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Ground Reaction Force and Valgus Knee Loading during
Landing after a Block in Female Volleyball Players

by

David Zahradnik!, Jaroslav Uchytil', Roman Farana', Daniel Jandacka’

A non-contact anterior cruciate ligament (ACL) injury is both a serious and very common problem in
volleyball. The aim of the study was to determine the association between stick, step-back, and run-back landings after a
block and select risk factors of ACL injuries for female professional volleyball players. The research sample involved
fourteen female professional volleyball players. Two force plates were used to determine ground reaction forces. Eight
infrared cameras were employed to collect the kinematic data. The one-factor repeated-measures analysis of variance,
where the landing type was the factor, was used for comparing the valgus moment and ground reaction force on the
right lower limb. ANOVA showed that the type of landing has a main effect on the valgus moment on the right lower
limb (F) = 5.96, p = 0.019df = 1.18, partial n2 = 0.239 and SP = 0.693). Furthermore, it did not show a main effect on
the vertical reaction force on the right lower limb ((F)=2.77, p=0.090, df=1.55, partial n2= 0.128 and SP=0.448). The
highest valgus moment occurred during the run-back landing. This moment, however, did not have any effect within
the first 100 ms after initial contact with the ground, but rather upon the subsequent motion carried out when stepping
back off the net. A comparison between a run-back landing and a step-back landing showed relevant higher values of
vertical ground reaction forces during the run-back landing.
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Introduction

Non-contact anterior cruciate ligament
(ACL) injuries occur primarily in youth, healthy
individuals as a result of sudden changes in
direction or speed during physical activities
(Hewett et al., 2007). This type of knee joint
injuries are the most common injuries in
volleyball (Decker et al., 2003), and requires
medical intervention (Ferretti et al., 1992). A much
greater incidence of ACL injuries in volleyball
occurs in women (Ferretti et al., 1990). The largest
number of ACL injuries occurs during the second
decade of life (Griffin, 2007).

A  take-off followed by a landing
maneuver are the essential fundamentals of
techniques regarding attacks, blocks and jump
serves in volleyball. During the landing phase it is
the ankle, knee and hip joints which are exposed

to stress resulting from the action of ground
reaction forces. The impact that the reaction forces
have on the joints of the lower limbs has already
been dealt with by a number of authors (Decker et
al., 2003; Ortega et al., 2010; Podraza and White,
2010; Salci et al.,, 2004; Seegmiller and McCaw,
2003). Hewett et al. (2005) defined risk factors (the
abduction angle in the knee joint, dynamic valgus
moment and high ground reaction forces)
predicting the incidence of ACL injuries in
women's volleyball, basketball and soccer through
a prospective study of 205 women.

In order to fulfill the objective of the
game, players are forced to reduce the period of
landing to a minimum. There are two basic
landing situations that occur when blocking a
volleyball spike: 1) a successful block; and 2) an
unsuccessful block. A successful block is
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characterized by the completion of a particular
play (the ball lands on the opponent’s side of the
net after a block) and the player is not subject to
time pressure upon landing. Because there is no
time pressure on the player during a successful
block landing, they have the opportunity to
possibly alter their mechanics during landing. An
unsuccessful block is characterized by the
continuation of the game (after contact with an
attempted block the ball continues onto the
blocker’s side of the net, where it is continuously
played for a following attacking action) and the
player is forced, upon landing, to step back away
from the net prior to a subsequent attacking
action. In this case, the player must react to the
game situation and may not have sufficient time
to land safely.

There are several landing techniques used
by volleyball players in the situations of
successful and unsuccessful blocks. Three of these
are the stick, the step-back and the run-back
landing. Players usually use a stick and a step-
back landing in case of a successful block and a
run-back landing in case of an unsuccessful block.
A stick landing is one in which the landing does
not contain a subsequent move. The feet are
relatively parallel at the instant of ground contact
and the player is able to stand upright without
over-balancing. A step-back landing is a
modification of the stick landing. The feet are
relatively parallel at the instant of ground contact
and the player performs a free step away from the
net with the right foot immediately upon landing.
A run-back landing is a part of the game strategy
and results in a run back as quickly as possible
away from the net to a distance of approximately
3 m immediately upon landing. The feet are
relatively parallel at the instant of ground contact
and the player carries out a first step backwards
with right lower extremity immediately upon
landing. These movements can have an impact on
biomechanical factors that present a risk for the
occurrence of ACL injuries. The aim of this study
was to determine the association between stick,
step-back, and run-back landings after block
maneuvers and selected risk factors of ACL
injuries in female professional volleyball players.
It was hypothesized that the type of landing after
the block maneuvers in volleyball would affect
the valgus moment and the vertical ground
reaction force. We anticipated that the run-back
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landing would increase the values of these two
variables.

Material and Methods

Participants

Fourteen elite female volleyball players
(age 22.5 + 4.6 years; body height 180.9 + 0.1 cm;
body mass 72.3 + 8.3 kg) participated in this study.
All of them were centre blockers, receiver-hitters
and universal players with 2 to 14 years of
experience playing in the top league. None of
them had any previous history of hip, knee or
ankle injuries. At the time of testing, they had no
such injuries that would prevent them from
performing any physical activities for more than
two weeks over the previous six months (Dai et
al., 2010). The participants were provided with an
oral explanation of the objectives and procedures
of the research before being tested. All of the
procedures used in this study were approved by
the Research Ethics Committee of the Diagnostic
Center. The data presented in this paper are from
the same participant groups as that reported in
Zahradnik et al. (2013).

Protocol

The subjects visited the laboratory on two
different days, with an interval of 24 hours, and
performed an identical protocol on each day. The
experimental setting was based on a real situation
of a block maneuver in a volleyball match. The
upper edge of the net was at a height of 224 cm
above the ground. To normalize the height of the
jump, a static volleyball was suspended in the
space above the net. The centre of the ball was
located 15 cm above the edge of the net and 10 cm
behind the edge of the net on the opponent’s side
of the court. The data for both dynamic and
kinematic analyses were collected from the
following three types of landing: stick landing,
step-back landing and run-back landing (Figure
1). A stick landing that is not followed by a
subsequent movement is defined as a landing
maneuver ending with both lower limbs on the
ground with an intentional extension of the
landing period achieved by a sufficient flexion in
the knee joint. A step-back landing is
characterized by a free step away from the net
performed with the right foot immediately upon
landing. A run-back landing is defined as an
immediate stepping away from the net to a
distance of 3 m that is initiated immediately upon
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landing by stepping back with the right foot. The
subjects were informed of the game situation at
the instant of contact (block) with the ball above
the net by an acoustic signal. In three situations,
the subjects were motivated to execute the
landing so that it reflected the situation in a match
as close as possible. A warm-up was followed by
five practice attempts. Then the subjects had to
perform four successful attempts at a stick
landing, step-back landing and run-back landing.
The randomness of the selection of the individual
experimental situations was controlled by the
examiner. The subjects were asked after each
attempt whether the executed block corresponded
with a real situation in a match. If the player's
feedback was negative, the attempt was repeated.
The attempt was also repeated when the subjects
failed to land on the force plate with the correct
foot. A successful attempt was the one in which
each foot of the player landed on a separate force
platform.

Experimental set-up

Two force plates (Kistler, 9286 AA,
Switzerland) embedded into the floor were used
to determine the ground reaction force data at a
sampling rate of 1235 Hz. Simultaneously, a
motion-capture system (Qualisys Oqus, Sweden)
consisting of eight infra-red cameras was
employed to collect the kinematic data at a
sampling rate of 247 Hz. The calibration markers
were placed bilaterally on the lateral and medial
malleoli, medial and lateral femoral condyles,
greater trochanter of the femur and on the shoe
over the first and fifth metatarsal heads. The
tracking markers were securely positioned to
define the trunk (acromion), pelvis (iliac crests,
posterior superior iliac spines), thighs and shanks
(four light-weight rigid plates holding a
quaternion of markers) and shoe (triad of markers
on the heel over the calcaneus).

Data analysis

Both kinetic and kinematic data were
processed using Visual3D software (C-motion,
Rockville, MD, USA). The scope of movement
being monitored started at the moment when the
ground reaction force on the force plate
(connected with the lower limb) exceeded 20 N
and finished either when a step-back landing had
a final positive value from the ground reaction
force or when a stick landing finished with the
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return of the subject to the default upright
position, i.e. standing up. All lower limb segments
were modelled as frusta of right circular cones,
while the pelvis and trunk were modelled as
cylinders. The local coordinate systems were
defined using a standing trial operation. The
coordinate data were low-pass filtered using a 4th
order Butterworth filter with a 12 Hz cutoff
frequency. All data collected from the force plates
were low-pass filtered using a 4th order
Butterworth filter with a cutoff frequency of 50
Hz. Six degrees of freedom were collected for each
segment from motion reflexive markers for the
corresponding segment. This was followed by
calculating the three dimensional angles in the
ankle, knee and hip joints using the Cardan
sequence Xyz (Hamill and Selbie, 2004a).

The analysis in this article includes data
related to the right lower limb only. Net moments
of force in the joints were calculated using the
inverse dynamics technique (Hamill and Selbie,
2004b). The ground reaction force was normalized
to body weight (in Newtons) and valgus moment
was normalized to body weight (in Newtons) and
height (in metres) (Hughes et al, 2010). The
valgus moment of force on the right lower limb
was calculated using the technique by Hamill and
Selbie (2004b). The proximal local coordinate
system of the knee was oriented so that the valgus
moment in the frontal plane of the thigh provided
positive numbers and initiated a tendency
towards adduction (the movement of the calf
toward the middle plane).

Statistical analysis

All of the analyzed variables were
normally distributed (Shapiro-Wilk test). The
intraclass correlation coefficient (ICC) was applied
for the assessment of the measurements' reliability
(Hopkins, 2000). An ICC value higher than 0.7
was considered to be adequately reliable
(Nunnally and Bernstein, 1994). The one-factor
repeated-measures ANOVA (factor: a type of
landing) was used for comparing the vertical
ground reaction force and the valgus moment on
the right lower limb. If the Mauchly's test result
was significant, Greenhouse-Geisser corrections
were used. This was followed by carrying out
Bonferroni pairwise
significance of the impact that the types of
landing had on the dependent variables was
evaluated with the use of the Eta squared index

comparisons. The
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(Cohen, 1973). Since the one-factor analysis of
variance was used, we considered that the partial
value 1?2 <0.009 represented a trivial effect, partial
n?=0.009-0.0588 a small effect, partial n2= 0.0588-
0.1379 a medium effect and partial n? > 0.1379 a
large effect (Cohen, 1988). The statistical power of
the test (SP) was formulated in accordance with
the Cohen's study (1962). Statistical significance
was set for all of the tests at the level of p <0.05.
All statistical procedures were performed using
an IBM SPSS 20.

Results

The intraclass correlation coefficient (ICC)
determined based on repeated
measurements of vertical reaction forces and the
valgus moment on the right lower limb for all
three types of landing. The average value of the
ICC in case of the stick landing was 0.799 (ranging

was eight

from 0.511 to 0.947), in case of the step-back
landing it equaled 0.928 (ranging from 0.826 to
0.981) and in case of the run-back landing it was
0.891 (0.736 to 0.971).

The
showed a main effect of a type of landing on the
valgus moment on the right lower limb (F =5.96, p
=0.019, df =1.18, partial n? =0.239 and SP =0.693).
The
Bonferroni corrections showed that there was a

one-factor analysis of variance

subsequent pairwise comparison using
significantly higher valgus moment on the right
lower limb during a run-back landing than during
a step-back landing (p < 0.042). In addition, no
major correlation was verified between a specific
landing type and the vertical reaction force on the
right lower limb (F = 2.77, p = 0.090, df = 1.55,
partial n2=0.128 and SP = 0.448).
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Figure 1
Types of landing
Table 1
Mean values and standard deviation of the normalized valgus moment
(Nm/body weight-height) and normalized vertical ground reaction forces
(body weight) on the right lower limb generated
during the execution of three types of landing (n=14)
Stick landing Step-back landing Run-back landing
M SD M SD M SD
Valgus moment (Nm/BW-height) 0.014 0.007 0.015 0.010 2 0.021 0.0172
Vertical ground reaction force 2.10 0.50 1.96 0.39 2.10 0.38
(BW)
The same lettering located on the right following both
mean and standard deviation values shows
a statistically significant difference (p<0.05)
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Vertical ground reaction forces (n=14)

Discussion

The aim of this study was to determine
the influence of stick, step-back and run-back
types of landing after a block maneuver on the
selected risk factors of ACL injuries in
professional female volleyball players.

The incidence of anterior cruciate
ligament injuries is many times more common
among females than males (Shea et al., 2004).
Marshall et al. (2007) claimed that there have been
only two studies dealing with ACL injuries in
volleyball within the last decade. Landing
following a take-off is a primary non-contact
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mechanism causing ACL injuries in women's
volleyball and basketball (Ferretti et al., 1992;
Kirkendall and Garrett, 2000). Women, in general,
keep a much greater valgus angle during the
landing maneuver (Ford et al., 2003; Padua et al.,
2004). It has been proven that knee valgus loading
increases stress on the anterior cruciate ligament
(Lloyd and Buchanan, 2001). According to Hewett
et al. (2005), landing in a dynamic valgus position
is seen as potentially harmful for the knee joint.
Furthermore, the valgus moment in the knee joint
is perceived as a predictive factor of ACL injuries
(73%). In their study, Hewett et al. (2005)
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compared nine female athletes who suffered from
ACL rupture during sport activities over the
course of six months (on average) with female
athletes who did not suffer such an injury.

The main conclusion of the study is that
when a run-back landing maneuver is followed
by immediately stepping away from the net, as
opposed to a step-back landing, there is a
significantly higher valgus moment in the knee of
the right lower limb (Table 1). Our findings are in
accordance with the stated hypotheses. During
the stance phase (starting from the initial contact
with the ground and ending with maximum
flexion in the knee joint) it is common for the
valgus moment to occur first in all types of
landing. This is then followed by the varus
moment, which smoothly transforms into the
valgus moment in case of the stick landing and
step-back landing (Figure 2). It is surprising that
the valgus moment (Table 1), in case of the run-
back landing, is at its maximum when actively
moving away from the net. This phase, however,
is not shown in the graphs.

In addition, it was proven that at the point
when the athletes made contact with the ground
while executing the run-back landing, they put
their right lower limbs into internal rotation in the
knee joint, which gradually transformed into
external rotation. This is in contrast to stick
landings and step-back landings, during which
only external rotation in the knee joint on the right
lower limb was observed (Figure 3). McLean et al.
(2005) assumed that the increased abduction in
women's knee joints, when combined with an
increased variability of tibia rotation, can
contribute to an increased risk of ACL injuries.
Myer et al. (2004) described a lower extremity
motion pattern that was associated with the risk,
such as ligament dominance in landing. Ligament
dominance in landing is defined as landing with
small knee flexion angle, significant medial knee
motion related to femoral adduction and internal
rotation, tibial external rotation, and high impact
ground reaction forces. The findings also showed
that there was a tendency during the execution of
a run-back landing for internal rotation caused by
the internal moment (Figure 4). Furthermore, the
knee joint in case of the run-back landing creates
external rotation of the knee while simultaneously
experiencing the net moment of internal rotation
by the action of passive structures of the knee
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joint. Such a combination of acting forces may
expose the anterior cruciate ligament to undergo
greater stress during the landing maneuver.

The largest abduction angle upon contact
with the ground was observed during the run-
back landing. Moreover, the progress of the
abduction angle in this type of landing shows a
much greater variability compared to the stick
landing and step-back landing (Figure 5). The
run-back landing probably places higher
demands on the neuromuscular awareness of the
physical activity. Our hypotheses of higher
demands on the neuromuscular awareness may
be supported by lower VGRF standard deviation
during the run back landing. From this point of
view, it seems that normalization probably was
not the reason for higher standard deviation of
the valgus moment during a run back landing.
Decreased neuromuscular control of the joint may
place increased stress on the passive ligament
structures (Li et al., 1999).

From the perspective of ground reaction
forces, the influence of the maximum values of the
vertical reaction force was observed as quite
significant in case of the run-back landing, as
opposed to the step-back landing (Figure 6).
Ground reaction force is understood as one of the
risk factors for the incidence of ACL injuries (Yu
et al., 2006). A step back after a block maneuver
could reduce the vertical reaction forces and meet
the requirements for a safe landing maneuver
after a block in women's volleyball.

Conclusion

The highest valgus moment, which is
considered to be a risk factor for ACL injuries,
occurs during the run-back type of landing. The
run-back landing also showed the highest vertical
reaction forces. It is desirable that coaches teach
players variations of landing. If a player has
enough time in the situation of an unsuccessful
block, a step-back landing should be used and
subsequently the player could accelerate
movement from the net. If a player does not have
time to use a step-back landing then they should
be trained to alternatively use their left and right
lower extremities to carry out subsequent take-
offs during their first steps from the net while
performing the run-back landing to avoid possible
chronic overloading of ACL.



74 Ground Reaction Force and Valgus Knee Loading during Landing after a Block

Acknowledgements

This project was funded by the University of Ostrava of Specific Students Grant 2013. This research was
presented in The 31st Conference of the International Society of Biomechanics in Sports, 7.-11.7.2013,
National Taiwan Normal University

References
Cohen J. The statistical power of abnormal-social psychological research: a review. | Abnorm Psychol, 1962;
63: 145-153

Cohen J. Eta-Squared and Partial Eta-Squared in Fixed Factor Anova Desings. Educ Psychol Meas,1973; 33:
107-112

Cohen ]. Statistical power analysis for the behavioural sciences. Hillsdale: Erlbaum; 1988

Dai B, Sorensen CJ, Gillette JC. The effects of postseason break on stabilometric performance in female
volleyball players. Sport Biomech, 2010; 9: 115-122

Decker M]J, Torry MR, Wyland D J, Sterett WI, Steadman R]. Gender differences in lower extremity
kinematics, kinetics and. Clin Biomech, 2003; 18: 662-669

Ferretti A, Papandrea P, Conteduca F. Knee Injuries in Volleyball. Sports Med,1990; 10: 132-138

Ferretti A, Papandrea P, Conteduca F, Mariani PP. Knee ligament injuries in volleyball. The Am ] Sport Med,
1992; 20: 203-207

Ford KR, Myer GD, Hewett TE. Valgus knee motion during landing in high school female and male
basketball players. Med Sci Sport Exer, 2003; 35: 1745-1750

Griffin LY. The Problem of ACL Injuries. In TE Hewett, SJ Shultz, LY Griffin, Understanding and Preventing
Noncontact ACL Injuries. Champaign,IL: Human Kinetics, 5-29; 2007

Hamill J, Selbie S. Three-Dimensional Kinematics. In GE Robertson GE Caldwell, ] Hamill, G Kamen, S
Whittlesey, Research methods in biomechanics. Champaign, IL: Human Kinetics, 35-52; 2004 a

Hamill J, Selbie S.Three-Dimensional Kinetics. In GE Robertson, GE Caldwell, ] Hamill, G Kamen, S
Whittlesey, Research methods in biomechanics. Champaign, IL: Human Kinetics, 145-162; 2004 b

Hewett TE, Myer GD, Ford KR, Heidt RS, Colosimo AJ, McLean SG, van den Bogert AJ, Paterno MV, Succop
P. Biomechanical Measures of Neuromuscular Control and Valgus Loading of the Knee Predict
Anterior Cruciate Ligament Injury Risk in Female Athletes A Prospective Study. Am | Sport Med,
2005; 33: 492-501

Hewett TE, Sultz SJ, Griffin LY. Understanding and Preventing Noncontact ACL Injuries. Champaign, IL:
Human Kinetics; 2007

Hopkins WG. Measures of Reliability in Sports Medicine and Science. Sports Med, 2000; 30: 1-15
Hughes G, Watkins J, Owen N. Differences between the sexes in knee kinetics during landing from
volleyball block jumps. Eur | Sport Sci, 2010; 10: 1-11

Kirkendall DT, Garrett WE. The anterior cruciate ligament enigma. Injury mechanisms and prevention. Clin
Orthop, 2000; 372: 64-68

Li G, Rudy TW, Sakane M, Kanamori A, Ma CB, Woo SL. The importance of quadriceps and hamstring
muscle loading on knee kinematics and in-situ forces in the ACL. | Biomech, 1999; 32: 395-400

Lloyd DG, Buchanan TS. Strategies of muscular support of varus and valgus isometric loads at the human
knee. | Biomech, 2001; 34: 1257-1267

Marshall SW, Padua D, McGrath M. Incidence of ACL Injury. In TE Hewett, S] Shultz, LY Griffin,
Understanding and Preventing Noncontact ACL Injuries. Champaign, IL: Human Kinetics, 5-29; 2007

McLean SG, Huang X, van den Bogert AJ. Association between lower extremity posture at contact and peak

Journal of Human Kinetics volume 40/2014 http://www.johk.pl




by Zahradnik D. et al. 75

knee valgus moment during sidestepping: Implications for ACL injury. Clin Biomech, 2005; 20: 863-
870

Myer GD, Ford KR, Hewett TE. Rationale and clinical techniques for anterior cruciate ligament injury
prevention among female athletes. | Athl Train, 2004; 39: 352-364

Nunnally JC, Bernstein IH. Psychometric Theory. New York: McGraw-Hill; 1994

Ortega DR, Bies EC, Berral de la Rosa FJ. Analysis of the vertical ground reaction forces and temporal factors
in the landing phase of a countermovement jump. | Sports Sci & Med, 2010; 9: 282-287

Padua DA, Marshall SW, Beutler Al, DeMaio M, Onate JA, Yu B, Guskiewicz KM, Garrett WE. Sex
comparison of jump landing kinematics and technique. Med Sci Sport Exer, 2004; 36: 5348

Podraza JT, White SC. Effect of knee flexion angle on ground reaction forces, knee moments and muscle.
Knee, 2010; 17: 291-295

Salci Y, Kentel BB, Heycan C, Akin S, Korkusuz F. Comparison of landing maneuvers between male and
female. Clin Biomech, 2004; 19: 622-628

Seegmiller JG, McCaw T. Ground Reaction Forces Among Gymnasts and Recreational Athletes in drop
Landings. | Athl Train, 2003; 38: 311-314

Shea KG, Pfeiffer R, Wang, JH, Curtin M, Apel PJ. Anterior cruciate ligament injury in pediatric and
adolescent soccer players: An anlysis of insurance data. | Pediatr Orthoped, 2004; 24: 623-628

Yu B, Lin, CF, Garrett WE. Lower extremity biomechanics during the landing of a stop-jump task. Clin
Biomech, 2006; 21: 297-305

Zahradnik D, Farana R, Uchytil ], Jandacka D. Effect of landing after block on valgoid load of knee
in volleyball players. Rehabilitdcia, 2013; 50: 205-214

Corresponding Author:

David Zahradnik

Human Motion Diagnostic Center, Varenska 40A 70200
University of Ostrava, Ostrava, Czech Republic

Phone: +420 603 16 79 04

Fax: +420 595 628 102

E-mail: david.zahradnik@osu.cz

© Editorial Committee of Journal of Human Kinetics




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /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 524288
  /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 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 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 (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


