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Abstract

Aim and Methods The major aim of this study was to

determine whether after 6 weeks of aerobic training ado-

lescent idiopathic scoliosis (AIS) girls who suffer from

mild scoliotic curvatures (n = 6) behaved in a similar way

than healthy controls (n = 6) in different biochemical,

anthropometric, and cardio respiratory parameters.

Results The maximal power output and the power output

achieved at the anaerobic threshold (AT), during the

maximal exercise test, were significantly increased in both

experimental groups, when compared with resting condi-

tions. The training program caused significant changes in

body composition (i.e., a decrease in body fat %) only in

the scoliotic group. Regarding the cardio respiratory mea-

surements, VO2max was increased by 17% in AIS group and

10% in the healthy group.

Conclusions Our results suggest that physical activity

should be encouraged in scoliotic girls with mild curvatures.

Keywords Maximal oxygen consumption � Anaerobic

threshold � Body fat � Life expectancy

Introduction

Several studies have shown the decrease in the capacity to

produce aerobic work in young subjects with mild to mod-

erate adolescent idiopathic scoliosis (AIS) (when scoliosis

exceeds 258) [1–3]. These abnormalities may lead to an

increase in the energy required for walking or performing

other physical activities [4]. However, the frequency and the

relevance of the restricted work capacity is uncertain and a

matter of controversy. Chong was the first author to intro-

duce the exercise tests in the studies with AIS patients to

amplify their possible respiratory alterations undetectable in

rest conditions [5]. Maximal aerobic power (VO2max) has

mostly been the province of exercise physiologists wishing

to provide a measure of athletic potential or to characterize

subjects in exercise-related research. It is also used clini-

cally to determine a patient’s exercise capacity [6]. VO2max

is the maximum amount of oxygen that can be used by the

working muscles [6]. Large-scale epidemiological studies of
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subjects with and without cardiovascular disease demon-

strate that low aerobic exercise capacity is a stronger pre-

dictor of mortality than other established risk factors such

as: diabetes, smoking, body mass index greater than 30,

hypertension or COPD [7, 8]. It has been reported that

scoliotic children have a low capacity to perform aerobic

work. Their aerobic capacity starts to decline when scoliosis

exceeds 258 [2]. In 1981, it was postulated that the low

aerobic capacity in patients with AIS is related to their

physical inactivity [9]. It is well known that those types of

patients usually avoid participation in physical activities and

very often avoid physical education classes in school [2].

The major aim of this study was to determine whether

an exercise training protocol induces beneficial effects in

AIS girls. For this purpose, we studied the beneficial

effects of 6-week aerobic training in AIS girls who suffer

from mild scoliotic curvatures on different biochemical,

anthropometric, and cardio-respiratory parameters.

Materials and methods

Sample

Six young girls aged between 12 and 15 years with

adolescence idiopathic scoliosis (scoliosis Cobbs angle

28.18 ± 2.18 and Risser 1.7 ± 1.8) volunteered for this

study. All the AIS patients selected had right thoracic

primary curve (Lenke type I) [10]. Six healthy girls mat-

ched in age and without spinal deformity participated in the

study as a control group. All of the girls were informed of

the purpose, protocol and procedures prior to acceptance

into the study. The scoliotic group was recruited follow-

ing the diagnosis of their condition by physicians of an

Spanish hospital. Spinal deformity was measured from

anteroposterior radiographs in standing position. None of

the girls used braces.

The control group was selected from a secondary edu-

cation institute between courses of 28, 38 and 48 complying

with the inclusion criteria. All the girls in the study were

non-smokers and free from any known illnesses (apart from

the scoliosis) as ascertained by the medical doctors. Girls

underwent a complete physical examination before the

exercise tests to discard any type of incapacity or pathology

that could contraindicate the test. None of the girls in both

groups was active in athletics. The usual physical exercise

program included in the educational curriculum of these

students comprises a variety of sports activities for 2 h,

twice a week. Volunteers exceeding these limits for any

reason were excluded from the study. The Committee on

Ethics in Research of the hospital where the study was

developed granted ethical approval.

Measurements

Anthropometric measurements, blood analysis, cycle

ergometer test, and spirometer measurements were per-

formed at the beginning and at the end of the training

program. Table 1 shows the basic anthropometric charac-

teristics and biochemical parameters determined in blood.

Testing procedures

Testing of the training group was performed during the first

(before training) and last (after training) visit of the sub-

jects to the training area. These occasions included only

testing of the subjects, but not training. Estimation of body

fat was calculated according to Durnin and Rahaman [11]

using the method of body skinfolds. The Fukuda Sagnyo

ST-90 spirometer was used for the measurement of forced

Table 1 Anthropometric characteristics and biochemical parameters before and after the training protocol in AIS girls and healthy controls

AIS group (n = 6) Healthy group (n = 6) ANOVA Effect of

condition

(p value)

Effect of

training

(p value)

Interaction

training 9 condition
Before After Before After

Age (years) 13.5 ± 1.9 15.0 ± 0.8

Height (cm) 159.7 ± 7.9 159.7 ± 7.8 165.9 ± 13.1 165.8 ± 13.1

Weight (kg) 50.4 ± 11.2 49.9 ± 12.1 60.4 ± 6.3 59.8 ± 5.4

BMI (kg/m2) 19.5 ± 3.3 19.5 ± 3.7 21.9 ± 1.5 21.6 ± 1.2

Body fat (%) 15.1 ± 4.9 14.2 ± 4.7 15.9 ± 3.6 14.4 ± 5.0 \0.05 NS \0.05 NS

Degree of the curve

(Cobb)

28.1 ± 2.1 28.1 ± 1.8

T-Chol (mg/dL) 170.0 ± 39.0 170.0 ± 32.0 168.0 ± 23.0 169.0 ± 31.0

LDL-Chol (mg/dL) 96.0 ± 23.0 92.0 ± 19.0 94.0 ± 13.0 93.0 ± 15.0

HDL-Chol (mg/dL) 58.0 ± 14.0 58.0 ± 13.0 59.0 ± 12.0 59.0 ± 15.0

The values are presented as mean ± SD

BMI body mass index, Cobb scolisis Cobbs angle, NS not significant
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vital capacity (FVC, Us), forced expiratory volume in one

second (FEV1, 1/1 s) and the ratio FEV1/FVC%.

All subjects completed the test until exhaustion to

determine VO2max. Different ventilator parameters such as

the respiratory ratio (R = VCO2/VO2) were registered

‘‘breath by breath’’ through respiratory valve and face mask

(Hans Rudolph, Inc., Kansas City, MO, USA) using the

Oxycon gas analyzer (Jaeger). Before each test, the gas

analyzer was calibrated for volumes and gas exchange

composition. Heart Rate was monitored during the tolerance

exercise test by continuous 12-lead ECG. Blood pressure

was recorder by auscultation at rest and immediately after

maximal exercise and after 1-and 3-min recovery periods.

Training

The groups performing a cycling training program were

subjected to a training program of three sessions per week

during a period of 6 weeks with an approximate duration of

1 h per session (Table 2). The training intensity was

increased from 65 to 85% VO2max. All the girls were

trained every day with a Pulsometer 810R Cardio Polar.

Statistical analysis

For each variable analyzed, a repeated-measures 2-factor

analysis of variance was performed. Repeated measures

were performed for training (before training compared with

after training); the second factor was the condition (AIS or

control group). When an interaction effect was found,

multiple comparisons using the Tukey post hoc test were

performed. The critical level for the analysis of p value was

set at 0.05.

Results

The training program significantly decreased the body fat

mass in AIS group (p \ 0.05), but the decrease did not

reach the statistical difference in the healthy group

(p = 0.06). However, the training program did not modify

the plasma lipid profile (Table 1).

Table 3 shows the values before-training and after-

training for AIS and healthy subjects, for the pulmonary

parameters investigated in the study. It can be seen that

aerobic training did not modified the FVC and FEV1.

Nonetheless, FEV1/FVC% decreased significantly only in

AIS group (p \ 0.05).

Maximal aerobic power increases in response to training

in both AIS and healthy groups. Maximal oxygen uptake

was increased by 17% in AIS group (p \ 0.05) and 10% in

healthy group (p \ 0.05). Metabolic equivalent calculated

in metabolic equivalent of Task (METS) was increased after

the program training in both groups by 8.7% (p \ 0.05 in

AIS group, and p \ 0.05 in the healthy group).

Maximal breath frequency (BF) in response to maximal

exercise was decreased significantly only in AIS group

(p \ 0.05). In line with other results, maximal respiratory

ratio significantly increased after the program training only

in AIS groups (p \ 0.05).

As expected, no difference was found in maximal heart rate

in both groups (p [ 0.05). Nonetheless, HR at the AT was

decreased in both groups; the change was statistically signif-

icant (p \ 0.05). Maximal power output relative to body

weight increased significantly in response to training in AIS

and healthy groups. Consistently, training significantly mod-

ified the power output at the AT in both groups (p \ 0.05).

Discussion

Exercise training has been considered to be a causative

factor of AIS especially among adolescent athletes who are

engaged in certain athletic activities [12, 13]. In our study,

we measured the degree of the curve according to Cobb

and did not find any significant modification after 6 weeks

of training in a cycle ergometer (See Table 1). In our view,

participating in a training programme is not (positively or

negatively) associated with the development of AIS. Our

results are in accordance with the previous research in

which it has been demonstrated that the participation in

competitive sports activities is not associated with the

development of AIS [14]. On the contrary, we found very

positive adaptations to the training programme in AIS girls.

For instance, the percentage of body fat was significantly

decreased (p \ 0.05) in the scoliotic group demonstrating

that 6 weeks of aerobic exercise are enough to cause sig-

nificant changes in the body composition.

Regarding the ventilatory parameters determined in our

study, no changes in FVC and FEV1 were found between

the experimental groups (scoliotic girls vs. healthy) and

after the training protocol. However, the FEV1/FVC %

significantly decreased after training in the AIS girls. Our

results confirm the ventilatory beneficial adaptations pre-

viously reported by other research groups [2]. Mild

Table 2 Details of the training protocol

Weeks VO2max

(%)

Time

(min)

Training

sessions/week

1 65 35 3

2 70 38 3

3 75 42 3

4 80 45 3

5 85 48 3

6 85 50 3
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scoliotic patients reported by DiRocco and Vaccaro [1] and

Barrios et al. [3] do not show any obstructive sign causing

ventilatory restrictions during rest conditions and have no

ventilatory limitations of exercise capacity. Our results, as

shown in Table 3, confirm these data.

No abnormal ECG-changes were recorded at rest, dur-

ing, or after exercise. Exercise training did not modify the

heart rate at maximal exercise neither in the AIS nor in the

healthy groups. However, the maximal power output, as

well as the power output achieved at the anaerobic

threshold during the maximal exercise test, was signifi-

cantly increased in the scoliotic and in the healthy girls

after training. These results reflect beneficial metabolic

adaptations after the training protocol in all the experi-

mental groups [2, 15].

Regarding the maximal oxygen consumption, Table 3

shows similar VO2max values in the group of scoliotic

adolescents (35.9 ± 4.9 mL/kg/min) and in the healthy

girls (37.3 ± 3.1 mL/kg/min). These findings differ from

Barrios et al. [3], but they are in accordance with those

reported by Leech et al. [16] who reported similar maxi-

mal oxygen uptake among scoliotic adolescents with light

curves and healthy peers. During the past two decades,

exercise capacity and activity status have become well-

established predictors of cardiovascular and overall mor-

tality [7, 17]. In 1995, Pate et al. observed a 7.9%

reduction in mortality for every 1-min increase in tread-

mill time during an exercise test [17]. These findings

demonstrate that both a relatively high degree of fitness at

base line and an improvement in fitness over time, yield

marked reductions in death risk. Physical fitness is best

assessed by a measure of VO2max, which is viewed as an

index of energy expenditure [18]. We determined the

VO2max during a maximal exercise test in our experimental

groups. VO2max was increased by 17% in AIS group

(p \ 0.05) and 10% in the healthy group (p \ 0.05). Our

results are in accordance with those reported by Bjure

et al. [15]. These authors found increments in the VO2max

(*22%) after 3 months of exercise training in girls with

different degrees of curvature. Metabolic equivalents cal-

culated in METS were also significantly increased after

the training program in our study. One MET is defined as

the energy expended in sitting quietly, which is equivalent

to body oxygen consumption of approximately 3.5 ml per

kilogram of body weight per min for an average adult.

Thus, 1 MET is equivalent to a resting oxygen uptake of

Table 3 Comparison of cardio-respiratory function during maximal exercise tolerance test between AIS girls and healthy controls: effect of an

exercise training protocol

AIS group (n = 6) Healthy group (n = 6) ANOVA Effect of

condition

(p value)

Effect of

training

(p value)

Interaction

training 9

conditionBefore After Before After

Spirometry at rest

Forced vital capacity

(FVC) (L)

3.5 ± 0.4 3.5 ± 0.4 3.7 ± 0.7 3.5 ± 0.7

Forced expiratory

volume (FEV1) (L)

2.9 ± 0.4 3.0 ± 0.4 2.6 ± 0.7 2.9 ± 0.6

FEV1/FVC (%) 85.3 ± 4.4 83.6 ± 5.2 84.2 ± 4.3 83.3 ± 7.4 \0.05 NS NS \0.05

Maximal exercise test

Maximum oxygen

uptake (VO2max)

(L/min)

1.8 ± 0.3 2.1 ± 0.3 2.0 ± 0.3 2.2 ± 0.3 \0.05 \0.05 \0.05 NS

Maximum oxygen

uptake (mL/kg/min)

35.9 ± 4.9 40.1 ± 3.1 37.3 ± 3.1 40.2 ± 2.2 \0.05 \0.05 \0.05 NS

METS 10.3 ± 1.4 11.2 ± 1.7 9.5 ± 1.6 10.8 ± 1.1 \0.05 NS \0.05 NS

Breath frequency (BF) 53.2 ± 6.7 49.1 ± 10.3 47.2 ± 8.3 46.0 ± 6.3 \0.05 \0.05 NS \0.05

Respiratory ratio (R),

VO2/VCO2

1.0 ± 0.1 1.1 ± 0.1 1.1 ± 0.1 1.0 ± 0.1 \0.05 NS NS \0.05

Heart rate at maximal

exercise (bpm)

186.6 ± 11.5 187.6 ± 9.4 192.0 ± 7.3 191.0 ± 6.7

Heart rate at AT (bpm) 149.5 ± 4.3 146.5 ± 4.5 154.6 ± 8.1 150.8 ± 8.6 \0.05 \0.05 \0.05 NS

Maximal power

output (W/kg)

2.7 ± 0.5 2.9 ± 0.3 2.9 ± 0.1 3.0 ± 0.7 \0.05 \0.05 NS \0.05

Power at AT (W/kg) 1.7 ± 0.4 1.9 ± 0.2 1.8 ± 0.5 2.0 ± 0.6 \0.05 NS \0.05 NS

The values are presented as mean ± SD

AT anaerobic threshold, NS not significant
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about 250 mL per min for an average man and 200 mL

per min for an average woman [18]. In 2002, it was

demonstrated that every one MET increase in exercise

performance is associated with a 12% improvement in

survival which confirms the presence of a graded, inverse

relation between exercise capacity and mortality from any

cause [7]. Several years ago, it was reported that life

expectancy and the aerobic capacity are decreased in

nontreated scoliosis [15]. We consider that the significant

increase in VO2max and in the metabolic equivalents found

after training in the scoliotic girls is of main importance in

the clinical practice. Scoliotic children have no particular

cardio-respiratory disease when young, but this is very

likely to occur when the child become an adult [2]. Their

capacity to perform aerobic work starts to decline when

scoliosis exceeds 258 [2]. They usually avoid participation

in physical activities and very often avoid physical edu-

cation classes in school [2].

In conclusion, our results show beneficial adaptations in

anthropometric and cardio respiratory parameters after a

training program in AIS girls. Thus, we consider that

physical activity should be encouraged in scoliotic girls

with mild curvatures. We are aware of some limitations of

our study. For instance, the number of subjects is low and

this limitation can decrease the power of the statistical

analysis performed. Moreover, it should be taken into

account that the low scoliotic degree (\308) of our selected

group of subjects could have an influence in the positive

effect of the exercise training reported in our study. More

research is needed to extend our conclusions to subjects

with more severe curves.

Acknowledgment This study was supported by grant from GEER

(Spanish Group for Spinal Disease) and grant from University of

Valencia (Spain) (Medical College Organisation).

Conflict of interest None.

References

1. DiRocco PJ, Vaccaro P (1988) Cardiopulmonary functioning in

adolescent patients with mild idiopathic scoliosis. Arch Phys Med

Rehabil 69:198–201

2. Athanasopoulos S, Paxinos T, Tsafantakis E, Zachariou K,

Chatziconstantinou S (1999) The effect of aerobic training in

girls with idiopathic scoliosis. Scand J Med Sci Sports 9:36–40

3. Barrios C, Perez-Encinas C, Maruenda JI, Laguia M (2005)

Significant ventilatory functional restriction in adolescents with

mild or moderate scoliosis during maximal exercise tolerance

test. Spine 30:1610–1615

4. Shneerson JM, Madgwick R (1979) The effect of physical

training on exercise ability in adolescent idiopathic scoliosis.

Acta Orthop Scand 50:303–306

5. Chong KC, Letts RM, Cumming GR (1981) Influence of spinal

curvature on exercise capacity. J Pediatr Orthop 1:251–254

6. Wagner PD (1996) Determinants of maximal oxygen transport

and utilization. Annu Rev Physiol 58:21–50

7. Myers J, Prakash M, Froelicher V, Do D, Partington S, Atwood

JE (2002) Exercise capacity and mortality among men referred

for exercise testing. N Engl J Med 346:793–801

8. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F,

McQueen M, Budaj A, Pais P, Varigos J, Lisheng L (2004) Effect

of potentially modifiable risk factors associated with myocardial

infarction in 52 countries (the INTERHEART study): case–con-

trol study. Lancet 364:937–952

9. Kesten S, Garfinkel SK, Wright T, Rebuck AS (1991) Impaired

exercise capacity in adults with moderate scoliosis. Chest

99:663–666

10. Lenke LG, Betz RR, Harms J, Bridwell KH, Clements DH, Lowe

TG, Blanke K (2001) Adolescent idiopathic scoliosis: a new

classification to determine extent of spinal arthrodesis. J Bone

Joint Surg Am 83-A:1169–1181

11. Durnin JV, Rahaman MM (1967) The assessment of the amount

of fat in the human body from measurements of skinfold thick-

ness. Br J Nutr 21:681–689

12. Warren MP, Brooks-Gunn J, Hamilton LH, Warren LF, Hamilton

WG (1986) Scoliosis and fractures in young ballet dancers.

Relation to delayed menarche and secondary amenorrhea. N Engl

J Med 314:1348–1353

13. Becker TJ (1986) Scoliosis in swimmers. Clin Sports Med

5:149–158

14. Kenanidis E, Potoupnis ME, Papavasiliou KA, Sayeg FE, Ka-

petanos GA (2008) Adolescent idiopathic scoliosis and exercis-

ing: is there truly a liaison? Spine 33:2160–2165

15. Bjure J, Grimby G, Nachemson A (1969) The effect of physical

training in girls with idiopathic scoliosis. Acta Orthop Scand

40:325–333

16. Leech JA, Ernst P, Rogala EJ, Gurr J, Gordon I, Becklake MR

(1985) Cardiorespiratory status in relation to mild deformity in

adolescent idiopathic scoliosis. J Pediatr 106:143–149

17. Pate RR, Pratt M, Blair SN, Haskell WL, Macera CA, Bouchard

C, Buchner D, Ettinger W, Heath GW, King AC et al (1995)

Physical activity and public health. A recommendation from the

Centers for Disease Control and Prevention and the American

College of Sports Medicine. Jama 273:402–407

18. McArdle WD, Katch FI, Katch VL (1996) Exercise physiology:

energy nutrition and human performance. Williams & Wilkins,

Baltimore

Eur Spine J (2011) 20 (Suppl 3):S415–S419 S419

123


	Beneficial effects of aerobic training in adolescent patients with moderate idiopathic scoliosis
	Abstract
	Aim and Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Sample
	Measurements
	Testing procedures
	Training
	Statistical analysis

	Results
	Discussion
	Acknowledgment
	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


