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| Abstract |

PURPOSE: This study compared two different techniques
of treadmill gait training, and evaluated the outcomes on gait
and respiratory function in patients with hemiplegic stroke.
METHODS: This was a single-blinded, randomized,
controlled, comparative study, enrolling a total of 21 stroke
patients in a rehabilitation hospital. Subjects were randomly
assigned to either the treadmill walking training group with
gradual speed increase (GSI group, n = 10), or treadmill
walking training group with random speed changing (RSC
group, n = 11). All participants performed 60 min of
comprehensive rehabilitation therapy (5 % / week for 6
weeks). In additional, each group received either GSI or RSC
treadmill walking training for 20 min (5 x / week for 6 weeks,
total 30 sessions). Gait and respiratory function were
measured before and after the 6-week training.

RESULTS: Both groups showed significant improvements
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in the 10-m walking test, 6-minute walking test, timed up and
go test, forced vital capacity (FVC), forced expiratory volume
in 1 second, and maximal voluntary ventilation after training
(p < .05). The GSI group showed a significantly greater
increase in the FVC than the RSC group (+14.8 L vs. +12.5
L, p<.05).

CONCLUSION: Both training methods can be effective
for improving the walking and respiratory functions of stroke
patients. However, our results indicate that treadmill walking
training with gradual speed increase might be a more effective
method for improving the respiratory function (FVC) than

treadmill walking training with random speed changing.
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I. Introduction

Ischemic or hemorrhagic cerebrovascular disease damages
the brain tissue, affecting not only motor functions, but
also sensory functions and psychological disorders, thereby
making it difficult to perform daily activities [1]. Stroke
patients require special attention due to impaired walking
function, which is a necessity for maintaining an
independent life [2]. Gait impairment in stroke patients
results in decreased gait stability and gait speed [3]. In

addition, motor and sensory paralysis due to stroke weakens
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the muscular strength of the diaphragm, intercostal muscles,
and abdominal muscles of stroke patients. This limits the
breathing function of stroke patients, which in turn reduces
gait endurance [4].

Treadmill gait training is excellent in improving gait
function due to the application of appropriate timing to
the gait cycle of both lower extremities, and the possibility
of increasing the hip joint extension and adjusting gait
intensity when walking [5-7]. In addition, since it is
effective in reducing energy consumption and cardiovascular
burden, and increasing maximum oxygen intake, it is widely
used as an effective intervention method for improving
walking endurance [8,9].

Previous reports indicate that improving walking speed
in the gait training program has an excellent effect on
improving muscle strength, endurance, coordination, and
postural control [10,11]. Treadmill gait training is therefore
being actively implemented as an intervention method to
increase gait speed during gait training for stroke patients.
By applying speed change during treadmill gait training
for stroke patients, Lee and Oh [12] compared the effects
of treadmill gait training at a comfortable speed and at
a high speed. Lee [13] also compared the effects of treadmill
walking training with progressively increasing speed, and
continuous treadmill walking training without changing the
speed. To date, studies on treadmill speed change have
mainly focused on continuous speed and gradual increase
in speed. In particular, it is reported that compared to
variable speed, treadmill gait training at a constant speed
decreases the degree of exercise concentration or interest
in the process of learning gait movements [14].

This study was therefore undertaken to examine and
propose a more effective treadmill speed control training
protocol for improving the function of stroke patients, by
comparing the effects of treadmill walking training with
gradually increasing speed, and treadmill walking training
with random changing of speed. We hypothesized that
treadmill gait training with a gradual speed change would

be more effective in improving gait and respiratory
function, as compared to treadmill gait training with

randomly changing speed.

I, Methods

1, Participants

The participant of this study were patients diagnosed
with hemiplegic stroke and receiving inpatient treatment
at the Bonifacio Rehabilitation Hospital in Daejeon
Metropolitan City. The inclusion criteria for the participants
were: stroke of more than 6 months, score greater than
24 on the Korean Mini-Mental Status Examination
(MMSE-K), and could walk for more than 20 minutes on
a treadmill speed of 0.8 km/h or more [15]. Exclusion
criteria included history of fractures on the paralyzed or
non-paralytic lower extremity, and history of heart and lung
surgery within the last 3 months [9]. Totally, 86 patients
with stroke were initially considered, and represented 70%
of all patients with stroke admitted to our inpatient
rehabilitation center; 65 patients were unable to participate
in the study as they did not fulfill the inclusion criteria
or met exclusion criteria. Finally, 21 patients who met the
criteria for selection and exclusion in this study were
enrolled. The 21 participants were assigned to either a
gradual speed increase treadmill walking training group
(GSI group, n = 10, mean age = 59.20 years) or a
randomized controlled speed treadmill walking training
group (RSC group, n = 11, mean age = 61.27 years);
grouping was decided after lots were drawn by a 7-year
experienced clinical therapist, who had no information
about the study. All subjects were fully explained the
purpose and method of this study, and voluntarily agreed
to participate in the experiment. The study was performed
in accordance with the Declaration of Helsinki (1975). This
study was conducted after receiving approval of the
Research Ethics Review Committee at Daejeon University
(IRB: 1040647-201312-HR-052-03).
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2. Intervention

A treadmill (TRAK K-200T, Lift gear, Seoul, Korea)
with easy speed control was used for gait training, with
gradual speed increase or random speed change. All
subjects underwent comprehensive rehabilitation which
included joint range of motion exercise, muscle strength
exercise, balance training, and gait training, 60 minutes,
5 times a week, for 6 weeks. In addition, gradual speed
increasing treadmill walking training or random speed
changing treadmill walking training was imparted for 20
minutes, 5 times a week, for a total of 6 weeks. The
treadmill walking training was supervised by a physical
therapist having 7 years clinical experience, who was
blinded to the study.

1) Gradual speed increasing treadmill gait training

To apply the gradual speed increasing treadmill gait
training, a heart rate monitor (PM-45, Beurer, Germany)
was used to measure the resting heart rate and the maximum
heart rate (220 - age) [16]. Karvonen's formula [target heart
rate = exercise intensity (%) X [(maximum heart rate -
resting heart rate) + resting heart rate] was used to apply
the 40-70% exercise intensity of the maximum heart rate
reserve presented by the American Society of Sports
Medicine [17,18]. The treadmill speed, corresponding to
each subject's maximum heart rate reserve of 40%, 50%,
60%, and 70%, was subsequently calculated. The starting
walking speed of the treadmill was adjusted to 40% of
the initial reserve heart rate, with gradual increase of speed
every 5 minutes [19]. In the case of any complaints of
difficulties with the increased speed, the speed was

maintained at the previous stage.

2) Random speed changing treadmill gait training

For the application of random speed changing treadmill
gait training, the treadmill speed corresponding to each
participant's maximum heart rate reserve 40%, 50%, 60%,

and 70% was calculated, similar to gradual speed increase

treadmill gait training. Walking training was performed
for 20 minutes, by changing the calculated four treadmill
speeds in a random order every 5 minutes. The random
sequence speed was changed by the physical therapist every
5 minutes, according to the order in which the subject
drew lots before training. In case of difficulty in maintaining
continuous walking due to sudden increase or decrease in

speed, the speed was maintained at the previous stage.

3. Outcome measures

1) Primary outcome measures

In order to evaluate gait function, a 10-m walking test,
a timed up and go test, and a 6-minute walking test were
performed. The 10-m walking test is a measure used to
evaluate gait performance [20]. Barring the initial
acceleration section and the end deceleration section of
2 m each, the walking speed in the middle 10 m, in a
total 14 m flat walking path, was measured using a
stopwatch. No feedback, such as instructions or
encouragement, was provided during the test. A timed up
and go test measures the functional mobility and balancing
ability [21]. The time taken when the participant sits in
a chair with armrests and walks a distance of 3 m from
the chair with a start signal, and subsequently returns and
sits back again, was measured. The 6-minute walking test
determines the endurance of the walk [22]. It is a test
that measures the walking distance for 6 minutes, and was
measured by walking around a 20 m distance. There was
no warm-up exercise before the test, and the walking speed
and rest time during the measurement were self-adjusted
according to the patient's ability. All gait functions were

measured three times, and the average value was used.

2) Secondary outcome measures
A spirometer (Spirometer HI-801, CHEST MI INC,
Japan) was used to evaluate respiratory functions. In this

study, we measured the forced vital capacity (FVC), forced
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expiratory volume in one second (FEV1), and maximum
voluntary ventilation (MVV). All measurements were
performed three times in total, and the maximum value
was used for analysis [23]. FVC and FEV1 are general
indicators that assess respiratory function [24], and MVV
is an indicator that assesses endurance of inspiratory
muscles [25].

For the measurement of FVC, participants were asked
to sit in a chair, tilt their upper body forward about 15
degrees, and wear nose tongs for the use of closed circuit.
After biting the mouthpiece and wrapping it with lips, they
were induced to exhale air with maximum force after
maximum inhalation, and the subject was encouraged to
exhale until the end. The examiner made sure that the
subject's lips were completely covered, and nothing was
blocking the mouthpiece to prevent air leakage as much
as possible. FEV1 was recorded after maximum inspiration
in the same posture and conditions as for the FVC. In
order to check whether FEV1 is the value obtained from
the maximum curve, the FVC was set to be less than 5%,
and the time to reach the peak expiratory flow rate was
set to be less than 120 ms. The MVV was measured in
the same posture and conditions as the FVC test. Inhalation
and exhalation were repeated 15 to 20 times for 12 seconds,
and the maximum amount of ventilation that the subject

could perform was measured.

Table 1. General Characteristics of the Participants at Baseline

4, Data analysis

The demographic variables were analyzed at the baseline
using appropriately an independent t-test or Chi-Square test.
The Shapiro-Wilk test was used to assess the normality.
To determine the source of significant differences between
pre- and post-training, simple contrasts were conducted for
each significant time for the main effects. Two-way
repeated measures analysis of the variance (ANOVA) was
applied to compare the mean differences between the two
groups (GSI group and RSC group) as the first factor,
and time (pre training and post training) as the second
factor. SPSS ver. 25.0 (IBM Corp, Armonk, NY, USA)
was used for the analysis, and statistical significance was

accepted for p values < .05.

I, Results

Demographic characteristics of the groups are presented
in Table 1. No significant intergroup difference was
observed for sex, age, weight, height, and paretic side (p
> .05).

Table 2 shows the changes in walking functions (primary
outcomes: 10-m walking test, timed up and go test, and
6-minute walking test) and respiratory functions (secondary
outcomes: FVC, FEV1, and MVV) after subjecting the

groups to respective intervention. Significant improvements

Demographic Features GSI Group RSC Group Xt P

Sex (male / female) 6/4 6/5 .064 .801

Age (years) 59.20 + 9.30 61.27 + 10.88 467 646

Height (cm) 160.50 + 11.26 166.09 + 8.44 1.296 211

Weight (kg) 63.30 = 10.70 67.00 + 8.96 .862 399

Paretic Side (right / left) 3/7 5/6 531 466
Onset Duration (months) 50.50 £ 29.17 61.09 + 3536 744 466
Stroke Type (infarction / hemorrhage) 6/4 5/6 444 .505

Values are expressed as frequency or mean + SD.

GSI group, treadmill walking training with gradual speed increase; RSC group, treadmill walking training with random speed changing,



Comparison of Two Treadmill Gait Training Techniques on the Gait and Respiratory Function in Stroke Patients | 51

Table 2. Pre- to Post-training Changes in the Walking and Respiratory Variables in the Two Groups

GSI Group (n = 10) RSC Group (n = 11) F R
pre post % Change Pre post % Change (time x group)
10-m Walking Test (sec) 13.84 + 7.11 1243 + 6.68 -10.19 19.99 £ 10.56 19.11 + 10.84 441" 2.851 130
6 MWT (meter) 290.40 + 126.90 308.10 + 131.93  +6.10" 207.55 + 96.85 22227 + 97.77  +7.09' 956 .048
TUG (sec) 17.43 £ 9.93 1542 + 8.56 -11.54' 20.54 + 10.25 18.94 + 9.12 -7.79' 490 .025
FVC (L) 2.70 £ 1.19 3.10 £ 1.08 +14.81 242 + .65 2.66 + .68 +9.92' .790* 263
FEVI (L) 2.02 + .90 221 + .84 +9.41" 192 £ .39 2.18 + 38 +13.54' 706 036
MVV (L) 71.26 + 3322 76.86 + 31.01 +7.86" 85.98 + 25.89 92.54 + 27.24 +7.63" .580 .030

Values are expressed as mean + SD.

GSI group, treadmill walking training with gradual speed increase; RSC group, treadmill walking training with random speed changing; 6 MWT,

6 minutes walking test; TUG, timed up and go; FVC, forced vital capacity; FEV1, forced expiratory volume at one second; MVV, maximal voluntary

ventilation.

*Significant difference (p < .05) between the GSI group and RSC group.

'Significant difference (p < .05) from pre-intervention.

in the 10-m walking test, timed up and go test, 6-minute
walking test, FVC, FEV1, and MVV were observed after
training in both groups (p < .05). The GSI group showed
a larger increase in the FVC than the RSC group (+ 4
Lvs. + 3L F (1, 19) = 6790, p = 017, 7 = 263).
However, values obtained for the 10-m walking test, timed
up and go test, 6-minute walking test, FEV1, and MVV
after training in the GSI and RSC groups were not
significantly different (p > .05).

IV, Discussion

This study was undertaken to compare the effects of
treadmill gait training with gradually increasing speed, and
gait training with randomly changing speeds, on the gait
and respiratory function changes in stroke patients.
Evaluation of gait function revealed significant improvement
after intervention in both groups, when considering the
10-m walking test, timed up and go test, and 6-minute
walking test; however, no significant intergroup difference
was observed for the amount of change. Munari et al. [9]
compared the effects of treadmill gait training at slow and
high speeds on gait function in stroke patients. They

reported that in the 6-minute walking test, the treadmill
gait training at high speed increased 58 m more than training
at slow speed. In the 10-m walking test, the treadmill gait
training at high speed was reduced by 1.7 seconds. These
results indicate that treadmill gait training conducted at
a high speed is more effective in improving the gait function
of stroke patients, as compared to walking training at a
slow speed. The two methods of treadmill training
conducted in this study also showed improved gait function.
Both techniques were ascertained to show similar results
because they were applied at a high speed of up to 70%
of the maximum heart rate. In addition, Jang [26] compared
exercise concentration in stroke patients with and without
changes in walking speed, and reported that walking
training in which the walking speed is changed was more
effective in inducing the concentration of exercise in stroke
patients than in the case where the speed remained constant.
It was therefore considered that improvement of gait
function of the two training methods in the current study
is due to improved exercise concentration during gait
training,

When comparing the respiratory function, significant
changes were determined for FVC, FEV1, and MVV after
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intervention in both groups. In the FVC, the group subjected
to gradual speed increasing treadmill gait training showed
a more significant increase of 2.3 L, as compared to random
speed changing treadmill gait training. In both training
methods, the result of improved respiratory function in
stroke patients after intervention compared to before
intervention is thought to be due to the improved excessive
energy consumption while walking [27]. Munari et al. [9]
compared the effects on VO2 max and walking energy
cost of treadmill gait training at high and slow speeds in
stroke patients. They reported that the faster speed increased
VO2 max by 3.73 mL/kg/min more than the slow speed,
and walking energy consumption decreased by 10.9
mL/kg/km. These results are similar to the results obtained
in this study, which shows improved respiratory function
at high speed of up to 70% of the maximum heart rate
reserve in both training methods. Seethapathi et al. [28]
reported that changing the walking speed on a treadmill
consumes 6-20% more calories than walking at a constant
speed. They reasoned increased calorie consumption and
energy metabolism in the process of adapting to the
changing walking speed. Therefore, as determined in the
current study, the result of increasing lung function in stroke
patients subjected to changing treadmill speed, in either
a gradual or random order, could be due to an increase
in energy metabolism. In this study, the gradual speed
increasing treadmill gait training showed a greater
improvement in FVC than random speed changing treadmill
gait training. These results are possibly because gait
training, in which the treadmill speed is gradually increased,
provides a more favorable environment for lung function
adaptation, than training conditions in which the treadmill
speed is randomly increased or decreased [29]. FVC, along
with FEVI, is a useful measurement variable for diagnosing
patients with respiratory problems and determining their
recovery [30]. In addition, the VO2max, walking speed,
and walking endurance of stroke patients correspond to

about 50%, compared to normal people [31]. Therefore,

our results indicate that gradual speed increasing treadmill
gait training is a more effective intervention method for
the recovery of lung function in stroke patients, as compared
to random speed changing treadmill gait training.

Since this study was not conducted with many subjects,
there is a limitation in that it cannot provide results with
high power. This study compared the effects of
interventions for a relatively short intervention period of
6 weeks. These results are unable to generalize and interpret
the effect of the intervention since it is difficult to
completely control psychological variables when measuring
the heart rate. However, this study has promising clinical
significance, in that it investigates the effects of treadmill
gait training program conducted in a more difficult
environment, by applying gradual increase in speed and
randomly changing speed. Further studies that complement
the limitations of this study need to be performed in future,
and current study results can be used as basic data for
application of an intervention method that can be
generalized to improve gait and respiratory function in

stroke patients.

V. Conclusion

This study was conducted to compare the effects of
gradual speed increasing treadmill gait training, and random
speed changing treadmill gait training, on gait and
respiratory function in stroke patients. Both groups showed
effective improvements in the gait function and respiratory
function of stroke patients, with the gradual speed
increasing treadmill gait training group being more
efficacious in improving the respiratory function.
Therefore, in the case of treadmill walking training to
improve respiratory function in stroke patients, it is
considered more effective to gradually increase the speed

rather than apply randomly changing speeds.



Comparison of Two Treadmill Gait Training Techniques on the Gait and Respiratory Function in Stroke Patients | 53

References

[1] Duncan PW, Horner RD, Reker DM, et al. Adherence
to postacute rehabilitation guidelines is associated with
functional recovery in stroke. Stroke. 2002;33(1):167-77.

[2] Lord SE, McPherson K, McNaughton HK, et al.
Community ambulation after stroke: how important and
obtainable is it and what measures appear predictive?
Arch Phys Med Rehabil. 2004;85(2):234-9.

[3] Patterson SL, Forrester LW, Rodgers MM, et al.
Determinants of walking function after stroke: differences
by deficit severity. Arch Phys Med Rehabil. 2007;
88(1):115-9.

[4] Lanini B, Bianchi R, Romagnoli I, et al. Chest wall
kinematics in patients with hemiplegia. Am J Respir
Crit Care Med. 2003;168(1):109-13.

[5] Ada L, Dean CM, Hall JM, et al. A treadmill and
overground walking program improves walking in persons
residing in the community after stroke: a placebo-
controlled, randomized trial. Arch Phys Med Rehabil.
2003;84(10):1486-91.

[6] Harris-Love ML, Forrester LW, Macko RF, et al.
Hemiparetic gait parameters in overground versus
treadmill walking. Neurorehabil Neural Repair. 2001;
15(2):105-12.

[7] Hesse S, Werner C, Paul T, et al. Influence of walking
speed on lower limb muscle activity and energy
consumption during treadmill walking of hemiparetic
patients. Arch Phys Med Rehabil. 2001;82(11):1547-50.

[8] Macko RF, Ivey FM, Forrester LW, et al. Treadmill
exercise rehabilitation improves ambulatory function and
cardiovascular fitness in patients with chronic stroke:
a randomized, controlled trial. Stroke. 2005;36(10):
2206-11.

[9] Munari D, Pedrinolla A, Smania N, et al. High-intensity
treadmill training improves gait ability, VO2peak and
cost of walking in stroke survivors: preliminary results
of a pilot randomized controlled trial. Eur J Phys Rehabil

Med. 2018;54(3):408-18.

[10] Chan L, Chin LMK, Kennedy M, et al. Benefits of intensive
treadmill exercise training on cardiorespiratory function
and quality of life in patients with pulmonary hypertension.
Chest. 2013;143(2):333-43.

[11] McGregor SJ, Busa MA, Yaggie JA, et al. High resolution
MEMS accelerometers to estimate VO2 and compare
running mechanics between highly trained inter-collegiate
and untrained runners. PLoS One. 2009;4(10):€7355.

[12] Lee JS, Oh DW. Effects of fast-speed treadmill training
with on balance and walking ability of patients with
chronic stroke. Kor J Neural Rehabil. 2011;1(2):31-9.

[13] Lee JM. The effects of ambulation and balance according
to different velocity of treadmill ambulation training in
post-stroke patient. Master's Degree. Daegu University.
2014.

[14] Mehrholz J, Thomas S, Elsner B. Treadmill training and
body weight support for walking after stroke. Cochrane
Database Syst Rev. 2017;3(8):Cd002840.

[15] Wada Y, Kondo I, Sonoda S, et al. Preliminary trial
to increase gait velocity with high speed treadmill training
for patients with hemiplegia. Am J Phys Med Rehabil.
2010;89(8):683-7.

[16] Tanaka H, Monahan KD, Seals DR. Age-predicted
maximal heart rate revisited. ] Am Coll Cardiol. 2001;
37(1):153-6.

[17] Alansare A, Alford K, Lee S, et al. The effects of
high-Intensity interval training vs. moderate-intensity
continuous training on heart rate variability in physically
inactive adults. Int J Environ Res Public Health.
2018;15(7):1508.

[18] Amstrong L. Guidelines for exercise testing and
prescription. American college of Lippincott: Williams
& Wilkins. 2006.

[19] Jeon GY, Choi WJ, Lee SW. The effect of acombined
functional electrical stimulation with progressive speed
treadmill training for gait and balance performance in
stroke survivors. J Spec Edu Rehbail Sci. 2014;53(3):



54 | J Korean Soc Phys Med Vol. 15, No. 4

365-83.

[20] Wolf SL, Catlin PA, Gage K, et al. Establishing the
reliability and validity of measurements of walking time
using the Emory Functional Ambulation Profile. Phys
Ther. 1999;79(12):1122-33.

[21] Flansbjer UB, Holmbick AM, Downham D, et al.
Reliability of gait performance tests in men and women
with hemiparesis after stroke. J Rehabil Med. 2005;
37(2):75-82.

[22] Fulk GD, Echternach JL. Test-retest reliability and
minimal detectable change of gait speed in individuals
undergoing rehabilitation after stroke. J Neurol Phys Ther.
2008;32(1):8-13.

[23] Leelarungrayub J, Puntumetakul R, Sriboonreung T, et
al. Preliminary study: comparative effects of lung volume
therapy between slow and fast deep-breathing techniques
on pulmonary function, respiratory muscle strength,
oxidative stress, cytokines, 6-minute walking distance,
and quality of life in persons with COPD. Int J Chron
Obstruct Pulmon Dis. 2018;13:3909-21.

[24] Roth EJ, Nussbaum SB, Berkowitz M, et al. Pulmonary
function testing in spinal cord injury: correlation with
vital capacity. Paraplegia. 1995;33(8):454-7.

[25] Ries AL. Pulmonary rehabilitation: summary of an
evidence-based guideline. Respir Care. 2008;53(9):
1203-7.

[26] Jang GH, Ann JU, Lee SH. Comparison of brain activation
according to walking speed on treadmill. Kor Soc Prec
Engine. 2014;5:1255.

[27] Pang MY, Eng JJ, Dawson AS. Relationship between
ambulatory capacity and cardiorespiratory fitness in
chronic stroke: influence of stroke-specific impairments.
Chest. 2005;127(2):495-501.

[28] Seethapathi N, Srinivasan M. The metabolic cost of
changing walking speeds is significant, implies lower
optimal speeds for shorter distances, and increases daily
energy estimates. Biol Lett. 2015;11(9):20150486.

[29] Park SH, Cha YJ, Choi YH. Effects of tradmill walking
training with randomized walking speed on pulmonary
function in persons with chronic stroke. J Korean Soc
Phys Med. 2016;11(4):71-9.

[30] Pierce R. Spirometry: an essential clinical measurement.
Aust Fam Physician. 2005;34(7):535-9.

[31] Kelly JO, Kilbreath SL, Davis GM, et al. Cardiorespiratory
fitness and walking ability in subacute stroke patients.
Arch Phys Med Rehabil. 2003;84(12):1780-5.




<<
  /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


