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I.  INTRODUCTION  
Organisms are composed by cells, and the cells can also 

reflect the physiology of creatures [1]. The composition of a 
single cell and its cytoskeletal structure can be reflected by the 
mechanical properties of the cell. The cellular mechanical 
properties are correlated to the biological functions of the cell 
and its physiological activities. Therefore, establishing the 
mathematical model for the mechanical properties of single cells 
could provide the foundation for analyzing and regulating the 
physiological state of cells. The mechanical properties of single 
cells are related to some diseases [2-4]. Recently, some 
nanotechnologies, such as the atomic force microscope (AFM), 
magnetic and optical tweezers [5], and micropipettes [6], offered 
approaches to measure the mechanical properties of single cells. 
Therefore, the mechanical information of single cells could be 

used as label-free biomarkers for the state evaluation of cells 
[7,8]. But a cell can be regarded as an extremely complex 
network, which include a large number of overlapping signaling 
pathways [9]. It is extremely difficult to depict the dynamical 
behavior by using a mathematical model [10].  

Hertz model is a kind of common description of the contact 
problem of two elastic bodies with curved surfaces which is used 
in classical contact mechanics [11]. But the Hertz model has 
certain disadvantages which need to be handled. For example, 
the Hertz model presumes that materials in contact are a sphere 
and a flat plate, which are linearly elastic and isotropic. That in 
general does not holds for cells. On the other hand, the Hertz 
model can reflect only the elasticity of the cell. J. R. Dutcher et 
al. calculated the viscoelastic properties of cell envelope from 
the creep deformation curves of the cell [12]. They used a three-
element standard solid model to describe the mechanical 
properties of the cells. A linear standard solid model was used 
by A. Yango et al. to determine the viscoelastic properties of soft 
materials [13]. They used the AFM to measure the creep 
response to a step signal in the stress-relaxation part of the 
experiment. We have previously demonstrated a generalized 
Maxwell model without a pre-assuming order for describing the 
mechanical viscoelastic properties, and the system order and 
parameters can be determined by using the system identification 
method from the input-output curves in the indentation process 
[14,15]. In this work, the order and coefficients of the 
generalized Maxwell model can be obtained by system 
identification approach. In this study, we determined the system 
order by the Hankel matrix method, and the coefficients can be 
calculated by least squares method. In our previous work [14,15], 
we used four different types of cells to verified the effectiveness 
of the mathematical model for the of cell stress-relaxation 
behaviors under a constant indentation depth. The four types of 
cells are MCF-7, HEK-293, L-929 and Neuro-2A cells. After 
analysis the experimental curves, we found that for all these four 
types of cells, the order of the mathematical model was 
calculated to be second, and for each system, five parameters 
could to be identified by the stress-relaxation curves. Then these 
five-parameter tuples can be used as biomarkers to classify 
different types of cells. However, in this model, the effect of the 
loading rate of AFM was neglected and all the stress-relaxation 
curves we measured were in a constant loading rate to avoid the 
error caused by different loading rates. In this study, we 



discussed the effect of the loading rate on the measurement of 
cellular viscoelasticity properties with AFM. We demonstrated 
that the cellular stress-relaxation process won’t be effected by 
the loading rate of AFM when the loading rate is higher than a 
threshold. The stress-relaxation curves with the loading rate 
which is higher than the threshold can be used to extract 
viscoelasticity parameters more accurately. 

II. MATERIALS AND METHODS 

A. Preparation of Cells and Materials 
In this study, the cell lines we used were acquired from the 

Institute Pasteur of Shanghai, Chinese Academy of Sciences 
(Shanghai). The three types of cells, MCF-7 cells, L-929 cells 
and HEK-293 cells, were cultured in Petri dishes and the 
concentration of each type of cells is about 1.3× 106/cm2. Before 
we did experiments, the cells were cultured for 24 hours at 37oC 
in culture medium. The experiments were conducted at 25oC. 
Without loss of generality, we performed the indentation 
experiments with different batches of cells. 

B. Indentation Process 
A Bioscope Catalyst atomic force microscope (Bruker, USA) 

and an inverted microscope (Nikon, Japan) were used in this 
study. The model of the AFM probe that we used in the 
experiment was MLCT (Bruker, USA). The nominal coefficient 
of elasticity of the cantilever is 0.01 N/m. Thermal tune was used 
to calculate the actual value of the cantilever’s coefficient, and 
the actual value of the cantilever’s coefficient is about 0.08 N/m.  

(a) 

 
(b) 

Fig. 1. Demonstration of a complete AFM indentation process. (a) Schematic 
diagram of the AFM tip contacting to the surface of a single cell. (b) Schematic 
diagram of the AFM tip pushing the cell and the cantilever deflecting 
correspondingly. 

The standard AFM in dentation experiments were used to 
obtain the stress-relaxation curves of cells. In general, the 
indentation experiments can be divided into three different 
phases, that is, approaching, stress-relaxation, and retraction 
respectively. As shown is Fig. 1, in the approaching phase, the 
position of piezoelectric actuator (PZT) dropped with a constant 
speed and the cantilever deflected due to the contact with the cell. 

In the stress-relaxation phase, the PZT position was unchanging, 
and the cell continued deforming due to the stress-relaxation. In 
the retraction phase, the PZT position rose and the cell recovered 
from the deformation. The stress-relaxation time is 6 seconds, 
which can keep the stress-relaxation curves tend to steady. The 
maximal range of cantilever movement is 1 m. In this 
indentation process, we used different loading rates to stimulate 
cells and measured the corresponding stress-relaxation curves. 
During both the first and last phase of the indentation process, 
the speed of PZT in the experiments of AFM indentation was 
kept constant. 

C. Establishing the Mathematical Model of the Cellular 
Viscoelastic Properties 
The state-space equations of the cellular system are as 

follows. A complete description of the modeling process can be 
found in [14,15]. 

           (1) 

where input of the system  and the output of the system  
represent the PZT movement in z-position and interactive force 
between the AFM and the surface of the cell, respectively. The 

 is the state variable of the linear system and represents the 
movement of the virtual point between the spring element and 
damper element in the ith pathway in the generalized Maxwell 
model. The corresponding elastic and viscous coefficients of the 
springs and dampers in the ith pathway are  and , 
respectively. It can be demonstrated by the dynamic model that 
the cellular viscoelasticity can be characterized by the  
coefficients  and .  

 The order and coefficients of the generalized Maxwell model 
can be obtained by system identification approach. In this study, 
we determined the system order by the Hankel matrix method, 
and the coefficients can be calculated by least squares method. 
In our previous work [14,15], we used four different types of 
cells to verified the effectiveness of the mathematical model for 
the of cell stress-relaxation behaviors under a constant 
indentation depth. The four types of cells are MCF-7, HEK-293, 
L-929 and Neuro-2A cells. After analysis the experimental 
curves, we found that for all these four types of cells, the order 
of the mathematical model was calculated to be second. This 
denotes that the mechanical properties of single cells could be 
modeled as a second-order linear system, and for each system, 
five parameters could to be identified by the stress-relaxation 
curves. 

Fig. 2. Schematic of generalized Maxwell model which is composed by springs 
and dampers. 

  



III. RESULTS AND DISSCUSSION 
Fig. 3 shows an entire indentation process, and in the stress-

relaxation part, the force curve decreases from the peak and tend 
to converge to a constant. Under the assumption of generalized 
Maxwell model, we used MATLAB Simulink to simulate the 
different viscoelastic behaviors of cells under different loading 
rates. As is shown in Fig. 4 (a), the configuration of the 
simulation is a second-order Maxwell model, and Fig. 4 (b) 
shows the results of simulation under different loading rates 

 
Fig. 3. A complete indentation process of a single cell, which was indented and 
measured by an AFM. The blue curve illustrates the different movement in the 
z-position of piezoelectric (PZT) during the three interaction phases. The red 
curve is the interaction force between the cell and the AFM tip which was 
measured by the AFM. The green curve was the cell deformation which was 
calculated by the mathematical model. 

 
(a) 

 
(b) 

Fig. 4. A simulation of MATLAB Simulink. (a) The configuration of Simulink; 
(b) The results of simulation under different loading rates. 

 It can be seen from Fig. 4 (b) that as the loading rate increases, 
the stress-relaxation curves tend to be more precipitous and 
converge to the step response curve. Also, as the loading rate 
increases, the differences between two curves are tend to zero, 
which means that the stress relaxation curves are almost the 
same if the loading rate is higher. In fact, the force curves we 
measured contained noise and as the AFM loading rate increases 
and greater than a threshold, the stress-relaxation curves are 
coincident. As is shown in Fig. 5, the stress-relaxation curves 
tended to be the same as the loading rate increased, and when 
the loading rate is bigger than 8 m/s, the stress-relaxation curves 
overlap with each other, which means we could extract 
viscoelastic parameters without the effect of the loading rate. In 
order to verify the response pattern of different cells, the stress-
relaxation curves of MCF-7 cells and HEK-293 cells were 
measured. The results showed that all these three types of cells 
have the same character that the stress-relaxation curves tend to 
be convergent as the loading rates increase, which means we can 
extract viscoelastic parameters without the effect of the loading 
rate. 

 
Fig. 5. The comparison of the stress-relaxation curves under different loading 
rates of a L-929 cell. The stress-relaxation curves tended to be the same as the 
loading rate increased. 

We extracted viscoelastic parameters from stress-relaxation 
curves of L-929 cells under different loading rates, that is 2 , 

, , , 10 , 12  and , as is 
shown in Table 1. Also, as the loading rates increased, the 
viscoelastic parameters tend to be convergent, because the effect 
of loading rate can be neglected when the AFM loading rate is 
high. Fig. 6 shows that the changes of viscoelastic parameters of 
L-929 cell under different loading rates. The first one is the 
change of the parameter , the middle one and the last one are 
the changes of time constant  and . It can be seen from Fig. 
6 that the trends of these three curves are firstly increasing, and 
then tend to be stable.  

TABLE I. VISCOELASTIC PARAMETERS OF L-929 CELLS UNDER 
DIFFERENT LOADING RATES 

(N/m) (N/m) (N·s/m) (N/m) (N·s/m) 

2 m/s 0.3316 0.1398 0.0434 0.1906 0.8086 

4 m/s 0.1659 0.2172 0.0430 0.3776 0.8322 



(N/m) (N/m) (N·s/m) (N/m) (N·s/m) 

6 m/s 0.3821 0.2792 0.0556 0.2629 0.4757 

8 m/s 0.3170 0.2991 0.0489 0.4045 0.8343 

10 m/s 0.4041 0.3215 0.0517 0.3176 0.5830 

12 m/s 0.3686 0.2795 0.0472 0.3694 0.7510 

14 m/s 0.3669 0.3995 0.0594 0.3285 0.5956 

 
Fig. 6. Line charts of the viscoelastic parameters of L-929 cell under different 
loading rates. The first one is the change of the parameter , the middle one 
and the last one are the changes of time constant  and . 

IV. CONCLUSION 
In this paper, the effect of the loading rate of AFM cantilever 

was considered in the model. In this study, we discussed the 
effect of the AFM loading rate of on the stress-relaxation curves, 
and we clearly illustrated that the cellular stress-relaxation 
curves won’t be effected by the loading rate of AFM when the 
loading rate is higher than a threshold. The stress-relaxation 
curves with the loading rate which is higher than the threshold 
can be used to extract viscoelasticity parameters more 
accurately. 

ACKNOWLEDGMENT 
This work was supported by the National Natural Science 

Foundation of China (Grant Nos. 61433017, 61673372, 
61327014 and 61522312) and the CAS/SAFEA International 
Partnership Program for Creative Research Teams. 

REFERENCES 
[1] Zong, C.; Lu, S.; Chapman, A.R.; Xie, X.S. Genome-wide detection of 

single-nucleotide and copy-number variations of a single human cell. 
Science 2012, 338, 1622–1626. 

[2] Plodinec, M.; Loparic, M.; Monnier, C.A.; Obermann, E.C.; Zanetti-
Dallenbach, R.; Oertle, P.; Hyotyla, J.T.; Aebi, U.; Bentires-Alj, M.; Lim, 
R.Y.; et al. The nanomechanical signature of breast cancer. Nat. 
Nanotechnol. 2012, 7, 757–765. 

[3] Yang, W.; Yu, H.; Li, G.; Wang, B.; Wang, Y.; Liu, L. Regulation of 
breast cancer cell behaviours by the physical microenvironment 
constructed via projection microstereolithography. Biomater. Sci. 2016, 4, 
863–870. 

[4] Yang, W.; Yu, H.; Li, G.; Wang, Y.; Liu, L. Facile modulation of cell 
adhesion to a poly (ethylene glycol) diacrylate film with incorporation of 
polystyrene nano-spheres. Biomed. Microdevices 2016, 18, 1–7. 

[5] Li, X.; Yang, H.; Wang, J.; Sun, D. Design of a robust unified controller 
for cell manipulation with a robot-aided optical tweezers system. 
Automatica 2015, 55, 279–286. 

[6] Guilak, F.; Tedrow, J.R.; Burgkart, R. Viscoelastic properties of the cell 
nucleus. Biochem. Biophys. Res. Commun. 2000, 269, 781–786. 

[7] Shimizu, Y.; Kihara, T.; Haghparast, S.M.; Yuba, S.; Miyake, J. Simple 
display system of mechanical properties of cells and their dispersion. 
PLoS ONE 2012, 7, e34305. 

[8] Lee, G.Y.; Lim, C.T. Biomechanics approaches to studying human 
diseases. Trends Biotechnol. 2007, 25, 111–118. 

[9] Shimizu, Y.; Kihara, T.; Haghparast, S.M.; Yuba, S.; Miyake, J. Simple 
display system of mechanical properties of cells and their dispersion. 
PLoS One 2012, 7, e34305. 

[10] Lee, G.Y.; Lim, C.T. Biomechanics approaches to studying human 
diseases. Trends Biotechnol 2007, 25, 111-118. 

[11] Yang, W.; Yu, H.; Li, G.; Wang, B.; Wang, Y.; Liu, L. Regulation of 
breast cancer cell behaviours by the physical microenvironment 
constructed via projection microstereolithography. Biomater. Sci. 2016, 4, 
863–870. 

[12] Vadillo-Rodríguez, V.; Dutcher, J.R. Viscoelasticity of the bacterial cell 
envelope. Soft Matter 2011, 7, 4101. 

[13] Yango, A.; Schape, J.; Rianna, C.; Doschke, H.; Radmacher, M. 
Measuring the viscoelastic creep of soft samples by step response afm. 
Soft Matter 2016, 12, 8297–8306. 

[14] Wang B, Wang W, Wang Y, et al. Modeling and analysis of mechanical 
properties of single cells. Nano/Molecular Medicine and Engineering 
(NANOMED), The 10th IEEE International Conference on. IEEE, 2016. 

[15] Wang, B.; Wang, W.; Wang, Y.; Liu, B.; Liu, L. Dynamical Modeling 
and Analysis of Viscoelastic Properties of Single Cells. Micromachines 
2017, 8, 171. 

 



<<
  /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


