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Abstract - This paper presents sensors and imaging methods
for the detection of orthopedic hip implants loosening. Within
orthopedic surgical practice one of the major applications is the
reconstructive joint replacement. The hip is used to be the most
replaced joint. Although considered an excellent surgical
procedure, it can be complicated by implant particle-induced
osteolysis (bone resorption) followed by loosening of the implant.
Techniques used to assess the loosening of the hip implant involve
imaging methods as well as sensors used to characterize the bone-
implant interface. Implants with integrated sensors have the
potential to raise the specificity and sensitivity of the diagnostics
of implant loosening.
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L

An implant by definition is a medical device manufactured
to enhance, support or replace a biological structure. Some
implants like artificial peacemakers and cochlear implants
contain electronics as well. As the implants are intended to
function in the biological environment i.e. in the living human
system, the choice of the constituent materials is crucial. These
materials are termed biomaterials or biomedical materials and
must be biocompatible. According to the Williams definition,
biocompatibility is the ability of the materials to perform with
an appropriate host response in a specific application [1].

INTRODUCTION

Orthopedic implants are devices surgically placed into the
body to restore function of a damaged structure i.e. bone
screws and plates for fixation of fractured bone segments or hip
and knee prostheses to artificially replace these joints. The
orthopedic implant sector is an important part of the
biomedical industry with a market value estimated to increase
from 29.2 billion USD in 2012 to 41.2 billion USD in 2019 [2].
Geographically, North America dominated the global market
for orthopedic devices but Europe was the second largest
regional market in 2012. In 2012, knee orthopedic devices
accounted for the largest share by revenue of the total
orthopedic devices market [2]. The knee is the largest joint of
the human body consisting of two articulations permitting
flexion and extension. The most important in retaining balance
and support the weight of the body in static and dynamic
postures is the hip joint. Both joints however are vulnerable to
acute injury and the development of osteoarthritis.
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Osteoarthritis is characterized by degenerative changes in
the joints. These start with the successive loss of articular
cartilage and may even lead to the exposure of the bone
surface. Determined by disease severity and the site affected,
osteoarthritis results in impairments of function, activities of
daily living and quality of life [3, 4, 5].

The prevalence of osteoarthritis continues to increase and it
will represent the fourth leading cause of disability worldwide
by 2020 [6, 7]. This places a globally major burden on
individuals, health and social care systems [8, 9]. The
prevalence of osteoarthritis in Germany varies between 20 and
25% [10]. Upon data from the German Health Interview and
Examination Survey for Adults (“Studie zur Gesundheit
Erwachsener in Deutschland”, DEGS) which is part of the
health monitoring system of the Robert Koch Institute (RKI)
from a total of 7,988 persons aged 18—79 years 22.3% of
women and 18.1% of men were diagnosed with osteoarthritis

[11].

Hip osteoarthritis is degeneration and finally the destruction
of the cartilage in the hip joint. This leads to a complete failure
of the hip joint. A total hip replacement (THR) is a proven
therapy to restore the mobility of the hip joint (Figure 1). In
this case, both the femoral head and the socket of the hip joint
are replaced by ceramic or metal and polyethylene components
designed to restore painless mobility. In Europe, yearly
500.000 people undergo hip joint replacement [12]. In
Germany there were 210.000 hip prostheses implanted in 2012
[13]. Prosthesis survival depends on several factors such as
surgical technique, prosthesis shape, age and activity of the
patent. Most often 5-10 years after total hip replacement
loosening of the stem component occurs. The most common
cause of joint replacement loosening is due to wear of the
implant surfaces and the subsequent weakening of surrounding
bone. This process is called osteolysis, meaning the active
resorption of bone matrix by osteoclasts (bone cells) [14]. As a
result, large displacements of the prosthesis relative to the host
bone could occur that may result in walking difficulties as well
as severe pain and elevated risk of pathological fractures.
Currently, patients with loose prostheses undergo open revision
surgery, which is a highly demanding procedure. As a
consequence, there is a need for methods that detect precisely
and accurately the hip implant loosening and help physicians in
establishing the right moment for intervention such as revision
surgery. In the following we present diagnostic methods to
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confirm loosening of the hip prostheses. These methods are
divided into imaging and implant integrated sensors.

Hip Prosthesis

Interlocking nails

Orthopedic implants

Knee Prosthesis Small fragment

A

Fig. . Examples of orthopedic implants: hip prosthesis (manufactured to
replace the femoral head and acetabulum), knee prosthesis (used to replace the
diseased joint surfaces of the knee), interlocking nails (used to fix the
fractures of long bones) and small fragments (the choise of treatment in case
of small fracture fixations of the Humerus, Pelvis or Distal Tibia) [modified
from 28].

II. IMAGING TECHNIQUES OF HIP IMPLANT LOOSENING

Total hip replacement, pioneered by Charnley in the
1960s, is a widely used surgical procedure, which is beneficial
to a great number of patients suffering from osteoarthritis [15].
However, a major complication accompanying this procedure
is mechanical loosening of the implants. Loosening of the hip
implants can be the result of inadequate initial fixation,
mechanical loss of fixation over time or a biologic loss of
fixation caused by particle-induced osteolysis (bone
resorption) around the implant [14].

Poor implant fixation and subsequent motion facilitates
release of wear debris (particles) and loosening of implants
[16]. This leads to inflammatory responses and bone loss,
being apparent from progressive bone resorption. Revision
arthroplasty is more costly and associated with a higher
complication rate than the primary total hip replacement
because patients requiring revision surgery are older than their
age at the primary surgery and have decreased physiologic
reserve. As a result, early diagnosis can spare many patients
increased costs and potential mortality.

Radiography is the first method used to confirm loosening
of the hip prosthesis. Conventional radiographs can be effective
in the diagnosis of mechanical loosening in case of both,
cemented and non-cemented femoral prosthesis and acetabular
components [17]. Lucencys at the cement-bone or at the metal-
cement interface or fracture of the cement mantle represent
radiographic appearances of loosening. Additional radiographic
features of loosening are: migration, fracture, change of
position or movement of the hip components [18]. Radiographs
remain, however, a 2-dimensional assessment of a 3-
dimensional disease process and studies have shown that they
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are not sensitive to the depiction of osteolysis [19]. Although
computed tomography (CT) more precisely quantifies
osteolysis as compared with radiographs, in detecting the
loosening of the prosthesis CT and magnetic resonance
imaging (MRI) are mostly useful in the evaluation of
periprosthetic tissues [20, 21].

Fluoro-deoxy-glucose positron emission tomography
(FDG-PET) is a potential useful modality in diagnosing
loosening in hip endoprostheses, but it would be more accurate
when investigated in combination with other diagnostic tools
[22]. Positron emission tomography based on 2-fluoro-2-
deoxy-D-glucose could be an option if researchers will be able
to find specific uptake pattern for septic and aseptic loosening.
In addition, FDG-PET is cost-intensive.

III. SENSORS FOR DETECTING HIP IMPLANT LOOSENING

Currently, signs and symptoms of loosening may not be
clinically apparent until late stages of failure due to the lack of
accurate and sensitive early diagnosis methods. All the imaging
techniques listed above detect advanced pathologic conditions.
First trials to apply sensors to detect loosening were based on
the measuring of the resonance frequency and dampening [23].
This method is called vibrometry and relies on the detection of
acoustic properties using in vivo sensors. In a resonance
frequency analysis the changing eigenfrequencies of the
implant-femur system due to loosening can be measured as
vibrations or structure-borne sound [24]. Upon analysis of
resonance frequencies involving accelerometers, Li et al.
suggest that a well fixed implant shows linear while a loosened
a non-linear acoustic behavior [23]. However, one problem of
using accelerometers is the low-signal-to-noise ratio. Rowlands
et al. have replaced the accelerometer with a blood flow
ultrasound probe for detecting vibrations of anchored and
loosened implants [25]. This led to increased amplitudes of the
output vibrations when compared to accelerometer signals. The
specificity and sensitivity of vibration analysis is estimated to
be only 20 % higher than with radiographs [26].

Orthopedicimplant loosening
Diagnostic methods

[ |
Implant integrated

Imaging techniques SCR<Ors

e Radiography Accelerometers

- Computed Oscillators

tomography

Magnetic resonance
imaging

— FDG-PET

Fig. 2. Methods for the characterization of the loosened status of orthopedic
implants with a special focus on total hip replacements.
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A novel method to detect implant loosening proposes the
application of mechanical magnetic sensors (oscillators) [27].
These sensors impinge on small membranes inside the hip
prosthesis component e.g. the femoral stem. The maximum
velocity of the oscillator after impingement depends on the
osseous anchorage of the implant. The oscillator is excited by a
coil placed outside the body. The velocity is detected by
another external coil. Close contact to the bone is indicated by
a lower back spring of the oscillator.

Currently researchers are striving to develop novel in vivo
sensors in order to improve diagnostic investigations of hip
implant loosening. Any electronics integrated into the hip
prostheses including sensors are subject to stringent clinical
requirements such as sterilization, stability and life time at least
as long as the total hip replacement. Miniaturized design,
biocompatibility, wireless powering and telemetry pave the
way towards the realization of intelligent implants.

IV. CONCLUSIONS

Hip replacement is the most common orthopedic surgery.
During the total hip replacement procedure, the degenerated or
fractured hip is treated by implanting an artificial joint
consisting of a stem cemented or impacted into the femur and
a cup placed into the cavity after reaming the acetabulum.
Despite more than forty years of clinical experience there are
still complications occurring which require the revision of the
artificial hip or its components. Most often the reason for the
implant failure is loosening of the stem or the cup. Revision
surgery is a highly demanding procedure and especially in
patients with poor general health, the complication rate is very
high. Currently most techniques used to identify the loosening
status are based on imaging methods such as radiography,
computed tomography, magnetic resonance imaging and
fluoro-deoxy-glucose positron emission tomography. Other
diagnostic methods for loosening include implant integrated
sensors such as accelerometers and mechanical magnetic
Sensors.

REFERENCES

D. Williams, "Revisiting the definition of biocompatibility." Medical
Device Technology vol. 14 pp. 10-3, 2003.

Transparency Market Research "Orthopedic Devices Market (Hip,
Knee, Spine, Shoulder, Elbow, Foot and Ankle, Craniomaxillofacial
and Other Extremities) - Global Industry Analysis, Size, Share,
Growth, Trends and Forecast, 2013 —2019.

AM. Keenan, A. Tennant, J. Fear, P. Emery, and PG. Conaghan
“Impact of multiple joint problems on daily living tasks in people in the
community over age fifty-five”, ,Arthritis Rheum, vol. 55 pp. 757764,
2006.

G. Spahn, R. Schiele, GO. Hofmann et al “The prevalence of
radiological ostoarthritis in relation to age, gender, birth-year cohort,
and ethnic origins. A meta-analysis.” Z Orthop Unfall, vol. 149, pp.
145-152 (in German) 2011.

U. Thiem, J. Schumacher, J. Zacher et al ‘Prevalence of
musculoskeletal complaints and self-reported joint osteoarthritis in the
population of Herne: a telephone survey”. Z Rheumatol, vol.67, pp.
432-439 (in German), 2008.

AD. Woolf, and B. Pfleger, “Burden of major musculoskeletal
conditions” Bull World Health Organ, vol. 81, pp.646, 2003.

978-1-4799-6962-3/14/$31.00 ©2014 IEEE

335

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

(22]

(23]

[24]

[25]

[26]

[27]

(28]

GM. Mody, and PM. Brooks, “Improving musculoskeletal health:
global issues”, Best Pract Res Clin Rheumatol, vol. 26, pp.37-249,
2012.

World Health Organisation (WHO) “The burden of musculoskeletal
conditions at the start of the new millennium”. Report of a WHO
Scientific Group Technical Report Series. Geneva, pp. 919, 2003.

AD. Woolf J. Erwin, and L. March “The need to address the burden of
musculoskeletal conditions”, Best Pract Res Clin Rheumatol, vol.26,
pp-183-224,2012.

S. Schneider, G. Schmitt, H. Mau et al ‘“Prevalence and correlates of
osteoarthritis in Germany”, Representative data from the First National
Health Survey. Orthopéde, vol. 34, pp. 782-790 (in German), 2005.

J. Fuchs, M. Rabenberg, and C. Scheidt-Nave “Prevalence of selected
musculoskeletal conditions in Germany”, Results of the German Health
Interview and Examination Survey for Adults (DEGS1)

Bundesgesundheitsbl, vol. 56, pp. 678-686, 2013.

S. Verhoeven ,,Standards
Nachtforum, 13.06.2013

350.000 kiinstliche Knie- oder Hiiftgelenke pro Jahr .: Arzteblatt; 2010.
http:// www.aerzteblatt.de/nachrichten/43264.

E.M. Schwarz, R. J. O’Keefe, and R. J. Looney ,,Bone implant
interface, osteolysis and potential therapies, J. Muskuloskelet Neuronal
Interact., vol. 4, pp. 390-392, 2004.

J.Charnley ,,The long term-term results of low-friction arthroplasty of
the hip performed as a primary intervention, J. Bone Joint Surg., vol.
54, pp. 61-66, 1972.

Y. Kadoya, A. Kobayashi, and H. Ohashi,”Wear and osteolysis in total
joint replacements”, Acta Orthopaedica Scandinavica Supplementum,
vol. 278, pp. 1-16, 1998.

W . Dihlmann, S. W. Dihlmann, and L. Hering, “ Alloarthroplasty of
the hip joint. Radiologic diagnosis of loosening and infection in
cemented total endoprostheses”, Radiologe, vol.31, pp. 496-505, 1991.

TT. Miller “Imaging of hip arthroplasty”, J. Radiol., vol.82, pp. 3802-
3812, 2012.

R.H. Zimlich, and T.K. Fehring, “Underestimation of pelvic osteolysis:
the value of the iliac oblique radiograph”, J Arthroplasty, vol. 15
pp.796-801, 2000.

J.G. Cahir, A.P. Toms, T.J. Marshall, J. Wimhurst,and J. Nolan “CT
and MRI of hip arthroplasty”, Clinical Radiology, vol. 62, pp. 1163-
1171, 2007.

H. John Cooper, A. S. Ranawat, H. G. Potter, L. F. Foo, S. T. Jawetz,
and C. S. Ranawat, “Magnetic Resonance Imaging in the Diagnosis and
Management of Hip Pain After Total Hip Arthroplasty” The Journal of
Arthroplasty, vol. 24 pp. 661-667, 2009.

S. Mayer-Wagner, W. Mayer, S. Maegerlein, R. Linke, V. Jansson, and
P. E. Miiller “Use of 18F-FDG-PET in the diagnosis of endoprosthetic
loosening of knee and hip implants” Arch Orthop Trauma Surg., vol.
130, pp. 1231-1238, 2010.

P. L.Li, N.B. Jones, and P. J. Gregg “Vibration analysis in the detection
of total hip prosthetic loosening”, Medical Engineering and Physics,
vol. 18, pp. 596-600, 1996.

G. Qi, W. P. Mouchon, and T. E. Tan,“How much can a vibrational
diagnostic tool reveal in total hip arthroplasty loosening?” Clinical
Biomechanics, vol.18, No.5, pp. 444-458, 2003.

Rowlands, F. A. Duck, and J. L. Cunningham, “Bone vibration
measurement using ultrasound: application to detection of hip
prosthesis loosening” Medical Engineering and Physics, vol.30, pp.
278-284, 2008.

A. P. Georgiou, and J. L. Cunningham “Accurate diagnosis of hip
prostehsis loosening using a vibrational techniques”, Clinical
Biomechanics, vol. 16, pp. 315-323, 2001.

C. Ruther ,,A novel sensor concept for optimization of loosening
Diagnostics in total hip replacement®, J. Biomech. Eng., vol. 133, pp.
104503-1-5, 2011.

www.orthopedic-implants.com

moderner Hiiftendoprothetik®, WAZ,

23-26 Oct 2014, Bucharest, Romania




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


