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INTRODUCTION

Over the last 20 years, surgical simulation has evolved tremendously from bench models to “high-
fidelity” virtual reality surgical simulators. The main objective of these simulators is to acquire the
technical skills to be transferred to the operating room without any risk for patients. In this intent,
both simulator and the progression of the simulation training process (1) must be validated and
follow the standards (2). Nevertheless, a facet of surgical simulation lacks a deep consideration: the
haptic feedback, which is essential in most surgical procedures, is rarely assessed and the place of
haptic fidelity is unclear (3). Then, how can we determine the place of haptic fidelity in surgical
simulation training?

FIDELITY AND SIMULATION IN SURGERY

The definition of “fidelity” in healthcare simulation remains a major matter of debate. Fidelity is, in
essence, a multifactorial concept (4). It refers to sensory resemblance (auditory, visual, tactile) as
well as functional resemblance and, therefore, depends on the context and learning objectives. In
surgical simulation, fidelity has too often been reduced to “face validity” (i.e., the simulator “looks
like” the reality) and even more reduced to visual resemblance. The underlying concepts of “face
validity”—i.e., the perception of the user which contributes to simulator credibility, adhesion to it,
and enhance information retention and transfer to practice—are relevant but a visual resemblance
(closeness to the shape and color of the anatomical structures) is not sufficient to assess a surgical
simulator. This is why “face validity” is not part of the Standards for Educational and Psychological
Tests and Manuals (2) even if it continues to be wrongly used.

In fact, Paige and Morin (4) defined three dimensions of fidelity and proposed a “fidelity matrix”
based on the following:

1. physical (or engineering) fidelity (of the equipment and environment);
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2. psychological fidelity, which ensures that the trainee is
engaged in the simulation. It characterizes the extent to
which events and scenarios reflect real situations and the
extent to which the simulator provides realistic responses to
the actions of the learners; and

3. conceptual fidelity, which ensures that the scenario makes
sense and corresponds to the human conceptual mode of
thinking, such as problem solving or decision-making.

Each dimension is independent and has to be adapted to the
context and task to be simulated. Following these concepts,
Hamstra et al. (5) proposed to distinguish the “physical
resemblance” from the “functional task alignment” (FTA) (ie.,
how much a simulator functions like the reality in response to
the actions of a user). They advocated that the conception and
design of simulators should follow the FTA analysis to
functionally represent a patient in response to the physical
action of the task, rather than seeking to achieve a physical
resemblance. Following this definition, the simulator fidelity is
achieved when the simulator functional parts are in congruence
with the learning objectives.

TOWARD A BETTER EVALUATION OF
HAPTIC FIDELITY IN SURGICAL
SIMULATION

One of the components of the physical resemblance is the haptic
fidelity (i.e., the perception by touch and proprioception). Haptic
skills are crucial to learning surgery: it is of utmost importance
for a surgeon to learn how to handle tissues safely, how to “feel”
the dissection plan, and how to palpate a tumor. These haptic
skills are essential for a safe use of surgical instruments, spatial
representation, understanding of tumor relationships and limits,
and evaluation of surgical risks at each step of a procedure. In
surgery, the risk of a regular training with a simulator lacking
realistic haptic rendering is to provide a negative transfer in the
operating theater, where the learner might apply dangerous
forces which is possibly difficult to untrain later (6). Therefore,
the haptic fidelity assessment of surgical simulators is essential
and should be taken into consideration from the beginning of the
design of the simulators, according to the simulated tasks (in
agreement with FTA). For example, to simulate a realistic
neurovascular dissection, the simulated tissues should be
adequately adherent to each other and have a consistent
physical behavior to experience which forces should be applied
on anatomical structures. Haptic feedback is all the more
important in endoscopic surgery (7), in which surgeons are
proceeding without directly seeing their hands, only with the
visual support of a two-dimensional display, and in which
haptic feedback provides crucial information for decision-
making and movement planning. Thus, the study of haptics is
of growing interest especially for virtual reality surgical
simulation which deals with the same issues (8). It was shown
that haptic feedback may play an important role in motor
skills acquisition (9), but haptic skills are difficult to teach in

an objective and standardized manner. Therefore, research
on procedural simulation should focus on biomechanical
characterization of the tissues to be simulated, to select suitable
synthetic materials for physical simulators and improve the haptic
feedback of virtual reality simulators. Most virtual reality systems
provide force feedback only for anatomical structures that have
been segmented and assigned properties, but such biomechanical
data are often missing (3).

A recent review of the literature (8) highlighted “the
inconsistency and paucity of current evidence with regard to
haptics and its validity and evidence of its value in [surgical]
training”. Few authors actually measured the applied forces or the
precision of movements during surgical procedures which give
quantitative parameters that could be used for haptics application
(10-12). Moreover, these well-designed studies are often published
in biomedical engineering journals and may be poorly disseminated
within the medical community. Finally, the assessment of haptic
fidelity on surgical simulators is often qualitative, provided by users
or designers, and usually compared to “reality” using binary
questionnaires or Likert-type scales. As an illustration, Chan et al.
(13), who conducted a very substantial work on modeling and
virtual rendering for temporal bone surgery simulation, evaluated
the “high-fidelity” on visual appearance (comparison with videos)
only rather than on objective parameters (such as the amount of
bone removed or the applied forces). We believe that this approach
is insufficient to create and validate “high-fidelity” haptic procedural
simulators. It is indeed with a better knowledge of the
biomechanical characteristics and through the objective evaluation
of these parameters that the evaluation of haptic fidelity would be
more relevant than questionnaires specific to each simulator
designer/evaluator.

DEFINING HAPTIC FIDELITY LEVELS
ADAPTED TO SURGICAL TASKS

The FTA theory (5) highlights the need to think about the objectives
of the learners before designing a simulator. Thus, we advocate for a
more robust method of classification of the level of fidelity, in
accordance with the learning objectives (FT'A-based approach).

The first step is to define which level of haptic fidelity is required
according to the surgical skill to learn. Indeed, basic technical skills
(e.g., navigation with an endoscope) do not always require high
haptic fidelity levels, in contrast to some advanced skills (e.g,
neurovascular dissection). We propose to define three levels of
haptic fidelity (Figure 1). Simulators with a low haptic accuracy
level (i) could be used to learn basic manipulations of surgical
materials or instruments and to increase the eye-hand coordination.
Simulators with a medium haptic accuracy level (ii) could be used to
become familiar with the surgical procedures (e.g., learning
procedure steps). Finally, high haptic accuracy simulators (iii)
may help in the acquisition of fine technical skills like tumor
dissection. This distinction might help in undertaking a
preliminary reflection on the essential aspects of the task to be
simulated to choose the appropriate level of fidelity, before designing
any training device or create a surgical curriculum.
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IMEDIUM HAPTIC FIDELITY

CONTINUING EDUCATION
CERTIFICATION
SURGICAL INNOVATION

GENERIC & FUNDAMENTAL SKILLS
SURGICAL TOOLS HANDLING
EYE-HAND COORDINATION

DISSECTION / TISSUE HANDLING
PROCEDURE STEPS LEARNING
SURGICAL ANATOMY LEARNING

ENTIRE SURGICAL PROCEDURES
HIGH-ACUITY LOW-OPPORTUNITY
PROCEDURES
SURGICAL ONCOLOGY SIMULATION

FIGURE 1 | Proposed levels of haptic fidelity and corresponding skills to learn.

The second step is to provide guidance on the haptic fidelity
assessment. The experiment of Batteau et al. (14) showed that
haptic recall consistency (i.e., how consistently a haptic
experience can be recalled) can vary widely among individuals
and may be independent of experience. This finding suggests that
the method of using “expert” opinion to fine-tune haptic
feedback in surgical simulators may be insufficiently reliable, as
it depends on the ability of the experts to accurately recall and
compare haptic events. In all other domains of training by
simulation, efficacy and learning transfer can be assessed using
Kirkpatrick’s pyramid model (15). Haptic rendering fidelity
could then be adequately assessed according to a similar
scheme in order to determine the value and level of a
simulator, using three grades of accuracy: a) not proven
accuracy, absence of assessment of the simulator haptic
feedback; b) subjective accuracy, favorable opinion on the
haptic accuracy provided by a panel of experts; and c)
objective accuracy, proof of the haptic rendering accuracy
through biomechanical measurements. According to Mahvash
et al. (16) and, more recently, Lelevé et al. (17), biomechanical
measurements and objective tests may include at least:

1. tissue basic physical (texture, shape, volume, weight,
temperature) and mechanical properties (compressive,
tensile, bending, or shear properties) measurements.

These properties can easily be assessed by calibrated testing
for both soft (18) and hard tissues (19). For instance,
erroneous elastic properties of soft tissues could lead to an
inadequate manipulation of tumors next to neurovascular
structures leading to injuries; and

2. characterization of the tissue response to different surgical
actions (scissor cutting, drilling, peeling, biting, twisting,
etc.). This can be done by measuring forces applied on
tissues with surgical instruments commonly used in the
operating room (20-22). For instance, a synthetic plastic
device perfectly mimicking a bone tissue as for mechanical
resistance to compression might behave unrealistically with
other actions like drilling (the plastic might melt with the
drilling overheating) or twisting (with unrealistic fracture
line, due to the orientation of resistance spans).

Assessing haptic rendering accuracy is an absolute requirement
for simulators to be used for surgical training certification—a
process by which individuals are recognized (or certified) as
having demonstrated some level of knowledge and skill in some
domain (2). This certification is already the norm in aviation where
pilots must have accumulated a specific number of hours of flight
training with validated simulators. This is not routinely done in
surgery, but the society attitude toward surgical training will
certainly lead to the requirement of an objective proof of the skills
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of the surgeon before being allowed to work with patients. Haptic
fidelity can be the game changer of the decade.

AUTHOR CONTRIBUTIONS

All authors contributed to the article and approved the
submitted version.

FUNDING

The first author (VF) received the funding of the “College
Frangais d’ORL et chirurgie cervico-faciale” for a scholarship

REFERENCES

. Mazzone E, Puliatti S, Amato M, Bunting B, Rocco B, Montorsi F, et al. A
Systematic Review and Meta-Analysis on the Impact of Proficiency-Based
Progression Simulation Training on Performance Outcomes. Ann Surg (2020)
274(2):281-9. doi: 10.1097/SLA.0000000000004650
2. American Educational Research Association. Standards for Educational and

Psychological Testing. In: American Psychological Association, National
Council on Measurement in Education. Washington, D.C: American
Educational Research Association (2014).
3. Favier V, Gallet P, Subsol G, Captier G. Understanding the Biomechanical
Properties of Skull Base Tissues Is Essential for the Future of Virtual Reality
Endoscopic Sinus and Skull Base Surgery Simulators. Clin Exp
Otorhinolaryngol (2019) 12(2):231-2. doi: 10.21053/ce0.2018.01627
4. Paige JB, Morin KH. Simulation Fidelity and Cueing: A Systematic Review of
the Literature. Clin Simulation In Nursing (2013) 9(11):e481-9. doi: 10.1016/
j.ecns.2013.01.001
5. Hamstra SJ, Brydges R, Hatala R, Zendejas B, Cook DA. Reconsidering
Fidelity in Simulation-Based Training. Acad Med (2014) 89(3):387-92. doi:
10.1097/ACM.0000000000000130
6. Gallagher AG, O’Sullivan GC. Fundamentals of Surgical Simulation:
Principles and Practice. London: Springer-Verlag (2012).
7. Tholey G, Desai JP, Castellanos AE. Force Feedback Plays a Significant Role in
Minimally Invasive Surgery: Results and Analysis. Ann Surg (2005) 241
(1):102-9. doi: 10.1097/01.51a.0000149301.60553.1e
8. Basdogan C, De S, Kim J, Manivannan M, Kim H, Srinivasan MA. Haptics in
Minimally Invasive Surgical Simulation and Training. IEEE Comput Graphics
Applications (2004) 24(2):56-64. doi: 10.1109/MCG.2004.1274062
9. Rangarajan K, Davis H, Pucher PH. Systematic Review of Virtual Haptics in
Surgical Simulation: A Valid Educational Tool? J Surg Educ (2020) 77(2):337-
47. doi: 10.1016/j.jsurg.2019.09.006
10. Shen JJ, Kalantari M, Kovecses J, Angeles J, Dargahi J. Viscoelastic
Modeling of the Contact Interaction Between a Tactile Sensor and an Atrial
Tissue. IEEE Trans Biomed Eng (2012) 9(6):1727-38. doi: 10.1109/
TBME.2012.2193127
11. Ehrampoosh S, Dave M, Kia MA, Rablau C, Zadeh MH. Providing Haptic
Feedback in Robot-Assisted Minimally Invasive Surgery: A Direct Optical
Force-Sensing Solution for Haptic Rendering of Deformable Bodies. Comput
Aided Surg (2013) 18(5-6):129-41. doi: 10.3109/10929088.2013.839744

12. Faieghi M, Atashzar SF, Tutunea-Fatan OR, Eagleson R. Parallel Haptic
Rendering for Orthopedic Surgery Simulators. IEEE Robotics Automation
Lett (2020) 5(4):6388-95. doi: 10.1109/LRA.2020.3013891

13. Chan S, Li P, Locketz G, Salisbury K, Blevins NH. High-Fidelity Haptic

and Visual Rendering for Patient-Specific Simulation of Temporal Bone

Surgery. Comput Assisted Surg (2016) 21(1):85-101. doi: 10.1080/24699322.

2016.1189966

—

from November 2019 to November 2020 to support his
PhD thesis.

ACKNOWLEDGMENTS

Authors want to acknowledge Mrs. Marjorie Mazeau, Mr.
Erwan De Penfentenyo, Mr. Jean-Pierre Henry (pilots and
experts in the crew resource management at Stan Institute,
Nancy, France), and Dr. Delphine Wannenmacher (expert
in the team management at University of Lorraine - IUT
Nancy -Charlemagne, France) for their thoughtful and thorough
advice regarding aviation simulation.

14. Batteau LM, Liu A, Maintz JBA, Bhasin Y, Bowyer MW. A Study on the
Perception of Haptics in Surgical Simulation. In: S Cotin, D Metaxas, editors.
Medical Simulation. Berlin, Heidelberg: Springer (2004). p. 185-92. Lecture
Notes in Computer Science.

15. Kirkpatrick JD. Kirkpatrick’s Four Levels of Training Evaluation. Alexandria,
VA: ATD Press (2016). p. 256.

16. Mahvash M, Hayward V. High Fidelity Haptic Synthesis of Contact With
Deformable Bodies. IEEE Comput Graphics Appl (2004) 24:48-55. doi:
10.1109/MCG.2004.1274061

17. Lelevé A, McDaniel T, Rossa C. Haptic Training Simulation. Front Virtual
Real (2020) 1:3. doi: 10.3389/frvir.2020.00003

18. Griffin M, Premakumar Y, Seifalian A, Butler PE, Szarko M. Biomechanical
Characterization of Human Soft Tissues Using Indentation and Tensile
Testing. J Vis Exp (2016) 118):e54872. doi: 10.3791/54872

19. Favier V, Gallet P, Ferry O, Jehl J-P. Spherical Depth-Sensing
Nanoindentation of Human Anterior Skull Base Bones: Establishment of a
Test Protocol. ] Mech Behav Biomed Mater (2020) 110:103954. doi: 10.1016/
j,jmbbm.2020.103954

20. Joice P, Ross PD, Wang D, Abel EW, White PS. Measurement of Osteotomy
Force During Endoscopic Sinus Surgery. Allergy Rhinol (Providence) (2012) 3
(2):ar.2012.3.0032. doi: 10.2500/ar.2012.3.0032

21. Favier V, Zemiti N, Caravaca Mora O, Subsol G, Captier G, Lebrun R, et al.
Geometric and Mechanical Evaluation of 3D-Printing Materials for Skull Base
Anatomical Education and Endoscopic Surgery Simulation - A First Step to
Create Reliable Customized Simulators. PloS One (2017) 12(12):e0189486.
doi: 10.1371/journal.pone.0189486

22. Barrie J, Russell L, Hood AJ, Jayne DG, Neville A, Culmer PR. An In Vivo
Analysis of Safe Laparoscopic Grasping Thresholds for Colorectal Surgery.
Surg Endosc (2018) 32(10):4244-50. doi: 10.1007/s00464-018-6172-6

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Favier, Subsol, Duraes, Captier and Gallet. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

August 2021 | Volume 11 | Article 713343


https://doi.org/10.1097/SLA.0000000000004650
https://doi.org/10.21053/ceo.2018.01627
https://doi.org/10.1016/j.ecns.2013.01.001
https://doi.org/10.1016/j.ecns.2013.01.001
https://doi.org/10.1097/ACM.0000000000000130
https://doi.org/10.1097/01.sla.0000149301.60553.1e
https://doi.org/10.1109/MCG.2004.1274062
https://doi.org/10.1016/j.jsurg.2019.09.006
https://doi.org/10.1109/TBME.2012.2193127
https://doi.org/10.1109/TBME.2012.2193127
https://doi.org/10.3109/10929088.2013.839744
https://doi.org/10.1109/LRA.2020.3013891
https://doi.org/10.1080/24699322.2016.1189966
https://doi.org/10.1080/24699322.2016.1189966
https://doi.org/10.1109/MCG.2004.1274061
https://doi.org/10.3389/frvir.2020.00003
https://doi.org/10.3791/54872
https://doi.org/10.1016/j.jmbbm.2020.103954
https://doi.org/10.1016/j.jmbbm.2020.103954
https://doi.org/10.2500/ar.2012.3.0032
https://doi.org/10.1371/journal.pone.0189486
https://doi.org/10.1007/s00464-018-6172-6
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Haptic Fidelity: The Game Changer in Surgical Simulators for the Next Decade?
	Introduction
	Fidelity and Simulation in Surgery
	Toward a Better Evaluation of Haptic Fidelity in Surgical Simulation
	Defining Haptic Fidelity Levels Adapted to Surgical Tasks
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 false
  /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 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /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 0.40
    /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 false
  /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 0.40
    /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 false
  /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 <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


