10.

8. Szymanska E, Nowicki A, Mlosek K, et al. Skin imaging with
high frequency ultrasound – preliminary results. Eur J Ultra-
sound 2000; 12: 9-16. 

9. Dill-Müller D, Maschke J. Ultrasonography in dermatology. 
J Dtsch Dermatol Ges 2007; 5: 689-707.

10. Serup J. Localized scleroderma (morphea): thickness of scle-
rotic plaques as measured by 15-MHZ pulsed ultrasound. Acta
Dermatol Venereol (Stockh) 1984; 64: 214-9.

11. Silny W, Osmola-Mańkowska A, Czarnecka-Operacz M, et al.
Wąskozakresowa fototerapia UVA-1 w lecznictwie dermato-
logicznym – pierwsze polskie doświadczenia. Post Dermatol
Alergol 2010; 27: 1-10.

12. Gniadecka M. Dermal oedema in lipodermatosclerosis: distri-
bution, effects of posture and compressive therapy evalu-
ated by high-frequency ultrasonography. Acta Derm Venere-
ol 1995; 75: 2: 120-4. 

13. Pierzchała E, Lis A, Syguła E, et al. Alergia kontaktowa u per-
sonelu medycznego i pomocniczego Kliniki Dermatologii Ślą-
skiej Akademii Medycznej, Katowice. Post Derm Alerg 2004;
21: 9-13.

14. Fornage BD. High-frequency sonography of the skin. Eur 
J Ultrasound 1995; 2: 173-82.

15. Dańczak-Pazdrowska A, Polańska A, Silny W, et al. Seemin-
gly healthy skin in atopic dermatitis: observations with the
use of high-frequency ultrasonography, preliminary study.
Skin Res Technol 2011 May 2 [Epub ahead of print].

16. Silny W, Czarnecka-Operacz M, Gliński W, et al. Atopowe
zapalenie skóry – współczesne poglądy na patomechanizm
oraz metody postępowania diagnostyczno-leczniczego. Sta-
nowisko grupy specjalistów Polskiego Towarzystwa Derma-
tologicznego. Post Dermatol Alergol 2010; 27: 365-83.

17. Silny W, Dańczak-Pazdrowska A, Osmola-Mańkowska A, et
al. High-frequency ultrasonography as a useful device to
objective assessment of UVA1 treatment-preliminary study.
P208, EADV Gothenburg 2010.

18. Polańska A, Sadowska A, Osmola-Mańkowska A, et al. Ultra-
sonograficzna ocena atopowego zapalenia skóry. Forum Mło-
dych 2011.

19. Hoffmann K, Dirschka T, Schwarze H. Non-invasive evaluation
of inflammation in atopic dermatitis. J Eur Acad Dermatol
Venereol 1994; 3: 347-53.

20. De Rigal J, Escoffier C, Querleux B, et al. Assessment of aging
of the human skin in vivo by ultrasonic imaging. J Invest Der-
matol 1989; 93: 621-5.

21. Gniadecka M, Jemec GBE. Quantitative evaluation of chro-
nological aging and photoaging in vivo: studies on skin echo-
genicity and thickness. Br J Dermatol 1989; 139: 815-21.

22. Olek-Hrab K, Osmola-Mańkowska A, Silny W, et al. Use of
UVA1 in the treatment of mycosis fungoides – case report.
Post Dermatol Alergol 2011; 28: 158-64.

High-frequency ultrasonography in monitoring the effects of treatment of selected dermatoses



Postępy Dermatologii i Alergologii XXVIII; 2011/4260

A. Polańska, A. Dańczak-Pazdrowska, W. Silny, A. Sadowska, D. Jenerowicz, A. Osmola-Mańkowska, K. Olek-Hrab

23. Unholzer A, Korting HC. High-frequency ultrasound in the
evaluation of pharmacological effects on the skin. Skin Phar-
macol Appl Skin Physiol 2002; 15: 71-84.

24. Holm EA, Wulf HC, Thomassen L, Jemec GB. Instrumental
assessment of atopic eczema: validation of transepidermal
water loss, stratum corneum hydration, erythema, scaling,
and edema. J Am Acad Dermatol 2006; 55: 772-80.

25. Sadowska A, Polańska A, Dańczak-Pazdrowska A, et al. The
assessment of biologic therapy in psoriasis with the use of
high-frequency ultrasonography. Karlowe Wary, EADV Spring
Symposjum 2011.

26. Silny W, Osmola-Mankowska A, Czarnecka-Operacz M, et al.
Eosinophilic fascitis: a report of two cases treated with ultra-
violet A1 phototherapy. Photodermatol Photoimmunol Pho-
tomed 2009; 25: 325-7.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


