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Abstract

The short tapered-wedge stem is popular worldwide because it potentially preserves more bone stock during total hip
arthroplasty (THA). However, stem version mismatch may affect physiological stress distribution. In this study, we analyzed
the correlations between periprosthetic bone mineral density (BMD) changes and anteversion mismatch in patients who
underwent THA using a short tapered-wedge stem. The study included 44 patients (44 joints) who underwent THA with a
Tri-Lock stem. At baseline and at 6 and 24 months postoperatively, the BMDs in the seven Gruen zones were evaluated using
dual-energy X-ray absorptiometry. BMD changes and stem alignment, that is, anteversion and stem anteversion mismatch to
the anatomical canal anteversion, were analyzed. Significant negative correlations were found between BMD changes and
absolute anteversion error in Gruen zones | and 7 at 6 and 24 months postoperatively (zone |, 6M; RR= —0.48, p < 0.001)
(zone 7, 6M; RR= —0.46, p = 0.002) (zone |, 24M; RR= —0.47, p = 0.001) (zone 7, 24M; RR= —0.40, p = 0.007). We
further demonstrated that excessive stem anteversion mismatch to the anatomical canal anteversion causes stem point
contact with the cortical bone in the distal portion and affected proximal periprosthetic BMD loss after THA. We rec-
ommend that the native anatomical anteversion angle should be used as a reference for inserting the tapered-wedge stems.
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Introduction Dual-energy X-ray absorptiometry (DEXA) is a well-
documented method for monitoring patients after THA,*’
and it detects even small bone mineral density (BMD)
changes around a stem.'®'! DEXA is considered the most
reliable method in assessing proximal femoral remodeling

Total hip arthroplasty (THA) has become a common pro-
cedure with excellent results for treating osteoarthritis,
osteonecrosis, and rheumatoid arthritis of the hip.! Load
bearing on periprosthetic bone is an important issue for
maintaining bone strength.” Stress shielding causes poor
bone density.® Stress shielding in the femur often occurs
in the calcar region, because it is highly unlikely that the  pepartment of Orthopaedic Surgery, Kobe University Graduate School of
loading and stress distribution in the proximal femur will  Medicine, Kobe, Japan
ever be replicated in the presence of an intramedullary
metal prosthesis,*> and this decrease in bone density may X f ) o
lead to aseptic loosening, stem subsidence, and peripros- Shinya Hayashi, Departme.nt. of Orthopaedic Su.rgery Kobe University
. 4.6 . . . Graduate School of Medicine 7-5-1 Kusunoki-cho, Chuo-ku, Kobe
thetic fractures.”™” Therefore, implants should aim to repli-  50.0017, Japan.
cate the physiological stress distribution.” Email: shayashi@med.kobe-u.ac.jp
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Figure |. (a) Correlations between periprosthetic bone mineral density changes and absolute stem anteversion error in the seven
Gruen zones at 6 and 24 months postoperatively. Correlation coefficients and p-values are presented. Boldface values indicate p < 0.05.
(b) Plotting data of periprosthetic bone mineral density changes and absolute stem anteversion error in the seven Gruen zones in zones

I and 7 at (a) 6 and (b) 24 months postoperatively.

leading to implant fixation or periprosthetic bone stress
shielding after THA."?

Bone-preservation strategies involve the development
of neck-preserving short stems designed to avoid stress
shielding and increase periprosthetic bone formation.?
The Tri-Lock BPS stem (DePuy Orthopaedics, Warsaw,
IN, USA) is a short tapered-wedge stem with small
shoulder shape, short anterior—posterior width, and short
length. Similar short bone-preserving cementless stems
have gained popularity, as they address some of the lim-
itations of long stems. Compared with long stems, short
stems potentially preserve more bone stock, which
improves proximal load transfer, and have lower stress
shielding.'*'* We recently reported that periprosthetic
BMD remained almost constant in the proximal femur,
especially in Gruen zone 1, after THA with the Tri-Lock
BPS stem.'”

We hypothesize that excessive change in femoral ante-
version after prosthesis implantation may affect physiolo-
gical stress distribution, leading to stress shielding.
Therefore, in this study, we analyzed the correlations
between periprosthetic BMD changes and changing of stem
anteversion in patients who underwent THA with a short
tapered-wedge stem.

Patients and methods

Patient characteristics

This prospective cohort study enrolled 44 consecutive
patients (44 joints) with osteoarthritis (grade 4 according
to the Tonnis classification) who underwent THA with the
Tri-Lock BPS stem at our institution between January 2013
and November 2013. Patients with distorted proximal
femoral anatomy, osteoporosis (lumbar spine BMD <0.8),
or evidence of metabolic bone disease were excluded. To
analyze the contribution of anteversion change, stems with
malalignment of over 2° varus or valgus cases were also
excluded from the study.

All procedures were performed using the mini antero-
lateral supine approach by a single senior surgeon at Kobe
University Hospital. Postoperative follow-up included
evaluation with DEXA, and clinical factors, including the
Harris hip score (HHS), body mass index (BMI), and age at
surgery, were assessed 24 months postoperatively.

DEXA measurement

In all cases, DEXA was performed using a DPX-L scanner
(GE Lunar Corporation, Madison, WI, USA). DPX-L total
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Figure 2. Influence of contact situation between the stem and the cortical bone surface on absolute anteversion error or peripros-
thetic bone mineral density changes in the Gruen zones 2, 3, 5, and 6 at 24 months postoperatively. (a) Comparison between stem
contact situation and absolute anteversion error in Gruen zones 2, 3, 4, and 5. Columns indicate mean values of absolute anteversion
error. (b) Comparison between stem contact situation and proximal periprosthetic bone mineral density changes in Gruen zones 2, 3,
4, and 5. Columns indicate mean values of proximal periprosthetic bone mineral density changes.

body scans were performed using software version 1.35,
which set the appropriate transverse speed at 16, 8, or
4 cm/s depending on the height of the subject. Patients
were positioned supine with their leg in neutral position,
with knee and foot support, to facilitate the scanning of the
anterior—posterior projection of the proximal femur,
including the area distal to the prosthesis using an edge-
detection technique. The BMD was determined preopera-
tively and perioperatively in seven regions of interest
based on the Gruen zones.'® The values were expressed
as areal BMD in grams per square centimeter. The BMD
around the stem was assessed within 2 months postopera-
tively (baseline BMD) and at 6 and 24 months postopera-
tively. BMD changes were calculated by dividing each
BMD value at 6 and 24 months postoperatively by the
baseline BMD value.

Measurement of stem alignment

Preoperative and postoperative computed tomography
(CT) scans from the pelvis to the knee joint were performed
and transferred to a three-dimensional template software
(Zed Hip; Lexi, Tokyo, Japan). Computer-aided design

models of the implants were manually adjusted for post-
operative multiplanar reconstruction in CT images. Stem
anteversion and anatomical canal anteversion angles were
measured with respect to the posterior condylar line axis of
the femur.'” We compared the anatomical canal antever-
sion and postoperative stem anteversion, and the antever-
sion error was defined as difference between the stem
anteversion and the anatomical anteversion.

Contact situation between stem and cortical
bone surface

The distance between the stem and the cortical bone sur-
face was analyzed using the Zed Hip software. The color
changed from red to blue according to the distance between
the stem and the cortical bone surface. A green color indi-
cates a distance <0.2 mm, and red or yellow colors indicate
close contact between the stem surface and the cortical
bone. Especially, red color indicated the stem surface con-
tact with the cortical bone. Further, we analyzed the rela-
tionship between stem point contact and absolute stem
anteversion error or BMD loss. The number of red color
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Figure 3. Three representative cases of contact between stem and cortical bone: (a) excessive anteversion, (b) neutral anteversion,
and (c) retroversion. (Top) Degree of alignments. (Middle) Periprosthetic bone mineral density changes in the seven Gruen zones at 24
months postoperatively. (Bottom) Contact situation between stem and cortical bone surface.

positive area according to Gruen zones was compared with
anteversion error or BMD change.

Statistical analysis

All data are expressed as mean + standard deviation unless
otherwise indicated. The correlations between peripros-
thetic BMD changes and stem alignments were analyzed
using Pearson’s correlation value (Figure 1). Intergroup
comparisons were evaluated using Mann—Whitney U test
(Figure 2). A p-value of <0.05 was considered significant.

Ethics

The study protocol was approved by our institutional
review board on September 8, 2011 (No. 1220), and
informed consent for participation in the study was
obtained from all participants.

Results

Patient characteristics and stem alignment

The mean patient age at surgery was 65.0 + 10.3 years. At
clinical evaluation performed 24 months postoperatively,
the mean BMI was 23.8 + 3.8 kg/m? and HHS was 89.4 +

9.2. The mean stem anteversion was 31.3° + 9.6°, and the
anatomical canal anteversion was 31.7° + 11.3°. The mean
absolute anteversion error (stem anteversion — anatomical
canal anteversion) was 5.9° + 5.9°.

Stem anteversion error correlated with proximal
periprosthetic BMD loss

To analyze the influence of stem alignment on peripros-
thetic BMD changes, we compared the periprosthetic BMD
changes and the stem anteversion error. Significant nega-
tive correlations were found between BMD changes and
absolute anteversion error in Gruen zones 1 and 7 at 6 and
24 months postoperatively (Figure 1(a) and (b)). These
findings indicate that stem version error affected proximal
periprosthetic BMD loss.

Excessive version error causes stem point contact with
cortical bone surface in the distal portion.

To determine why absolute anteversion error negatively
correlated with BMD changes, we analyzed the contact
situation between the stem and the cortical bone surface
(Figure 3). We showed subject-specific differences. In case
1, the absolute stem anteversion error was 21.8° (excessive



Hayashi et al.

stem anteversion) and the stem contact with the cortical
bone was only seen in Gruen zones 3 and 7 (Figure 3, case
1). Meanwhile, in case 2, the stem anteversion error was
only 2° and the stem contact with cortical bone was broad
and encompassed Gruen zones 2—7 (Figure 3, case 2).
Furthermore, in case 3, the absolute anteversion error was
15.1° (stem retroversion) and the stem contact with cortical
bone was seen in Gruen zones 2, 3, and 7.

The BMD in Gruen zones 1 and 7 at 24 months post-
surgery showed a substantial loss in cases 1 and 3, but it
was maintained in case 2 (Figure 3, cases 1 and 2). These
findings indicate that excessive changing stem anteversion
caused abnormal strain distribution on the cortical bone
surface, leading to proximal BMD loss.

Stem contact with femoral bone in distal portion
causes proximal periprosthetic BMD loss

To analyze the relationship between stem point contact and
BMD loss, we analyzed the relationship between the situa-
tions of stem point contact with the femoral bone, peripros-
thetic BMD changes, and stem anteversion error. The mean
absolute anteversion error was significantly lower in the
group with cases of stem point contact with femoral bone
in Gruen zone 3, but not in the other Gruen zones. We also
showed that the mean BMD change was significantly lower
in the group with cases of stem point contact with femoral
bone in Gruen zone 3, but not in the other Gruen zones.
These results indicate that excessive anteversion error causes
stem point contact with the femoral bone in the distal por-
tion, leading to proximal periprosthetic BMD loss.

Discussion

Previous works demonstrated that contact force was depen-
dent on subject-specific geometry and that specificity influ-
enced stress distribution in the periprosthetic bone.'®!® In
other words, stress distribution in the periprosthetic bone
was influenced not only by subject-specific geometry but
also by stem alignment. Bah et al.,*® in a finite element
method study, reported that stress distribution in peripros-
thetic bone was dependent on stem alignment, especially
anterior—posterior and varus—valgus alignments. Vresilovic
et al.,*! in a radiographic study, reported that varus align-
ment caused early stem loosening because of poor seating
of the femoral prosthesis with decreased bone ingrowth.
The relationship between varus—valgus alignment and
stress distribution in the periprosthetic bone has been estab-
lished well in biomechanical studies.?' However, the
relationship between anteversion mismatch and stress dis-
tribution in the periprosthetic bone remains unclear.

The results of the present study indicate that excessive
mismatch in stem anteversion is correlated with postopera-
tive periprosthetic proximal BMD loss. Further, excessive
anteversion error causes stem point contact with the
femoral bone in the distal portion, leading to proximal

periprosthetic BMD loss. We recently reported significant
negative correlations between stem anteversion and BMD
changes in Gruen zones 2, 3, 4, and 6,2° and the result was
consistent with that of other reports.”” However, we have
learned that excessive decreased anteversion also caused
periprosthetic BMD loss in the current study. The results
may be explained by stem contact force with cortical bone.
Umeda et al.?” reported that in vitro strains decreased in
implanted femurs relative to intact femurs and that increas-
ing anteversion increased strains anteriorly and posteriorly
near the distal tip of the implant. We have demonstrated
that not only excessive increased stem anteversion but also
stem retroversion increased contact area with the distal part
of stem, leading to loss of proximal bone density. There-
fore, the abnormal stress distribution may be the reason for
proximal periprosthetic bone loss in cases of excessive
mismatch in stem anteversion.

The limitation of this study is the lack of presentation of
direct evidence of periprosthetic bone stress distribution
after THA. We must therefore analyze the simulation of
stress distribution in the periprosthetic bone.

In conclusion, excessive mismatch in stem anteversion
affects proximal periprosthetic BMD loss after THA. The
native anatomical anteversion angle should be used as a
reference for inserting the tapered-wedge stems.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

References

1. Learmonth ID, Young C, and Rorabeck C. The operation of
the century: total hip replacement. Lancet 2007; 370(9597):
1508-1519.

2. Mulholland SJ and Wyss UP. Activities of daily living in
non-Western cultures: range of motion requirements for hip
and knee joint implants. /nt J Rehabil Res 2001; 24(3):
191-198.

3. Huiskes R, Weinans H, and van Rietbergen B. The relation-
ship between stress shielding and bone resorption around
total hip stems and the effects of flexible materials. Clinical
Orthop Relat Res 1992; 1(274): 124-134.

4. Kroger H, Venesmaa P, Jurvelin J, et al. Bone density at the
proximal femur after total hip arthroplasty. Clin Orthop Relat
Res 1998; 7(352): 66-74.

5. Engh CA, McGovern TF, Bobyn JD, et al. A quantitative
evaluation of periprosthetic bone-remodeling after cement-
less total hip arthroplasty. Journal Bone Joint Surg Am Vol
1992; 74(7): 1009-1020.

6. Furnes O, Lie SA, Espehaug B, et al. Hip disease and the
prognosis of total hip replacements. A review of 53,698 pri-
mary total hip replacements reported to the Norwegian



Journal of Orthopaedic Surgery 25(3)

10.

11.

12.

13.

14.

15.

16.

Arthroplasty Register 1987-99. J Bone Joint Surg Br 2001;
83(4): 579-586.

. Pettersen SH, Wik TS, and Skallerud B. Subject specific

finite element analysis of stress shielding around a cementless
femoral stem. Clin Biomech 2009; 24(2): 196-202.

. Spittlehouse AJ, Smith TW, and Eastell R. Bone loss around

2 different types of hip prostheses. J Arthroplasty 1998;
13(4): 422-427.

. Boden HS, Skoldenberg OG, Salemyr MO, et al. Continuous

bone loss around a tapered uncemented femoral stem: a long-
term evaluation with DEXA. Acta Orthop 2006; 77(6):
877-885.

Kilgus DJ, Shimaoka EE, Tipton JS, et al. Dual-energy X-ray
absorptiometry measurement of bone mineral density around
porous-coated cementless femoral implants. Methods and
preliminary results. J Bone Joint Surg Br 1993; 75(2):
279-287.

Reeve J, Kroger H, Nijs J, et al. Radial cortical and trabecular
bone densities of men and women standardized with the
European Forearm Phantom. Calcif Tissue Int 1996; 58(3):
135-143.

Brodner W, Bitzan P, Lomoschitz F, et al. Changes in bone
mineral density in the proximal femur after cementless total
hip arthroplasty. A five-year longitudinal study. J Bone Joint
Surg Br 2004; 86(1): 20-26.

Molli RG, Lombardi AV Jr, Berend KR, et al. A short
tapered stem reduces intraoperative complications in primary
total hip arthroplasty. Clin Orthop Relat Res 2012; 470(2):
450-461.

Patel RM, Smith MC, Woodward CC, et al. Stable fixation of
short-stem femoral implants in patients 70 years and older.
Clin Orthop Relat Res 2012; 470(2): 442-449.

Hayashi S, Hashimoto S, Kanzaki N, et al. Daily activity and
initial bone mineral density are associated with periprosthetic
bone mineral density after total hip arthroplasty. Hip Int
2016; 26(2): 169-174.

Gruen TA, McNeice GM and Amstutz HC. ‘Modes of failure’
of cemented stem-type femoral components: a radiographic
analysis of loosening. Clin Orthop Relat Res 1979; 6(141):
17-27.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Dorr LD, Wan Z, Malik A, et al. A comparison of surgeon
estimation and computed tomographic measurement of
femoral component anteversion in cementless total hip
arthroplasty. J Bone Joint Surg Am 2009; 91(11): 2598-2604.
Jonkers I, Sauwen N, Lenaerts G, et al. Relation between
subject-specific hip joint loading, stress distribution in the
proximal femur and bone mineral density changes after total
hip replacement. J Biomech 2008; 41(16): 3405-3413.
Lenaerts G, De Groote F, Demeulenaere B, et al. Subject-
specific hip geometry affects predicted hip joint contact
forces during gait. J Biomech 2008; 41(6): 1243-1252.

Bah MT, Nair PB, Taylor M, et al. Efficient computational
method for assessing the effects of implant positioning in
cementless total hip replacements. J Biomech 2011; 44(7):
1417-1422.

Vresilovic EJ, Hozack WJ, and Rothman RH. Radiographic
assessment of cementless femoral components. Correlation
with intraoperative mechanical stability. J Arthroplasty
1994; 9(2): 137-141.

Anglin C, Masri BA, Tonetti J, et al. Hip resurfacing femoral
neck fracture influenced by valgus placement. Clin Orthop
Relat Res 2007; 465: 71-79.

Davis ET, Olsen M, Zdero R, et al. Femoral neck fracture
following hip resurfacing: the effect of alignment of the
femoral component. J Bone Joint Surg Br 2008; 90(11):
1522-1527.

Nabavi A, Yeoh KM, Shidiac L, et al. Effects of positioning
and notching of resurfaced femurs on femoral neck strength: a
biomechanical test. J Orthop Surg (Hong Kong) 2009; 17(1):
47-50.

Radcliffe IA and Taylor M. Investigation into the effect of
varus-valgus orientation on load transfer in the resurfaced
femoral head: a multi-femur finite element analysis. Clin
Biomech 2007; 22(7): 780-786.

Hayashi S, Hashimoto S, Kanzaki N, et al. Stem anteversion
affects periprosthetic bone mineral density after total hip
arthroplasty. Hip Int 2016; 26(3): 260-264.

Umeda N, Saito M, Sugano N, et al. Correlation between
femoral neck version and strain on the femur after insertion
of femoral prosthesis. J Orthop Sci 2003; 8(3): 381-386.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /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 false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


