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The effect of measurement position
on brachial–ankle pulse wave velocity
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Arterial stiffness measurements are primarily used for the early detection of arteriosclerosis. Methods and devices that can easily
measure arterial stiffness at home are in demand. We propose a simple method for measuring brachial–ankle pulse wave velocity
(baPWV) at home using a reclining chair and investigate the effects of positioning on baPWV measurement. We measured baPWV in
50 healthy men (21–70 years) in seven different measurement positions, including the supine position, sitting, sitting with the knees
flexed at 45°, sitting with the knees flexed at 0°, reclining at 37°, reclining at 50°, and standing. BaPWV was significantly lower in the
supine position (P < 0.01) than in the other positions. It was significantly higher in the sitting position (P < 0.01) than in the reclining
position (37°). No changes in baPWV were seen changing the knee flexion angle alone while sitting. Strong correlations were also ob-
served between baPWV in the supine position and that in other positions. We showed that baPWV in the supine position can be calcu-
lated by making corrections to baPWV measured in the sitting position at a reclining angle. Utilizing this corrected value would allow
easy measurement at home using a reclining chair.
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1. Introduction

Decreased arterial flexibility is a risk factor for
arteriosclerosis [1] and arterial stiffness is often
measured in clinical settings. Several quantitative
indices for arterial stiffness exist, but pulse wave
velocity (PWV) is the most frequently applied clini-
cally and is considered highly reliable [2], [8]. PWV
is the speed at which pulse waves are transmitted
within the blood vessels [5]. Pulse waves are meas-
ured at two points within the vessels, at the proximal
and distal portions. PWV is calculated as PWV =
Δd/ΔT, where ΔT is the difference between the arri-
val times of pulse waves and Δd is the distance be-
tween the two points. PWV is known to increase
when Young’s modulus and thickness of the vascular
wall increase. It is common for the carotid and femo-

ral arteries to be used as the two intravascular points
(carotid–femoral PWV: cfPWV); however, in recent
years, brachial–ankle PWV (baPWV), using the bra-
chial and ankle arteries, has been employed as an
easier method of measuring PWV ([6], [11], [13]).
An excellent correlation is known to exist between
cfPWV and baPWV [12].

Arterial stiffness measurements are employed for
the early detection of conditions such as arterioscle-
rosis, in a similar manner toperipheral blood pressure
measurements. Therefore, methods and devices that
can easily measure arterial stiffness at home are in
demand. Usually, baPWV is measured in the supine
position, thus requiring more space for measurement
and an assistant to fit the cuff. If baPWV could be
measured in a sitting position, we anticipate that
multiple applications could be possible, as has been
the case with peripheral blood pressure meters.
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To date, few studies have investigated the effect of
measurement position on PWV. Hasegawa et al. [3]
measured cuff pressure of the upper arm and ankle
when Korotkoff sounds occurred in three positions
(head down 30° with the legs up, the supine position,
and standing) and compared PWV between these po-
sitions. However, the effect of sitting has not been
investigated. Nürnberger et al. [7] compared PWV
and augmentation indices (AI) estimated from upper
arm cuff pressure waveforms in the sitting and supine
positions. However, they did not investigate baPWV
and only conducted measurements in a normal sitting
position (a detailed description is not given, but we
assume that the knees and hips were both flexed 90°).
We believe that more relaxed measurements could be
taken using a reclining chair when testing baPWV
alone at home.

We propose a method of easily measuring baPWV
at home using a reclining chair. In addition, we inves-
tigated how measurement position affected baPWV.
Apart from the supine position, measurements were
compared between sitting, sitting with the knees
flexed at 45°, sitting with the knees flexed at 0°, re-
clining 37°, reclining 50°, and standing positions.

2. Methods

2.1. Subjects

Fifty Japanese men aged 21–70 years (mean age
was 22 years) participated as subjects in this experi-
ment. Table 1 shows the number and physical char-
acteristics of the subjects in each age group. Using an

electronic sphygmomanometer, we measured the sys-
tolic and diastolic blood pressure values of the sub-
jects while sitting. Prior to the experiments, the sub-
jects were fully informed regarding the purpose and
experiments of this study, and they gave their written
consent to participate. The Ethical Review Committee
on Research Involving Human Subjects of Utsuno-
miya University approved this study.

2.2. Measurement device
and baPWV

We created our own baPWV measurement device.
A cuff for adults and a cuff for children were each
used at the right upper arm and the right ankle. Each
cuff was inflated with an air pump (DP140; MEDO
Industries Co., Ltd., Tokyo, Japan), and the cuff pres-
sure was measured with a pressure sensor (FP101;
Yokogawa Electric Corporation, Tokyo, Japan; meas-
urement range: 0–20 kPa). The solenoid valve located
between the cuff and pump was closed to maintain a
constant cuff pressure once the cuff pressure reached
50 mmHg. After the pulse waveform measurement
period had elapsed, the solenoid valve for deflation
was opened, and the cuff pressure was released. The
output voltage of the pressure sensor was recorded on
a computer at a sampling frequency of 1,000 Hz using
a compact recorder (EDS-400A;Kyowa Electronic
Instruments Co., Ltd., Tokyo, Japan).

After canceling noise with 10 Hz low-pass and
0.1 Hz high-pass digital filters, the obtained output
voltage was converted to pulse waveforms. The dif-
ference between the minimum times of both wave-
forms in one heartbeat was measured from the upper

Table 1. Physical characteristic of the subjects

Age
group n Age,

years

Body
weight,

kg

Height,
cm

Body
fat, %

SBP,
mm Hg

DBP,
mm Hg

20 16 23.3
(1.4)

61.9
(8.3)

170.9
(5.8)

17.6
(3.2)

124.1
(9.6)

74.4
(10.9)

30 10 34.8
(2.9)

70.4
(11.0)

171.6
(7.2)

22.4
(4.2)

137.8
(9.6)

88.8
(10.8)

40 10 43.0
(2.7)

68.0
(5.2)

170.4
(6.0)

23.3
(3.4)

132.8
(13.8)

84.3
(10.3)

Over 50 14 58.7
(6.5)

65.0
(8.3)

169.1
(5.2)

25.2
(3.2)

138.5
(15.1)

89.0
(10.3)

Total 50 39.4
(14.6)

68.0
(9.9)

170.4
(5.9)

21.9
(4.5)

132.6
(13.4)

83.4
(12.1)

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pres-
sure. Values are expressed as mean (SD).
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arm and ankle pulse waveforms and the pulse wave
propagation time difference was calculated by aver-
aging the time difference for 10 heartbeats. With ref-
erence to the literature [16], on the basis of the height
of the subjects,we calculated the difference in distance
from the aortic valve opening to the upper arm and
ankle and calculated PWV using this value divided by
the pulse wave propagation time difference.

2.3. Measurement position

There were seven different measurement positions.
The supine position, which is the usual baPWV meas-
urement position, was set as a reference. Sitting in
a reclining chair was considered the sitting position
(Fig. 1). While sitting, the subjects looked ahead in
the horizontal direction with their back in contact with
the back of the reclining chair. In this position, the
subject’s hips were flexed 65°, their knees flexed 90°,
and their upper body was tilted backwards 25° from
the vertical plane. While sitting, the subjects moved
just their knees to the 45° and 0° (extended position)
flexion positions. When the reclining angle of the
reclining chair was set at the maximum range of mo-
tion, the upper body was tilted 50° backwards from
the vertical plane (reclining 50°). In this position, the
hips were flexed 50° and the knees 40°. In addition,
when the reclining angle was set at half the range of
motion, the upper body was tilted 37° backwards from
the vertical plane (reclining 37°). In this position, the
hips were flexed 65° and the knees 70°. The subjects
rested in the reclining chair with the upper arms par-
allel to the upper body, the forearms placed on the

Fig. 1. Sitting position using a reclining chair

elbow rests, and the elbows flexed to 90°. Further-
more, their feet only came into contact with the floor
in the sitting position. We included standing as a po-
sition to compare our results with those of Hasegawa
et al. [3].

2.4. Measurement conditions [15]

All experiments were conducted after 3 pm, 2–3 h
after a meal. The subjects were asked to refrain from
smoking or vigorous exercise prior to experiments.
The temperature within the laboratory was set to
20°C–28°C and they were asked to enter the labora-
tory at least 10 min before beginning the experiments.
After explaining the content of the experiments to the
subjects and obtaining their written consent, they were
asked to rest for at least 5 min in a sitting position
before baPWV measurements. They were also asked
to rest for 5 min or more in a sitting position between
each measurement position. After 5 min of rest fol-
lowing completion of all experiments, they responded
to a questionnaire regarding personal information and
underwent physical measurements. They were also
instructed to avoid talking or sleeping during meas-
urements.

3. Results

3.1. Typical cuff pressure waveforms

Figure 2 shows typical upper arm and ankle cuff
pressure waveforms in the supine, sitting, and stand-
ing positions. The minimum value per heartbeat of
cuff pressure waveforms in both sites in the supine
position can be clearly identified in Fig. 2(a).With
regard to the upper arm cuff pressure waveforms in
the sitting and standing positions, Fig. 2(b) and 2(c)
show that the amplitude is decreased by approxi-
mately 40% compared with those in the supine posi-
tion. In addition, we can clearly identify the minimum
values per heartbeat, as with the supine position.
However, the amplitude decreased by approximately
70% in the ankle cuff pressure waveform. These re-
sults suggest that ankle cuff pressure is affected by
measurement position to a greater extent than upper
arm cuff pressure. Although it was somewhat difficult
to identify the minimum value from the ankle cuff
pressure waveform, we determined this using the
minimum value of the upper arm cuff pressure wave-
form as an indicator.
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Fig. 2. Typical data of the pressure pulse waveforms in the cuffs
at the brachial and ankle (22 years old male, SBP: 128 mm Hg,

DBP: 67 mm Hg) in (a) spine position, (b) sitting position,
and (c) standing position

3.2. The effect
of measurement position on baPWV

Figure 3 shows the effect of measurement posi-
tion on baPWV in all 50 subjects. BaPWV measured
in the supine position was significantly lower than
that measured in the other positions. Moreover,
baPWV measured in the 37° reclining position was
significantly lower (P < 0.01) than that measured in
other positions, except those in the supine and 50°
reclining positions. Lastly, baPWV measured in
the 50° reclining position was significantly lower
(P < 0.01) than that measured in the standing posi-

tion. We found that baPWV increased when the
measurement position changed from the supine posi-
tion to the sitting and standing positions. However,
no change in baPWV was seen by changing the knee
flexion angle alone in the sitting position, and al-
though baPWV decreased by changing the measure-
ment position from the sitting position to the 37°
reclining position, baPWV did not decrease further
by increasing the reclining angle.

Fig. 3. Effect of measurement position on baPWV.
**P < 0.01, vs. Spine position; ††P < 0.01,

vs. Reclining 37°; ‡‡P < 0.01, vs. Reclining 50°

3.3. Correlation with baPWV
in the supine position

Figure 4 shows the correlation between baPWVin
the sitting with the knees flexed at 0° and supine posi-
tions for all the subjects. Both are expressed with
a linear correlation in the figure with a Pearson prod-
uct-moment correlation coefficient of r = 0.81 (P <
0.001, SPSS ver.17.0). Thus, both can be said to have
a positive correlation. Table 2 shows the correlation
equations and coefficients of baPWV between the
supine position and the other positions. All correla-
tions showed P values of <0.001, revealing a good
linear correlation.

Fig. 4. Correlation between baPWV in sitting position with the
knees flexed at 0° and that in spine position
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Table 2. Correlation equations and coefficients of baPWV
between the supine position and the other positions

x y y = ax + b r
Standing Spine y = 0.44x + 443 0.72
Sitting Spine y = 0.46x + 456 0.54

Knee 45° Spine y = 0.55x + 310 0.65
Reclining 37° Spine y = 0.67x + 258 0.67
Reclining 50° Spine y = 0.56x + 376 0.79

4. Discussion

We measured baPWV in the supine position and
compared it with six other measurement positions
(standing, sitting, knees flexed 45°, knees extended,
reclining 37°, and reclining 50°) in 50 subjects of
different ages. We used the results to investigate the
effect of measurement position on baPWV and to find
correlations between the values measured in the su-
pine position and in the other positions. We found that
baPWV measured in the supine position was signifi-
cantly lower (P < 0.01) than that measured in the
other positions. Nonetheless, we also noted a good
correlation between the supine position and the other
measurement position for all the subjects.

Few studies to date have investigated the effect of
measurement position on PWV. Hasegawa et al. [3]
measured upper arm and ankle cuff pressure with the
head down 30° (and legs up), in the supine position,
and in the standing position in subjects aged 15–75
years and compared items such as PWV. They found
that PWV increased from 10.9 to 17.6 m/s, when the
measurement position changed from the supine to the
standing position. In the present study, the same trend
was seen, with the baPWV increasing from 11.3 to
15.8 m/s. Hasegawa et al. measured blood pressure in
the upper arm and ankle in each position and found no
significant differences between the values at the two
sites in the supine position; however, blood pressure
increased significantly by about 70 mm Hg in the
ankle compared with that in the upper arm in the
standing position. According to Hasegawa et al. [3],
standing causes the arteries of the lower extremities to
expand because of the increase in ankle blood pres-
sure and compliance. This, in turn, is associated with
the decrease in elastic modulus of the arteries, which
results in increased PWV in arteries with stiff walls.

Nürnberger et al. [7] compared PWV and AI esti-
mated from upper arm cuff pressure waveforms in the
sitting and supine positions in healthy individuals and
patients with cardiovascular disease. Although they

did not observe a significant difference in PWV and
AI as a result of measurement posture, an increasing
trend was observed. They also observed a significant
correlation between the sitting and supine positions.
Jaccoud et al. [4] estimated central pressure wave-
forms from radial artery pulse pressure measurements
in the sitting and supine positions in pregnant women
in their third trimester and women who were not
pregnant. They compared AIs obtained from these
central pressure waveforms and the time until the start
of the reflected wave. Their results showed that sys-
tolic AI (sAI@75) that had undergone heart rate cor-
rection increased significantly and the time until the
start of the reflected wave (sT1r, dT1r) decreased
significantly in the sitting position compared with that
in the supine position. Sitting is known to increase
systolic blood pressure and heart rate, thereby causing
a reduction in cardiac output. The increase in systolic
blood pressure causes blood vessel dilation and is
assumed to accelerate PWV and reflected waves. The
increase in heart rate and the speed of reflected waves
act to increase AI and cardiac output acts to decrease
AI. Similar results were observed in a study by Ree-
sink et al. [9]. In the present study, pulse waveforms
of the upper arm were not particularly affected by
measurement position, as shown in Fig. 2. In contrast,
ankle pulse waves greatly varied according to the
measurement position. This suggests that elevated
systolic blood pressure brought about by sitting causes
PWV throughout the entire body to increase; however,
the cause of increased baPWV is thought to be in-
creased ankle PWV associated with increased hydro-
static pressure in the arteries of the lower extremities.

It is known that baPWV may not be a good indi-
cator of vessel stiffness in patients with hypertension
[17]. The reason for this is that increased vascular
stiffness caused by elevated blood pressure expanding
the arteries results in increased baPWV. Moreover, it
has been pointed out that wall stiffness of the central
aorta, which most strongly reflects arteriosclerosis, is
not taken into consideration. To overcome these dis-
advantages, the cardio-ankle vascular index (CAVI)
was developed [10]. However, CAVI requires heart
sounds to be recorded; therefore, it not a simple
method that would be useful for taking measurements
at home, which was the objective of the present study.
Because baPWV uncorrected for blood pressure has
been shown to be useful for predicting the risk of arte-
riosclerosis [14], we believe that baPWV measure-
ments alone are sufficient. However, the effects of
measurement position on CAVI are of great interest.

The findings of this study revealed good correla-
tion between baPWV in the supine and sitting posi-
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tions. Furthermore, our results showed that the re-
clining angle of the upper body while sitting affected
baPWV measurement. By making corrections for the
reclining angle, baPWV can be calculated in the su-
pine position when performing easy measurements at
home using a reclining chair.

Acknowledgement

This work was supported by Adaptable and Seamless Tech-
nology transfer Program through target driven R & D (A-STEP,
AS242Z00975P) from Japan Science and Technology Agency (JST).

References

[1] DUPREZ D.A., COHN J.N., Arterial stiffness as a risk factor for
coronary atherosclerosis, Curr. Atheroscler. Rep, 2007, 9(2),
139–144.

[2] HAMILTON P.K., LOCKHART C.J., QUINN C.E., MCVEIGH G.E.,
Arterial stiffness: clinical relevance, measurement and treat-
ment, Clin. Sci. (Lond), 2007, 113(4), 157–170.

[3] HASEGAWA M., RODBARD S., Effect of posture on the arterial
pressures, timing of the arterial sounds and pulse wave ve-
locities in the extremities, Cardiology, 1979, 64(2), 122–132.

[4] JACCOUD L., ROTARU C., HEIM A., LIAUDET L., WAEBER B.,
HOHLFELD P., FEIHL F., Major impact of body position on ar-
terial stiffness indices derived from radial applanation to-
nometry in pregnant and nonpregnant women, J. Hypertens.,
2012, 30(6), 1161–1168.

[5] MCVEIGH G.E., HAMILTON P.K., MORGAN D.R., Evaluation of
mechanical arterial properties: clinical, experimental and
therapeutic aspects, Clin. Sci. (Lond), 2002, 102(1), 51–67.

[6] MUNAKATA M., ITO N., NUNOKAWA T., YOSHINAGA K., Utility
of automated brachial ankle pulse wave velocity measure-
ments in hypertensive patients, Am. J. Hypertens., 2003,
16(8), 653–657.

[7] NÜRNBERGER J., MICHALSKI R., TÜRK T.R., OPAZO SAEZ A.,
WITZKE O., KRIBBEN A., Can arterial stiffness parameters be
measured in the sitting position?, Hypertens Res., 2011, 34(2),
202–208.

[8] OLIVER J.J., WEBB D.J., Noninvasive assessment of arterial
stiffness and risk of atherosclerotic events, Arterioscler.
Thromb. Vasc. Biol., 2003, 23(4), 554–566.

[9] REESINK K.D., HERMELING E., HOEBERIGS M.C., RENEMAN R.S.,
HOEKS A.P., Carotid artery pulse wave time characteris-
tics to quantify ventriculoarterial responses to orthostatic
challenge, J. Appl. Physiol., (1985), 2007, 102(6), 2128–
2134.

[10] SHIRAI K., UTINO J., OTSUKA K., TAKATA M., A novel blood
pressure-independent arterial wall stiffness parameter; car-
dio-ankle vascular index (CAVI), J. Atheroscler. Thromb.,
2006, 13(2), 101–107.

[11] SUGAWARA J., HAYASHI K., YOKOI T., CORTEZ-COOPER M.Y.,
DEVAN A.E., ANTON M.A., TANAKA H., Brachial–ankle
pulse wave velocity: an index of central arterial stiffness?,
J. Hum. Hypertens., 2005, 19(5), 401–406.

[12] TANAKA H., MUNAKATA M., KAWANO Y., OHISHI M., SHOJI T.,
SUGAWARA J., TOMIYAMA H., YAMASHINA A., YASUDA H.,
SAWAYAMA T., OZAWA T., Comparison between carotid-
femoral and brachial-ankle pulse wave velocity as meas-
ures of arterial stiffness, J. Hypertens., 2009, 27(10), 2022–
2027.

[13] TOMIYAMA H., YAMASHINA A., ARAI T., HIROSE K., KOJI Y.,
CHIKAMORI T., HORI S., YAMAMOTO Y., DOBA N., HINOHARA S.,
Influences of age and gender on results of noninvasive
brachial-ankle pulse wave velocity measurement--a sur-
vey of 12517 subjects, Atherosclerosis, 2003, 166(2),
303–309.

[14] TOMIYAMA H., KOJI Y., YAMBE M., SHIINA K., MOTOBE K.,
YAMADA J., SHIDO N., TANAKA N., CHIKAMORI T.,
YAMASHINA A., Brachial – ankle pulse wave velocity is a simple
and independent predictor of prognosis in patients with acute
coronary syndrome, Circ. J., 2005, 69(7), 815–822.

[15] VAN BORTEL L.M., DUPREZ D., STARMANS-KOOL M.J.,
SAFAR M.E., GIANNATTASIO C., COCKCROFT J., KAISER D.R.,
THUILLEZ C., Clinical applications of arterial stiffness, Task
Force III: recommendations for user procedures, Am. J. Hy-
pertens., 2002, 15(5), 445–452.

[16] YAMASHINA A., TOMIYAMA H., TAKEDA K., TSUDA H., ARAI
T., HIROSE K., KOJI Y., HORI S., YAMAMOTO Y., Validity, re-
producibility, and clinical significance of noninvasive bra-
chial-ankle pulse wave velocity measurement, Hypertens.
Res., 2002, 25(3), 359–364.

[17] YAMBE T., YOSHIZAWA M., SAIJO Y., YAMAGUCHI T.,
SHIBATA M., KONNO S., NITTA S., KUWAYAMA T., Brachio
– ankle pulse wave velocity and cardio-ankle vascular in-
dex (CAVI), Biomed. Pharmacother., (Suppl. 1), 2004, 58,
S95–S98.



<<
  /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 /CMYK
  /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 0.15
    /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 ()
  /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 <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


