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Symmetry of muscle activity during abdominal exercises
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In this study, the symmetry of EMG activity of right and left parts of rectus abdominis, erector spinae, rectus femoris has been tested
during isometric exercises. Subjects (N = 3) were selected from the university population. In each of nine isometric exercises, the position of
lower and upper extremities is different in relation to the upper body. Electromyographic signals were recorded from left and right parts of
selected muscles at 1000 Hz sampling frequency. Differences in EMG activity between specific exercises for left and right parts of each
muscle were tested for significance with a one-way ANOVA. It was concluded that EMG activity of left and right sides of rectus abdominis
and rectus femoris does not differ significantly; nevertheless statistically important differences were noticed between left and right sides of
erector spine. These findings provide more detailed knowledge and understanding of different forms of abdominal exercises.
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1. Introduction

One of the most important functions of abdomi-
nal muscles is stabilising the spinal column. A pow-
erful muscle corset around the spine increases spinal
stability and prevents overloading of the spine. The
research [1] shows that 50% of adult working popu-
lation suffers from the low back pain syndrome
(LBP). One of the causes of this condition is the fact
that spinal ligaments are not able to support loads
even significantly smaller than the body weight. This
causes asymmetric pressure on intervertebral discs
resulting in pain. As the external loads in the human
muscular system are transmitted in sequence by
muscles, ligaments, joints and bones, weakening the
muscles can cause problems even with relatively
small loads experienced in everyday life. In a natural
process, along with the ageing of the system, the
muscle fibres decrease. The decrease of muscle fi-
bres results in a decrease in muscle strength and
a decline in their functions. One of their major func-
tions is dumping of external loads. The measurable

effect of this process is a decline in muscle strength
in elderly people. In order to stop or even revert the
process, the muscles need to be strengthened by
power-building exercises [2].

The process described above also affects the mus-
cles referred to in the literature as the muscle corset.
The role of these muscles consists primarily in stabi-
lising the spine (the stabilising functions of these
muscles) during movements performed by other mus-
cles. Therefore, in many studies it has been emphasized
that strengthening these muscles is vital for preventing
spinal pains. It has been observed that a general exer-
cise routine is ineffective in reduction of the low back
pain syndrome [3]. Consequently, many studies ana-
lyze the participation and activity of muscles in vari-
ous power-building exercises [4]–[8]. In order to ef-
fectively prevent spinal pain, efforts have been made
to develop exercises aimed at strengthening the mus-
cles which stabilise the spine [9]–[10]. This is why the
quantitative identification of abdominal muscles is so
vital. One of the problems that need to be resolved is
the symmetry of muscular activity in the exercises
meant to stabilise the spine. The aim of the experi-
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ment is to determine whether symmetrical exercises
actually produce symmetrical muscular action.

2. Material and methods

2.1. Experimental procedures

The study was carried out on three volunteer female
students (healthy, with no spinal conditions) participat-
ing in a fitness instructor course. To maximize the repre-
sentativeness of the results obtained, the subjects were
selected within one gender (female), within a similar age
group of 22–23 years, as well as similar physical activity
level and habitus. All subjects were right-handed.

The study was performed at the Biomechanical
Analysis Laboratory of the Department of Biome-
chanics at the University School of Physical Educa-
tion in Wrocław (PN-EN ISO 9001:2001).

In the experiment, the EMG activity of the mus-
cles was recorded with bipolar surface electrodes with
solid gel Ag/AgCl (Bio Lead-Lok, Polska). The com-
plete set consisted of six pairs of active electrodes and
one reference electrode. Active electrodes were placed
on the muscle bellies along the longitudinal axis of the
muscles. The electrical activity was recorded for the
right and left sides of the following muscles: rectus
abdominis, erector spinae, and rectus femoris. The
center-to-center distance between the electrodes was
6.5 cm. The reference electrode was attached to the
skin in an electrically neutral location – the greater
trochanter of the femoral bone. The electrodes were
fitted with disposable self-adhesive rings. The posi-
tioning of electrodes was based on the principles of
optimal EMG signal reception known from the litera-
ture [11] as well as on the muscular structure [12],

taking into account the individual anatomical differ-
ences between the subjects. Another criterion for the
choice of muscles was their ability to receive myopo-
tentials isolated from signals from other muscles. This
is why only surface muscles with large and easily
identifiable shapes were selected. The EMG data were
collected by the use of an eight-channel electromyo-
graph Bortec “Octopus” (Bortec Electronics Inc., Cal-
gary, Alberta; CA). The EMG signals were collected
simultaneously from all the electrodes in order to rec-
ord the activity level of the selected muscles. The
EMG data were sampled at 1000 Hz.

The EMG signal in our experiment was not nor-
malized to the maximum voluntary isometric contrac-
tion (MVIC). The signal should be normalized if sig-
nals obtained for the activity of various muscles in
various movement tasks are compared. As humans are
characterized by dynamic asymmetry, displayed by
differences in the strength of the left and right sides of
the body, one can assume that the asymmetry is also
found in the EMG activity. If the EMG signals in par-
ticular tasks were compared to normalized values, the
potential differences in the activities of the muscles
on the right and left sides would not be observable.
A similar approach to the analysis of the EMG signal of
the muscles on the right and left sides of the body was
adopted by other authors [13].

2.2. Experiment structure

Each of the subjects was asked to perform three
groups of abdominal muscles’ exercises at three dif-
ferent positions of upper and lower limbs, which to-
gether makes up nine exercise combinations (exer-
cises A-1, B-1, C-1, A-2, B-2, C-2, A-3, B-3, C-3)
(the figure). The exercises were done in static positions.
The duration of one isometric exercise was five sec-

Characteristics of exercises in respect of the position of lower and upper limbs
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onds. The exercises were intersected with one-minute
rest intervals which helped relax the muscles. Each
exercise was repeated three times. The sequence of
execution of individual tests was randomly deter-
mined, which meant a different combination of exer-
cises for each subject. The test experiment was re-
peated on the next day.

The analysed exercises consisted in isometric action
of abdominal muscles in a precisely specified position,
i.e. lying on the back with the shoulders raised above the
floor and the lumbar part of the spine contacting the
floor. Individual exercises differed in the position of the
lower and upper limbs in relation to the trunk (the fig-
ure). Three positions of the lower limbs and three posi-
tions of the upper limbs were selected, thus making nine
exercise combinations. Based on the position of the
lower limbs in relation to the trunk, the exercises were
divided into three groups (1, 2, 3).

Group 1. The exercises in this group were exe-
cuted in a static supine position with the shoulder
girdle raised above the floor, the lumbar part of the
spine contacting the floor and the lower limbs raised
above the floor with the hip and knee joint flexed at
the angle of 90 degrees.

Group 2. In supine position, head and upper body
as above, feet resting on the floor, lower limbs flexed
at hip (90 degrees) and knee (90 degrees).

Group 3. In supine position, head and upper body
as in group 1, the angle in the hip and knee joint at
180 degrees, lower limbs lying down on the floor.

For the three combinations of lower limb positions
(1, 2, 3) there were three selected positions of the
upper limbs (A, B, C).

Upper limbs position A. In exercises (A-1, A-2, A-3),
the upper limbs positioned alongside the upper body,
parallel to the floor, extended in the elbow joints.
Hands with the palmar side upwards.

Upper limbs position B. In exercises (B-1, B-2, B-3),
hands with the palmar side touching the neck. Upper
limbs abducted and flexed in the elbow and humeral
joints.

Upper limbs position C. In exercises (C-1, C-2, C-3),
upper limbs raised up, shoulders at the head height,
elbow joints extended. The palmar side of the hands
directed inwards.

The isometric exercises selected for analysis in-
volve, to a different degree, the abdominal muscles
and flexors of the hip joint. Additionally, the selected
exercises are initial positions for dynamic exercises of
the abdominal muscles practiced at varying forms of
fitness activities.

Subjects did 6 trials for each assigned task, 3 on
one day and 3 on the next. This means that the statisti-
cal analysis involved 18 data items for each task (6
trials × 3 subjects).

The raw EMG signal was recorded using a PC
computer and stored with the Bioware program. The
‘Analizator’ program was used to determine the ab-
solute value of the electrical signals and the moving
mean (with 3 s step). The moving mean values can be
interpreted as the result of low pass filtering. Sub-
tracting the moving mean values from the raw signal
eliminated the low frequency component, which is the
redundant noise in the frequency analysis.

The output data from the ‘Analizator’ program were
transferred to the MS Excel spreadsheet, which was used
to prepare the data for the statistical analysis carried out
using the Statistica 5.0 software. For statistical analysis
a one-factor, repeated-measures analysis of variance
(ANOVA) was used, and post hoc analyses were per-
formed with the NIR test. Additionally, the statistical
analysis included the coefficient of variation (the ratio of
the standard deviation to the mean value) usually given
in per cent. It is assumed that if this coefficient is lower
than 10%, the characteristics show no statistically sig-
nificant variation. On the other hand, high values of the
coefficient indicate variation, which is heterogeneity, of
the characteristics tested. The coefficient can be applied
when one needs to assess the variation of:

a) a number of populations for the same charac-
teristics,

b) one population for different characteristics.

3. Results

The analysis of the EMG activity of selected ab-
dominal and lumbar muscles was performed in exer-
cises with the induced muscular contraction appropri-
ate for retaining the same static trunk position for
different muscle torques and external loads. The
change of the muscle torque and external load was
made by changing the position of lower and upper
limbs (see the description of the exercises in the ‘Ex-
periment structure’ section). A change in the condi-
tions of the abdominal exercises resulted in changing
the electrical activity of rectus abdominis. Although
the right-side part of the muscle showed higher values
of the action potential, the statistical analysis
(ANOVA) indicated in each exercise group analyzed
no statistically significant differences in the electrical
activity between the right and left sides of the exam-
ined muscle (table 1).
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As in the upper body flexing movements the
erector spinae is the antagonist to rectus abdominis, it

should show a similar pattern of electrical activity.
However, the general ANOVA indicated statistically

Table 1. Mean values and standard deviation of abdominal muscle myopotential amplitude [μV]
for three exercise groups (I, II, III) and three positions of upper limbs (A, B, C)

Type
of exercise Side Exercise group I

SDx ±
Exercise group II

SDx ±
Exercise group III

SDx ±
R 70.13 ± 36.41 87.96 ± 47.59 89.72 ± 36.23A
L 76.50 ± 17.99 66.31 ± 21.55 78.71 ± 17.70
R 111.17 ± 51.91 104.05 ± 46.37 100.13 ± 35.78

B L 88.62 ± 28.04 83.70 ± 27.57 86.08 ± 27.48
R 113.06 ± 16.28 111.86 ± 30.96 106.93 ± 26.02

C L 93.47 ± 42.97 88.18± 28.93 94.41 ± 29.71

R – activity of the right side of rectus abdominis, L – activity of the left side of rectus abdominis.

Table 2. Mean values and standard deviation of lumbar muscle myopotential amplitude [μV]
for three exercise groups (I, II, III) and three positions of upper limbs (A, B, C)

Type
of exercise Side Exercise group I

SDx ±
Exercise group II

SDx ±
Exercise group III

SDx ±
R 34.55 ± 24.71* 28.81 ± 13.82* 33.14 ± 12.29*A L 14.64 ± 5.40 14.37 ± 3.88 17.65 ± 6.09
R 39.36 ± 17.92* 31.42 ± 19.19* 35.63 ± 14.93*B L 17.77 ± 3.69 15.18 ± 2.50 16.54 ± 3.66
R 15.67 ± 2.03* 14.91 ± 4.32* 17.00 ± 4.54*C L 10.86 ± 1.51 10.07 ± 1.01 11.96 ± 2.45

* α < 0.05.
R – activity of the right side of erector spinae, L – activity of the left side of erector spinae.

Table 3. Mean values and standard deviation of femoris muscle myopotential amplitude [μV]
for three exercise groups (I, II, III) and three positions of upper limbs (A, B, C)

Type
of exercise Side Exercise group I

SDx ±
Exercise group II

SDx ±
Exercise group III

SDx ±
R 62.03±10.59 10.97±1.36 23.12±9.70A L 53.30±18.61 12.53±2.60 23.15±6.97
R 43.31±20.52 10.50±2.16 16.55±6.13B L 58.01±21.98 10.54±1.84 22.80±12.65
R 57.85±8.53 7.45±0.45 16.62±8.88C L 52.69±14.58 7.52±0.30 19.65±11.35

R – activity of the right side of rectus femoris, L – activity of the left side of rectus femoris.

Table 4. Values of variation coefficient (V ) of electrical activity of the following muscles:
RA – rectus abdominis, ES – erector spinae, RF – rectus femoris [%]

for three exercise groups (I, II, III) and three upper limb positions (A, B, C)

Group I Group II Group IIIType
of exercise Side

RA ES RF RA ES RF RA ES RF
R 51.92 71.52 17.07 54.1 47.97 12.4 40.38 37.08 41.95A L 23.52 36.88 34.91 32.5 27.00 20.75 22.49 34.50 30.11
R 46.7 45.53 47.38 44.56 61.07 20.57 35.73 41.90 37.04B L 31.64 20.76 37.89 32.94 16.47 17.46 31.92 22.13 55.48
R 14.4 12.95 14.74 27.68 28.97 6.04 24.33 26.71 53.43C L 45.97 13.90 27.67 32.81 10.03 3.98 31.47 20.48 57.76

R – variation coefficient of right side of muscle examined.
L – variation coefficient of activity of left side of muscle examined.
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significant differences between the bioelectric activity
of the right and left sides of the erector spinae. This is
testified by the test value of F = 35.20 for df = 106
and p = 0.00001 (table 2).

The NIR test revealed statistically significant dif-
ferences between the right and left sides of the ana-
lyzed muscle in each of the exercises in group III, in
group I at the upper limb positions B and C, in group
II at the upper limb positions A and C.

The statistical analysis (ANOVA) indicated in each
exercise group analyzed no statistically significant
differences in the electrical activity between the right
and left sides of rectus femoris (table 3).

Based on the variation coefficient values presented
in table 4, one can notice that the electrical activity of
the muscles examined shows very high statistically
significant variation. Only for the rectus femoris, the
two coefficients are below 10% (table 4).

4. Discussion

As numerous scientific studies claim, human body
is by nature asymmetric [14]. One can perceive the
morphological asymmetry connected with the differ-
ences between the left side and right side body structure
as well as the functional asymmetry connected with the
laterality resulting from the dominant role of one of the
cerebral hemispheres. A specific form of the functional
asymmetry is dynamic asymmetry manifesting itself
among others as differing muscular strength of the right
and left upper or lower limbs. However, the results of
the strength asymmetry tests are not unequivocal. The
research done by DWORAK [15]–[16] and DĘBICKA
[17] shows no asymmetry of isometric strength in chil-
dren aged 7–14. While other authors observed the
dominance of the right lower limb over the left one in
youth aged 15–19. The same authors report statistically
insignificant difference in the asymmetry of isometric
strength of lower limbs in adults aged 20–25.

MASZTALERZ and URBANIK [18] examined the
symmetry of dynamic strength and power of the lower
limbs. Their results are not unequivocal either. De-
pending on the load value, the movement range and
the movement speed in the joint, the torque and power
of the right or left limb change. A change in the test
conditions affected the dominance, or lack of it, of the
right or left lower limb.

The spine stabilisation is performed both by lum-
bar and abdominal muscles. The main stabilizing ac-
tivity is connected with the so-called prime and sec-
ondary stabilisers. In our study, we analyze the activity

of muscles which under normal conditions perform
mobility functions and only take on the stabilising
function when there is a need for it. Therefore, it was
assumed that in isometric exercises of abdominal
muscles, the activity of the m. rectus abdominis and
the m. erector spinae should show symmetry in the
right and left parts of these muscles. The m. rectus
abdominis showed symmetry in its activity while the
m. erector spinae was involved in activity in the right
side higher than in the left one. The asymmetry of
lumbar muscles was also reported in a study examin-
ing the EMG activity of erector spinae and trapezius.
In all the exercises analysed, the dominance in the
electrical activity of the right side of the muscles was
observed. On the other hand, AXLER and McGILL [19]
reported a different pattern of asymmetry. Rectus
abdominis showed higher activity in its left side than
in the right one. External oblique and internal oblique
were more active in the right side. The authors men-
tioned above examined the muscular symmetry in
dynamic abdominal sit-up exercises.

Our study indicates symmetry in the activity of the
rectus abdominis and asymmetry (dominance of the
right side) of erector spinae irrespective of external
load. This may result from the fact that the experiment
test subjects were not previously active sportsmen.

Acknowledgements

This work is supported by the research grant N N404 155834
from the Polish Ministry of Science and Higher Education.

References

[1] Van TULDER M., KOES B., ROUTER L., Conservative treatment
of acute and chronic non-specific low back pain, Spine, 1997,
22(18), 2128–2156.

[2] NORRIS C.M., Functional load abdominal training: part 1, Journal
of Bodywork and Movement Therapies, 1999, 3(3), 150–158.

[3] RICHARDSON C., JULL G., Muscle control–pain control. What
exercises would you prescribe? Manual Therapy, 1995, 1, 2–10.

[4] ANDERSSON E.A., NILSSON J., MA Z., THORSTENSSON A.,
Abdominal and hip flexor muscle activation during various
training exercises, European Journal of Applied Physiology,
1997, 75(2), 115–123.

[5] AVEDISIAN L.D.S., KOWALSKY R.C., ALBRO R.C., GOLDNER
D., GILL R.C., Abdominal strengthening using the AbVice ma-
chine as measured by surface electromyographic activation
levels, The Journal of Strength and Conditioning Research,
2005, 19(3), 709–712.

[6] COBURN J.W., HOUSH T.J., CRAMER J.T., WEIR J.P., MILLER
J.M., BECK T.W., MALEK M.H., JOHNSON G.O., Mechanomyo-
graphic and electromyographic responses of the vastus me-
dialis muscle during isometric and concentric muscle actions,
The Journal of Strength and Conditioning Research, 2005,
19(2), 412–420.



A. RUTKOWSKA-KUCHARSKA et al.30

[7] STERNLICHT E., RUGG S., Electromyographic analysis of ab-
dominal muscle activity using portable abdominal exercise
devices and a traditional crunch, The Journal of Strength and
Conditioning Research, 2003, 17(3), 463–468.

[8] STERNLICHT E., RUGG S.G., BERNSTEIN M.D., ARMSTRONG
S.D., Electromyographic analysis and comparison of selected
abdominal training devices with a traditional crunch, The
Journal of Strength and Conditioning Research, 2005, 19(1),
157–162.

[9] HODGES P.W., RICHARDSON C.A., Contraction of the ab-
dominal muscles associated with movement of the lower limb,
Physical Therapy, 1977, 77, 132–144.

[10] SALVO V.D., PARISI A., BUONOMINI C., IELLAMO F., PIGOZZI F.,
Abdominal and lumbar muscles strength gains using two types of
sit-up exercises, Biology of Sport, 2002, 19(4), 303–328.

[11] De LUCA C.J., Surface electromyography: detection and
recording, Delsys Inc., 1996.

[12] ABRAHAMS P., HUTCHINGS R.T., MARKS Jr. S.C., A Colour
Atlas of Human Anatomy, (4 th ed.), Mosby, 1998.

[13] ANDERS Ch., WAGNER H., PUTA Ch., GRASSME R.,
PETROVITCH A., SCHOLLE H.Ch., Trunk muscle activation
patterns during walking at different speeds, Journal of Elec-
tromyography and Kinesiology, 2007, 17, 245–252.

[14] OSIŃSKI W., Antropomotoryka (Kinesiology), AWF, Poznań,
2003.

[15] DWORAK B.L., Naturalny trend siły wybranych zespołów
mięśniowych w ontogenezie dzieci i młodzieży wielkomiejskiej
populacji – inspiracje biomechaniczne, Seria: Monografie,
Nr 283, AWF, Poznań, 1990.

[16] DWORAK B.L., WOJTKOWIAK T., Strength asymmetry of
the muscles extending lower limbs among males [in:] The
aspects of age and different physical activity patterns, 3rd
International Conference of Sport Kinetics, 1993, 121–
125.

[17] DĘBICKA J., The level of static and dynamic muscle strenght
and the speed of the upper limbs movements according to the
functional domination in 7-year old girls and boys, Antropo-
motoryka, 2003, 26, 41–46.

[18] MASZTALERZ A., URBANIK CZ., The symmetry estimation of
biomechanical parameters for lower extremities of untrained
men, Acta of Bioengineering and Biomechanics, 2001, 3(2),
343–348.

[19] AXLER C.T., MCGILL S.M., Low back loads over a variety of
abdominal exercises: searching for the safest abdominal
challenge, Medicine & Science in Sports & Exercise, 1997,
29(6), 804–811.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


