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Abstract— The paper proposes a treadmill-based gait study
in three particular cases of walking velocity. This study was
designed to assess the feasibility of extended gait analysis on a
treadmill in relation to the treadmill velocity. The measure-
ments were realized using Zebris measuring system CMS-HS
and a commercially available Hammer Walkrunner Pro
Treadmill. One young volunteer (male, 24 years old) with mild
instability of left ankle was involved in the study. To evaluate
the spatiotemporal and kinematical parameters, the investi-
gated subject performed treadmill-based gait with three
velocities. The main spatiotemporal parameters which have
been analyzed are stride time, cadence, double support time,
and velocity. The gait symmetry was also analyzed based on
the symmetry of the swing and stance phases between the
lower limbs and pelvis obliquity. The studied kinematical
parameters were the flexion-extension angles of the hip and
knee joint, and dorsi- plantar flexion of the ankle joint. We
concluded that higher velocity leads to a lower variability of
the gait parameters, while accurate recordings and interpreta-
tions of the human gait are achieved when the subject is wak-
ing with lower velocity closer to his normal walking speed.

Keywords— motion analysis, treadmill-based gait, treadmill
velocity, spatiotemporal parameters, joint angles.

I. INTRODUCTION

Contemporary instrumented overground and treadmill-
based gait analysis represents one of the most advanced and
reliable method both in diagnosis and management of pa-
tient rehabilitation.

The use of a treadmill-based gait analysis is increasingly
more used due to its major benefits. The main advantage of
treadmill-based gait analysis consists in a smaller measure-
ment space, thus being possible to acquire multiple con-
secutive strides (gait cycles). Another important benefit of
treadmill-based gait consists in directly controlling of walk-
ing velocity, which has a significant influence on gait pa-
rameters. The treadmill provides a relatively uniform walk-
ing speed which can be continuously adjusted and
monitored. Walking on a treadmill is more safety for elderly
people and patients with certain disability because a harness
and/or handrails can be used [1].

One limitation of the treadmill consists in adapting of the
individual gait to the natural walking, which is more

difficult in older population and individuals with disability
[2]. Healthy subjects unfamiliar to walking on a treadmill
may also alter their normal gait pattern, until they become
accustomed to the treadmill inclination and speed.

Some authors have been theorized that there is no me-
chanical difference between the two modes while some
studies have documented statistically significant differences
regarding the gait parameters [3].

The influence of the speed on the treadmill-based gait
was studied by several authors. There were performed stud-
ies on the spatiotemporal parameters, kinematical and ki-
netic parameters of gait, both for healthy subjects and pa-
tients with certain disability, including the benefit of
treadmill gait for patient rehabilitation.

Some works were focused on spatiotemporal parameters of
gait and certain joint of healthy subjects [4] while other studies
reported the influence of systematic increases in treadmill
walking speed on gait kinematics after stroke [5], [6].

Study of the effect of speed on kinematic, kinetic, elec-
tromyographic and energetic reference values during tread-
mill walking was performed both to assess the feasibility of
extended gait analysis on a treadmill at a constant speed in
young healthy subjects and to provide speed-specific kine-
matic, kinetic, electromyographic and energetic reference
values [7].

Some studies reported no relationship between stride
time variability and treadmill speed, while other authors
reported either a linear or a non-linear relationship. Thus
some results highlighted that speed lower than preferred
self-selected speed of young healthy adults involves higher
stride time variability [8].

Variability of ground reaction forces during treadmill
walking has been also investigated and quantified in relation
to different constant speeds. Variability of horizontal-
anteroposterior force was minimized at the usual walking
speed whereas those of the other two components (vertical
and horizontal-mediolateral force) increased with incre-
ments in walking speed [9].

The purpose of the presented study was to assess
information on gait spatiotemporal and kinematical
parameters and perform a comparative analysis of treadmill-
based gait in relationship with the treadmill velocity. This
study is important to establish a valid foundation about the
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possibility of using a treadmill in clinical gait investigation
and rehabilitation in our laboratory.

II. MATERIALS AND METHODS

The measurements were realized in Motion analysis
Laboratory of Politehnica University of Timisoara using
Zebris measuring system CMS-HS and a commercially
available Hammer Walkrunner Pro Treadmill. One marker
triplet is attached on the thigh and second one on the upper
part of the foot. The anatomical landmarks are marked with
the pointer, and the system’s software creates the geometri-
cal model [10]. To evaluate the spatiotemporal and
kinematical gait parameters and evidence the influence of
the treadmil velocity, one young volunteer (male, 24 years
old) with mild instability of left ankle performed gait on the
treadmill at different velocities, having attached the ultra-
sound recording markers and without using the treadmill
handrails.

He gave informed consent before taking part in the
experiment. In order to adapt his walking to the
measurement conditions a trainning session of three minutes
for each selected velocity was firstly performed. After this
adequate practice the treadmill velocity was sequentially set
at 1, 3, and 5 km/h, corresponding to slow, average, and
hurried walk. All the measurements were performed with
the treadmill belt in horizontal position. There were per-
formed three trials for each selected velocity, each trial
having 60 seconds duration. The trial recording was started
after five seconds familiarization period when the treadmill
reached full velocity.

A special attention when using treadmill has to be fo-
cused on reflection avoidance of the ultrasounds, by the
various elements and handrails of the equipment. In order to
achieve this goal, the subject was asked to walk along the
longitudinal axis of the belt surface, without changing the
spatial position of the body during recording period. By
changing the spatial position on the belt, the variations of
the joint angles could lose the reference.

The sampling rate of the ultrasound system was selected
to 30 Hz and maintained for all gait velocities. Using this
frequency for the maximum waking velocity, the gait
phases are fully described by the recorded values. This is
proved by the presence of all gait complexes at maximum
velocity, in comparison to other velocities. At much higher
speeds, higher sampling rate should be used.

The data acquired by the measuring equipment are the
spatial positions of the markers for both limbs during the
trial duration. Using these values, the WinGait software
computes the characteristic parameters of the gait: swing
and stance phases, walking velocity, stride time, cadence,
time of double support, and joint angles in all planes.

The numerical results of the joint angle measurements
were exported for further processing from the system soft-
ware and have been computed the mean values, standard
deviations, and P values. The series with large differences
were eliminated for smoother results achievement. The
valid results were graphically represented in various combi-
nations and compared in order to express relevant behavior
of each spatiotemporal and kinematical parameter of the
gait.

III. RESULTS AND DISCUSSION

The main spatiotemporal parameters which have been
analyzed are: symmetry of the swing and stance phases
between the lower limbs, stride time, cadence, and double
support time. Because the investigated subject presents a
mild instability at the left ankle’s level, the results are pre-
sented in close relation to this issue. Thus, data regarding
the symmetry between lower limbs and also the variations
of the joint angles of the left limb, at different walking ve-
locity are graphically presented.

The phases of the gait cycles (table 1) indicate a slight
difference between the two limbs, which increases with the
enhancement of the moving velocity. The average value of
stride time was 1.77 seconds (1 km/h), 0.98 seconds (3
km/h), and 0.62 seconds (5 km/h), respectively.

Table 1 Swing and stance percentages for different speeds

. 1 km/h 3 km/h 5 km/h
Limb/ . ) )
Phase Swing Stance Swing Stance Swing Stance
[%] [%] [%] [%] [%] [%]
Left 36 64 37 63 40 60
Right 35 65 40 60 49 51
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The average values of cadence and double support time
are presented in relation to the walking velocities (figure 1).
From this charts an expected tendency can be outlined.
When the walking velocity is increased whether by the
subject or imposed by mean of the equipment, the cadence
of the movement grows, while the double support time
significantly decreases. For much higher velocities, the
double support time tends to zero.

Three dimensional motion data was obtained for hip,
knee and ankle motions. In order to analyze the joint angles
tendencies at different velocities, the average gait cycles
were computed for each lower limb. There were considered
the following joint angles: flexion-extension of the hip and
knee joint, dorsi-plantar flexion of the ankle joint, and
obliquity of the pelvis. Of these four parameters, the pelvis
obliquity is determined by the pelvic girdle while the other
three are joint characteristics, so they are represented for
each limb joint in relation to the walking velocity.
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Fig. 1 Cadence and double support time at different walking velocities

In the paper, the ankle is the only joint presented as a
comparison between left and right lower limbs, because the
other joint angles indicate no significant statistical differ-
ence between limbs. Differences between joint angles in
each considered motion during the performed trials were
compared between the two lower limbs by use of an un-
paired t-test. These values are presented in table 2. Thus, the
hip and knee joint angles under different treadmill velocity
are presented for the left lower limb only (figure 2).

To evidence the average variability, the standard devia-
tions are represented as vertical lines accompanying each
data point. The presence of high values of the standard
deviation is usually caused by the phase difference of the
movement. The maximum value of the mean standard de-
viation was 8.7, recorded for angles of the knee joint at
lowest movement velocity. The mean standard deviation
computed for the gait cycles presents lower values for
higher velocities of movement (4 and 3.3 for the knee joint
angles at 3 and 5 km/h velocities). Large standard devia-
tions occur when the walking velocity is changed during
one exercise. These movements also called non-
harmonically, have a higher incidence of occurring at lower
movement velocities. The differences of the wave lengths in
the graphs are generated by the imposed walking velocities,
lower wave lengths being recorded for higher velocities.

A similar behavior regarding the wave length-speed rela-
tion was recorded for dorsi-plantar flexion of the ankle joint
and pelvis obliquity (figure 3). Larger standard deviations
are recorded, due to the evasively movements and lower
amplitudes. The dorsi-plantar flexion angles of the ankle
joint are presented by comparison between left and right
lower limbs. The graphs are represented as average, time-
normalized stride for each considered velocity (figure 4).

Table 2 P values computed for hip and knee angle series

P value 1 km/h 3 km/h 5 km/h
Hip joints 0.225 0.254 0.424
Knee joints 0.422 0.165 0.457
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The graphs clearly express the differences between the
movement capabilities in the two ankle joints. The healthy
ankle exhibits normal amplitudes corresponding to the
movement velocity, while the unstable ankle tends to main-
tain almost a constant angle. This maladjustment of the left
ankle mobility can be associated with pain or physical re-
strictions of the range of motion. Again, higher walking
velocities lead to lower wave lengths.

IV. ConcLusioNs

This study offers some particular information regarding
the gait characteristics of a selected subject for three current
walking velocities imposed by treadmill equipment. The
particularities of the results are generated by the subject’s
mild instability in left ankle.

The influence of the treadmill velocity on the gait spatial-
temporal parameters should be always considered when
perform treadmill-based gait analysis. The normal (3km/h)
and higher waking velocities prove to lead in this case to a
lower variability of the gait parameters allowing identifying
all the gait complexes. Much higher velocity could modify
some complexes of the gait cycles leading to inexact inter-
pretations.

No significant differences were recorded between the hip
and knee angles of the left and right lower limbs. But, due
to the local instability of the left ankle, significant differ-
ences were recorded at this level between the left and right
joint angles.

The mild instability of the left ankle produces a reduced
effect in knee and hip joints, as we can conclude from the P
values (table2). In ankle joint, where we expected larger
instability of the left lower limb when the velocity is rising,
we observed no major changing. On the other hand, at
Skm/h waking velocity the gait complexes of the right limb
are better evidenced, exhibiting lower standard deviations.

The mean standard deviation computed for the gait cy-
cles presents lower values for higher velocities of move-
ment. This finding indicates repetitive movements during
the successive gait cycles at each velocity. Therefore, re-
cordings having lower standard deviations are better repre-
senting the characteristics of the gait. The mild instability of
the left ankle induces less repetitive results at 1km/h walk-
ing velocity, which are evidenced by larger standard devia-
tions.

In the future work, higher velocities will be involved in
the study, in order to identify which one offers a better
compromise between having low standard deviations and
keeping away from the running movement domain.

The treadmill could be a useful device in routine gait
analysis since it allows recording of a large number of
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successive strides in a limited space and over a wide range
of steady-state gait velocities. Still, more practice and ex-
perience on treadmill gait analysis should be involved in
future studies. It will be the task of further studies to deter-
mine the optimum treadmill velocity according to the study
objective and the subject particularities (healthy or with
certain pathology, young or elderly people, freely motion or
based on harness/handrails aids).

Further research will be performed with a representative
lot of subjects, both healthy and having certain disorder to
confirm the present results, collect reference data and vali-
date the method across pathologies.

REFERENCES

1. Kirtley C (2006) Clinical Gait Analysis, Theory and Practice, Chur-
chill Livingstone Elsevier.

2. Edginton K A, Giiler H C, Ober J J et al. Instrumented Treadmills:
Reducing the Need for Gait Labs, Bertec Corporation, Columbus,
Ohio, USA at http://bertec.com/uploads/pdfs/papers

3. Jung T, Gilgannon M, Munjal R et al. Treadmill-based Gait Analysis
for Children with Cerebral Palsy: Biomechanical Comparison of
Treadmill and Overground Walking, Kluge Children’s Rehabilitation
Center at University of Virginia at
http://gait.aidi.udel.edu/gaitlab/gcma/info/abstracts/O1.abs20151 .pdf

4. Li G, Kozanek M, Hosseini A et al. New fluoroscopic imaging tech-
nique for investigation of 6DOF knee kinematics during treadmill gait
(2009) Journal of Orthopaedic Surgery and Research, 4:6
DOI10.1186/1749-799X-4-6

5. Tyrell C M, Roos M A, Rudolph K S, Reisman D S (2011) Influence
of systematic increases in treadmill walking speed on gait kinematics
after stroke, Phys Ther 91(3):392-403

6. Bayat R, Barbeau H, Lamontagne A (2005) Speed and Temporal-
Distance Adaptations during Treadmill and Overground Walking Fol-
lowing Stroke Neurorehabil Neural Repair vol. 19 no. 2 115-124 DOI
10.1177/1545968305275286

7. Stoquart G, Detrembleur C, Lejeune T (2008) Effect of speed on ki-
nematic, kinetic, electromyographic and energetic reference values
during treadmill walking, Neurophysiologie Clinique/Clinical Neuro-
physiology, 38(2): 105-116 DOI:10.1016/j.neucli.2008.02.002

8. Beauchet O, Annweiler C, Lecordroch Y et al. (2009) Walking speed-
related changes in stride time variability: effects of decreased speed,
Journal ~of  NeuroEngineering and  Rehabilitation,  6:32
DOI10.1186/1743-0003-6-32

9. Masani K, Kouzaki M, Fukunaga T (2002) Variability of ground reac-
tion forces during treadmill walking, J Appl Physiol 92: 1885-1890
DOI10.1152/japplphysiol.00969.2000

10. Stoia D I, Toth-Tascau M (2011) Comparison of treadmill-based and
overground gait analysis, International Conference on Advancements
of Medicine and Health Care through Technology MediTech 2011,
Cluj-Napoca, submitted

Author: Mirela Toth-Tascau

Institute: “Politehnica” University of Timisoara
Street:  Bd. Mihai Viteazu, No.1

City: Timisoara

Country: Romania

Email: mirela@cmpicsu.upt.ro




	Influence of Treadmill Velocity on Gait Characteristics – Case Study of a Patient with Ankle Instability
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	CONCLUSIONS
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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 <>
    /POL <>
    /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.)
    /DEU <>
  >>
  /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 [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




