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Influence of localized muscle fatigue of the knee joint on gait
parameters related to slip propensity

Prakriti Parijat, School of Biomedical Engineering and Sciences, Virginia Tech
Thurmon E Lockhart, Industrial and Systems Engineering, Virginia Tech

Existing epidemiological evidence suggests that localized muscle fatigue might be considered as
an intrinsic risk factor that causes lack of balance control leading to falls. The goal of the study
was to examine how localized muscle fatigue of the knee joint (quadriceps) alters gait parameters
that are related to slip propensity. Sixteen healthy young participants were recruited to walk
across a vinyl floor surface in two different sessions (Fatigue and No fatigue). Kinematic and ki-
netic data were collected using a three-dimensional video analysis system and force plates during
both sessions. The fatigue session results indicated a substantial increase in heel contact velocity
(HCV) and required coefficient of friction (RCOF), as well as a decrease in the transitional accel-
eration of the whole body COM (TA), walking velocity (WV), and step length (SL). In addition,
a positive correlation was observed between RCOF and HCV. These findings provide new in-
sights into the biomechanical relationship between localized muscular fatigue and gait parameters
linked with slip propensity. The study concluded that localized muscular fatigue affects gait pa-
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rameters and hence can be considered as a potential risk factor for slip-induced falls.

INTRODUCTION

Occupational fall accidents remain a major cause
of a considerable number of injuries and fatalities among
the American workforce. According to the Bureau of
Labor Statistics (2003), nearly 30% of workers who sus-
tained injuries from slips and falls missed 31 days of
work or more. Further, 14% of accidental deaths in the
workplace were reportedly caused by falls (Bureau of
Labor Statistics, 2004). The annual direct cost of occu-
pational injuries due to slips and falls in the U.S. has
been estimated to be in excess of 6 billion U.S. dollars
(Courtney et al., 2001); the injuries are also the cause of
a serious public health problem with costs expected to
exceed $43.8 billion by the year 2020 in the U.S.

Localized muscle fatigue (LMF) has been re-
cently identified as one of the major intrinsic factors
contributing to slip and fall accidents (Bentley and
Haslam, 2001). Existing evidence (Lipscomb, 2006;
Hsiao and Siemonov, 2001) provides convincing argu-
ments that localized muscle fatigue (LMF) can disrupt
the quality of the signal from the periphery responsible
for effective balance and control. Although there has
been a reduction of heavy work due to growing techno-
logical advances, some occupations such as construction
and forestry still demand intense physical work. The Lit-
erature indicates that a third of the U.S. workforce exerts
significant physical strength on the job and experience
fatigue in the work place (Swaen et al., 2003). It has
been identified in the past that changes in gait character-
istics influence the risk of slips and falls (Lockhart et al.,

2003, Ferber et al., 2002). As the lower extremities are
the prime movers during a gait cycle, LMF of this mus-
culature might have detrimental effects on gait character-
istics, which in turn might increase slip propensity. More
specifically, the function of the knee joint has been re-
ported in terms of producing large flexion and extension
moments while recovering from a slip (Liu et al., 2006).
It has been demonstrated that fatigue of the knee exten-
sors and hip flexor muscles cause significant decreases
in stabilization time compared with the fatiguing of other
muscle groups (Miller et al., 1976). The quadriceps and
the hamstring musculature aid in control of the knee
flexion and extension, and fatiguing these muscle groups
may further influence the gait characteristics. While epi-
demiological studies link the incidence of slip-induced
falls with muscle fatigue, the relationship of LMF with
slip-induced fall accidents remains unclear. The purpose
of the present study was to examine how localized mus-
cle fatigue of the knee joint (quadriceps) alters gait pa-
rameters.

METHODS

Sixteen healthy young adults (10 males and 6
females) participated in the study. Informed consent was
approved by the Institutional Review Board (IRB) of
Virginia Tech and was signed by all the participants. The
participants (mean age 24.66 + 3.58 years, height 174.86
+7.67cm, weight 65.86 £ 10.93Kg) did not have any
lower extremity musculoskeletal injury in the past. The
experiment consisted of two different sessions, fatigue
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(F) and no fatigue (NF), within a period of a week.
These sessions were completely randomized for all the
participants. Walking trials were conducted on a linear
walkway (1.5 x 15.5m) embedded with two force plates
(Bertec Corporation). Twenty three reflective markers
were placed over the various bony landmarks of the par-
ticipants. The marker configuration of the whole body
model was similar to previous studies (Lockhart et al.,
2003). A six-camera ProReflex system (Qualisys Medi-
cal AB, Gothenburg, Sweden) was used to collect three-
dimensional position data of the participants while walk-
ing. Uniform experimental shoes were provided to par-
ticipants to minimize shoe sole differences. A fall arrest-
ing rig was used for safety. In the NF session, partici-
pants were instructed to walk at self-pace across the lin-
ear walkway for 20 minutes. Force plate and marker data
were collected once the participants felt comfortable
walking with the harness.

Bilateral quadriceps fatigue was induced using
isokinetic exertions of the knee during the F session.
Fatigue inducement procedures were similar to those
recently described by Yaggie and McGregor (2002),
with the exception that bilateral fatigue of the quadriceps
was employed. A special bilateral knee attachment was
constructed for the Biodex which essentially worked the
same as with one knee attachment. The attachment al-
lowed the participants to extend and flex both their
knees together. The extensions were performed at
60°/sec, a value consistent with earlier fatigue protocols
(Kay et al., 2000). Participants were allowed to perform
a 5 minute warm up on the Biodex, and then their MVE
(maximum voluntary exertion) baseline measure was
recorded. During the warm up session, participants were
told to use both their knees equally for the extensions.
After the baseline measure was recorded, participants
performed bilateral knee extensions repeatedly against a
resistance set at 70% of their determined maximum vol-
untary exertion (MVE). Visual feedback was provided to
the participants for their current and target moment lev-
els. An MVE was performed at regular intervals (5 min-
utes) until the participants reached 60% of their baseline
MVE,; this was considered as the fatigue state (within
30-50 minutes of exertions).

In the F session, participants were asked to walk
on the walkway following which they were brought to
the Biodex and fatigue was induced using the above
method. Immediately after the fatiguing protocol (within
1 minute), the participants were asked to walk across the
walkway, and data was collected to represent their fa-
tigue walking.

The required coefficient of friction (RCOF), heel
contact velocity (HCV), transitional acceleration of the
whole body COM (TA), walking velocity (WV), and

step length (SL) were compared for the two different
sessions to evaluate the effects of fatigue. These meas-
ures have been used as indicators of slip severity in pre-
vious studies (Lockhart et al., 2003). Fatigue status (NF
and F) was the independent variable. A repeated measure
one-way analysis of variance (ANOVA) was employed
to predict statistical significance. A within subject design
was considered where the same subjects were used be-
fore and after a treatment condition (F and NF). The de-
scriptive and inferential statistics were performed in the
JMP and SAS statistical packages. The level of signifi-
cance was set at 0.05. Bivariate analysis was performed
to examine the correlation between the different depend-
ent measures.

RESULTS

The one way ANOVA indicated that the partici-
pants walked with a higher HCV in the F session
(F(1,31) = 33.86, p = 0.01) as compared to the NF ses-
sion (Figure 1). The TA in the forward direction was
observed to be slower during the F session (F(1,31) =
3.85, p = 0.04) as compared to the NF session. Partici-
pants walked with a slower speed (WV) after fatigue
exertions, but the differences were not statistically sig-
nificant (F(1,31) = 1.52, p = 0.08) (Table 1).
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Figure 1. Heel contact velocity (HCV) during Fatigue and No
Fatigue sessions

Consistent patterns of RCOF were observed dur-
ing both the sessions in all the participants (Figure 2). It
was also observed that the RCOF was higher during the
fatigue session (F(1,31) = 9.73 p = 0.04) (Table 1). Par-
ticipants walked with shorter SL during the F session,
but the differences were not statistically significant. The
mean and standard deviation with the statistical results
are provided in Table 1.



PROCEEDINGS of the HUMAN FACTORS AND ERGONOMICS SOCIETY 51st ANNUAL MEETING—2007 896

Table 1. Summary of gait parameters (HCV-heel contact velocity, WV- walking velocity, RCOF-required coefficient of friction,
TA- whole body COM transitional acceleration, SL- step length) * p<0.05

Variables No Fatigue Fatigue ANOVA
Mean(S.D) Mean(S.D)
HCV (cm/s) 81.94 (51.22) 97.83(66.67) *
WV (cm/s) 127.02(14.42) 119.29(20.32) N.S
RCOF 0.19(0.007) 0.22(0.005) *
TA(cm/s’) 199.21(41.27) 159.27(57.16) *
SL (cm) 71.4(1.68) 69.7(1.68) N.S

The bivariate analysis indicated that HCV and
RCOF were positively correlated (r=0.39, p=0.026). In
addition, there was a negative correlation between HCV
and TA (r=-0.37, p=0.03). The TA in the forward direc-
tion was observed to be slower during the F session
(F(1,31) = 3.85, p = 0.04) as compared to the NF ses-
sion. Participants walked with a slower speed (WV) after
fatigue exertions, but the differences were not statisti-
cally significant (F(1,31) = 1.52, p = 0.08).
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Figure 2. Ensemble average of the required coefficient of fric-
tion (RCOF) during Fatigue and No Fatigue sessions.

DISCUSSION

The purpose of this study was to examine the ef-
fects of localized muscle fatigue of the knee joint on dif-
ferent gait parameters and friction demand characteris-
tics that are indicative of slip propensity. The results in-
dicated that participants walked with a higher HCV after
the fatigue trials. Heel contact velocity is considered im-
portant in terms of kinematic gait parameters as it can
drastically change the friction demands while walking. It
has been studied that HCV affects the required coeffi-
cient of friction (RCOF) by altering the ratio of horizon-
tal to vertical foot forces (Lockhart et al., 2003). The

results are consistent with the study by Saggini et al
(1998) who examined the effects of localized muscle
fatigue on the lower extremity and concluded that fa-
tigue increased the gait cycle time and also increased the
horizontal heel velocity.

The bivariate analysis suggested a positive cor-
relation between HCV and RCOF, indicating that the
RCOF increased with an increase in the HCV. A higher
heel contact velocity was considered to increase the like-
lihood of slip-induced falls in previous studies (Karst et
al., 1999, Mills and Barrett, 2001). A likely factor influ-
encing the higher HCV may be a decrease in the ham-
string activation rate (Lockhart et al., 2003). The co-
activation of hamstring and quadriceps muscles is impor-
tant in heel contact dynamics. LMF of the quadriceps
may influence this process and thereby increase the
HCV. In this study, we did not control the walking ve-
locity of the participants. Reduction in WV has been
identified as a risk factor for slip induced falls in the eld-
erly (Kim et al., 2005). Although implicated, no signifi-
cant difference in WV was observed in this study. This
might be attributed to the differences in individual
strategies used to adapt gait speed after fatigue.

During an external perturbation like a backward
slip, the speed of the forward momentum of the body is
essential, and an inability in producing this momentum
might result in a fall. The TA is an important parameter
in assessing this forward momentum of the body. It was
observed in this study that after the fatigue session, TA
in the sagittal plane was reduced. This is in agreement
with past studies where it was observed that lower ex-
tremity fatigue affected the back acceleration (Yoshino
et al., 2004). Lockhart et al. (2003) indicated that a re-
duced push-off force of the stance leg further reduced
TA and increased RCOF and risk of slip initiation. This
indicates that a reduction in the TA due to localized
muscle fatigue is likely to increase the friction demand at
the shoe floor interface of the contacting foot.

In terms of kinetic gait parameters, the results
indicated a higher RCOF after the fatigue session. Previ-
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ous studies have observed that the onset of lower ex-
tremity fatigue during walking changed the loading rate
and increased the ground reaction forces [25]. As RCOF
is dependent on the ground reaction forces (horizontal
and vertical), this would mean that increased ground re-
action forces due to fatigue will alter friction demand
characteristics. Furthermore, Lockhart et al. (2003) indi-
cated that a reduction in TA is likely to increase the fric-
tion demand at the shoe floor interface of the contacting
foot. Increased initial friction demand (i.e., RCOF)
would lead to a higher likelihood of slips associated with
low coefficient of friction floor surfaces. It has been ob-
served previously that HCV was a predictor variable for
RCOF in the older adults and both TA and HCV were
predictor variables for RCOF in younger adults (Kim et
al., 2005). This is in accordance with the current study.
Further biomechanical analysis of these parameters and
other variables like joint moment and muscle activity
will be required to clearly predict the relationship be-
tween LMF of the knee and slip propensity.

One of the limitations of the study was that each
participant reached their fatigue level at a different time.
These limitations can affect the results due to the differ-
ence in the fatigue level of each individual. Although
implicated, the assumption that 60% of baseline MVE as
the fatigue state prior to testing ensured that all partici-
pants were fatigued at similar levels. Previous studies on
the difference between the strength in unilateral and bi-
lateral exertions have produced equivocal results
(Khodiguian et al., 2003). However, a study by Jacobi et
al. (1998) concluded that the force production is not al-
tered during bilateral contractions. Bilateral fatigue was
induced in the current study to simulate a more realistic
scenario where both limbs are fatigued (i.e., walking).

The data from the results of this study can be
used as preliminary information on the effects of fatigue
on some specific gait parameters and fall outcomes.
Some conclusions can be drawn from the study regard-
ing which parameter was most affected by fatigue, and
further in depth analysis of those parameters can be un-
dertaken to confirm the results.

CONCLUSION

The major findings of the study concluded that
localized muscle fatigue of the knee alters the important
gait parameters that are linked to an increased risk of slip
induced fall accidents. Future research will investigate
the effects of fatigue on balance control from an actual
perturbation (slip). A better understanding of potential
risk factors affecting slip induced falls can facilitate in
the development of fall prevention strategies (work/rest
cycle schedule, fatigue monitors, exercises).

REFERENCE

Bentley, T. A. & Haslam, R. A. (2001). "Identification
of risk factors and countermeasures for slip, trip and fall
accidents during delivery of mail." Applied Ergonomics
32:127-134.

Cohen, H. H. & Lin, L. (1991). "A retrospective case-
control study of ladder fall accidents." Journal of safety
research 22: 21-30.

Courtney, T. K. et al., (2001). "Occupational slips, trips,
and fall-related injuries- can the contribution of slipperi-
ness be isolated?" Ergonomics 44: 1118-1137.

Ferber, R., et al., (2002). "Relative balance adjustments
to unexpected perturbations during human walking."
Gait & Posture 16: 238-248.

Hsiao, H. & Siemonov, P. (2001). "Preventing falls from
roofs: a critical review." Ergonomics 44: 537-561.

Jakobi JM, Cafarelli E. Neuromuscular drive and force
production are not altered during bilateral contractions. J
Appl Physiol, 1998; 84:200-206.

Karst, G. M., et al., (1999). "Reliability of foot trajectory
measures within and between testing sessions." J Geron-
tol 5A: M343-347.

Kay.D., et al., (2000). "Different neuromuscular recruit-
ment patterns during eccentric, concentric and isokinetic
contractions." Journal of ELectromyography and Kine-
siology 10: 425-431.

Khodiguian N, Cornwell A, Lares E, DiCaprio PA,
Hawkins SA. Expression of the bilateral deficit during
reflexively evoked contractions. J Appl Physiol,
2003;94(1): p. 171-178.

Kim S, Lockhart TE, Yoon HY. Relationship between
age related gait adaptations and required coefficient of
friction. Safety Science, 2005; 43: 425-436.

Lockhart T. E., et al., (2003). "Effects of age-related gait
changes on biomechanics of slips and falls." Ergonomics
46(12): 1136-1140.

Mills, P. M. & Barrett, R.S. (2001). "Swing phase me-
chanics of healthy young and elderly men." Hum. Move.

Sci. 20: 427-446.

Miller PK, Bird AM. "Localized muscle fatigue and



PROCEEDINGS of the HUMAN FACTORS AND ERGONOMICS SOCIETY 51st ANNUAL MEETING—2007 898

dynamic balance. " Percept Mot Skills, 1976;42:135-8.

Saggini, R., et al., (1998). "Alteration of spatial-temporal
parameters of gait in chronic fatigue syndrome patients."
J Neurol Sci 154: 18-25.

Swaen, G. M. H., et al., (2003). "Fatigue as a risk factor
for being injured in an occupational accident: results
from the Maastricht Cohort Study." Occup Environ Med
60(Suppl I): 188-192.

Syed 1Y, Davis BL. Obesity and osteoarthiritis of the
knee: hypotheses concerning the relationship between
ground reaction forces and quadriceps fatigue in long-
duration walking. Medical Hypotheses, 2000;54(2):182-
185.

Yaggie, J. & Mcgregor, S.J. (2002). "Effects of isoki-
netic ankle fatigue on the maintenance of balance and
postural limits." Archival of Physical Medicine and Re-
habilitation 83: 224-228.

Yoshino, K., et al., (2004). "Effect of prolonged free-
walking fatigue on gait and physical rhythm”. Journal of
Biomechanics 37: 1271-1280.




<<
  /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


