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Correlation of Femoral Trochlear Dysplasia
With Anterior Cruciate Ligament Injury
in Skeletally Immature Patients
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Background: Reports of anterior cruciate ligament (ACL) injury in patients with skeletal immaturity have been increasing.
Variations in knee joint anatomy have been linked to ACL injury risk factors.

Purpose: To identify associations between ACL injury, patella alta, and femoral trochlear dysplasia in patients with skeletal
immaturity by using magnetic resonance imaging (MRI).

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: This retrospective study included 231 patients with skeletal immaturity —116 with acute complete noncontact ACL injury
and 115 without ACL injury (controls)—who underwent knee MRI. Cases of femoral trochlear dysplasia were divided into 4 types
according to the Dejour classification scheme. Patellar height and patellar tendon length were measured via sagittal MRI, and the
Insall-Salvati ratio (ISR) was calculated.

Results: In the ACL injury group, 56 (48.3%) knees exhibited trochlear dysplasia, including 51 (91.1%) that were Dejour type A; and
in the control group, 12 (10.4%) knees exhibited trochlear dysplasia, 12 (100%) Dejour type A. The prevalence of femoral trochlear
dysplasia was significantly higher in the ACL injury group than in the control group (P < .001). The ISR was not significantly different
between the ACL injury and control groups (0.9 £ 0.2 vs 1 £ 0.2 mm; P = .16). The correlation between ISR >1.2 and presence of
ACL injury was not significant.

Conclusion: Femoral trochlear dysplasia was associated with ACL injury in patients with skeletal immaturity. In particular, Dejour
type A femoral trochlear dysplasia was correlated with ACL injury patients with skeletal immaturity. Also, the possibility of ACL
damage exists in patients with skeletal immaturity and femoral trochlear dysplasia.
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(ACL) has been increasing in the pediatric population.® In
particular, the ACL is the most frequently injured ligament
of the knee joint and is involved in 50% of all knee joint
injuries.?? In general, anatomical parameters, including
intercondylar notch width, ACL size, ligamentous laxity,
tibial slope, and the Q angle of the ACL, are key risk factors
when assessing ACL injury.12324 Patellar dislocation and
ACL injury are common events and can result in major
damage unless treated appropriately. The mechanism of
injury is similar to that of a valgus twisting injury and is
attributed to sudden noncontact deceleration.® Individuals
at risk of ACL injury also share similar epidemiological and
anatomical characteristics.®> Female patients tend to pre-
sent greater ligamentous laxity; and younger, more active
adults often show intercondylar notch and trochlear notch
dysplasia.® In addition, patellofemoral (PF) instability is a
clinical syndrome caused by morphological abnormalities
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in the PF joint and, it has been shown to interfere with knee
extension and flexion, contributing to ACL damage.%!®

Two of the major anatomical phenomena that cause
patellar instability are femoral trochlear dysplasia and
patella alta.! To date, available research on the correlation
between ACL injury and these 2 phenomena remains lim-
ited. Botchu et al® reported that Dejour type A trochlear
dysplasia is associated with ACL injury. 2 Meanwhile, Chen
et al® determined the association between femoral trochlear
dysplasia and ACL injury by comparing postoperative com-
puted tomography data of patients with ACL injury against
those of patients without ACL injury, finding that femoral
trochlear dysplasia might be a significant risk factor for
ACL injury.

In the literature, only 2 studies have examined the rela-
tionship between ACL injury and the 2 aforementioned
anatomical phenomena.’*® Ntagiopoulos et al'® reported
increased prevalence of trochlear dysplasia and patella alta
in patients with ACL injury relative to the incidence of
femoral trochlear dysplasia and patella alta in the general
population. However, there was no significant correlation
between femoral trochlear dysplasia and ACL injury in
adult patients. Another study, performed using magnetic
resonance imaging (MRI) in adult patients, found that the 2
anatomical phenomena may be risk factors for ACL injury.!

To the best of our knowledge, no studies have discerned
the correlation between ACL injury and the 2 anatomical
phenomena using MRI in patients with skeletal immatu-
rity. Therefore, we researched the associations between
ACL injury and patella alta and femoral trochlear dyspla-
sia in patients with skeletal immaturity by using MRI. We
hypothesized that there would be a correlation between
ACL injury and either patella alta or femoral trochlear dys-
plasia in patients with skeletal immaturity.

METHODS

The patients with skeletal immaturity included in this
study were retrospectively selected from among children,
aged 3 to 18 years, who presented with knee pain, and who
underwent clinical MRI from 2004 to 2020 at our institu-
tion. The study design was approved by our institutional
review board.

A case-control study design was adopted to minimize
potential confounding variables that could be associated
with the 2 anatomical phenomena and ACL injury. Patients
eligible for inclusion in the ACL injury group were skele-
tally immature consecutive pediatric patients with preop-
erative MRI scans available from our institutional
database. The official radiology report was used to confirm
the definite presence of ACL tears, and we included
patients with both clinical and radiologic findings avail-
able. Exclusion criteria were evidence of intra-articular
injury that precluded measurement of chondral anatomy
or the presence of concomitant injuries to other ligaments.

A control group was retrospectively established from
among pediatric patients matched by age and sex, with
MRI scans that showed no ACL injury. Those with
deformed bony structures caused by bone tumors, physeal
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arrest, osteochondral fracture, or any previous surgery
were excluded from this study. MRI scans were acquired
using a 3.0-T MRI scanner (Philips Medical Systems) with a
3-dimensional proton density volume isotropic turbo spin-
echo acquisition sequence, which is a useful modality with
which to observe ligaments and cartilage in the joints.
Imaging was performed with a 1400 ms repetition time,
33 ms echo time, 0.5 mm slice thickness, 160 mm field of
view, 90° flip angle, 320 x 320 matrix, and 357 Hz/pixel
bandwidth. The PF joint parameters were measured using
the Mimics Version 17.0 software program (Materialise).

The diagnosis of dysplasia type was made based on the
Dejour classification,'* which stratifies dysplasia as types A
through D. All these types involve a crossing sign, which is an
intersection between the condylar trochlear and trochlear
grooves. Presence of the crossing sign has a high sensitivity
(94%) but a relatively low specificity for diagnosis of dyspla-
sia.® For this reason, the type shapes are also used as diag-
nostic criteria. Type A dysplasia is characterized by a shallow
trochlea (>145°), type B involves a flat trochlea, type C
encompasses medial hypoplasia, and type D includes a cliff.
MRI was used to determine Dejour dysplasia type (Figure 1).

In addition, the Insall-Salvati ratio (ISR) was adopted to
determine patellar height (Figure 2). The ISR was mea-
sured using MRI, where values >1.2 are indicative of
patella alta.'® Two independent observers (Y.H.K. and Dr.
Gihun Kim), both orthopaedic surgeons who were blinded
to patient medical history, individually assessed the Dejour
classification and the presence of patella alta. To determine
the intraobserver reliability, measurements in 50 randomly
selected patients were repeated 1 month later. The intraob-
server and interobserver reliability values of the ISR mea-
surement were 0.93 and 0.88, respectively, calculated using
the intraclass correlation method. The intraobserver and
interobserver reliability values of the Dejour classification
were 1 and 0.71, respectively, calculated using the Cohen
kappa.l”

Statistical Analysis

The Student ¢ test was chosen to examine significant differ-
ences between the mean values of the study groups. The chi-
square test was selected to analyze the difference between
categorical variables. The significance level was set at P < .05.

A post hoc power analysis was performed. The calculated
power was 99.9%, which is higher than the target power
(80%) of previous research.'® Statistical analysis was per-
formed using the Statistical Package for the Social Sciences
Version 22 (IBM Corp).

RESULTS

We reviewed 297 MRI scans, comprising those of 115
patients who met the inclusion criteria for the control group
and 116 patients in the ACL injury group. The mean age of
patients in the ACL injury and control groups was 14 *+ 3.7
and 14.2 + 3.6 years, respectively (Table 1). There were no
significant differences in age or sex between the 2 groups.
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Figure 1. Dejour classification of trochlear dysplasia.
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Figure 2. Schematic representation of the Insall-Salvati ratio:
A/B, where A is the length of the patellar tendon and B is the
maximum length of the patella.’

The prevalence of femoral trochlear dysplasia was signif-
icantly higher in the ACL injury group than in the control
group (P < .001).
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Among the 56 patients with femoral trochlear dysplasia
in the ACL injury group, 51 had type A, 3 type B, 1 type C,
and 1 type D dysplasia. In contrast, all control group
patients had the Dejour type A femoral trochlear dysplasia
(Table 2).

The ISR was not significantly different between the ACL
injury and control groups (0.9 £ 0.2 vs 1+ 0.2 mm; P = .16).
In the ACL injury group, 10 knees (8.6%) had ISR values
>1.2, indicating patella alta (P < .05). In the control group,
10 knees (8.7%) had ISR values >1.2, indicating patella alta
(P < .05). However, the correlation between ISR index >1.2
and presence of ACL injury was not significant (P > .99).

DISCUSSION

The most important finding of this study is that femoral
trochlear dysplasia was associated with ACL injury in skel-
etally immature patients and the most common of all knee
dysplasias in our groups. In addition, Dejour type A femoral
trochlear dysplasia was associated with ACL injury in skel-
etally immature patients. However, the patella alta index
was not significantly different between the ACL injury and
control groups. In particular, the correlation between
patella alta index >1.2 and presence of ACL injury was not
significant. Therefore, our hypothesis was only partially
accepted.

ACL injuries are becoming more prevalent in pediatric
populations, which may be the result of more frequent orga-
nized sports among boys and girls and could be linked to
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TABLE 1
Comparison of the Age and Gender Ratio Between Korean
Pediatric Patients With and Without ACL Injury®

Control Group ACL Injury Group P

(n = 115) (n =116) Value
Age,y 14.2 £ 3.6 (3-18 years) 14 + 3.7 (3-18 years) .51
Sex, 86/29 86/30 NA
male/female
Insall-Salvati 1+0.2(0.6-1.5) 0.9+ 0.2 (0.5-1.8) .16
ratio

“Data are reported as mean + SD (range) or No. ACL, anterior
cruciate ligament; NA, not applicable.

TABLE 2
Comparison of the Number of Dejour Types Between the
ACL Injury and Control Groups®

Type A TypeB TypeC TypeD

ACL injury group, n (%) 51(91.1) 3(54) 1(1.8) 1(1.8)
Control group, n (%) 12 (100) 0 (0) 0 (0) 0 (0)

“ACL, anterior cruciate ligament.

greater levels of competition.® Identifying the risk factors
for ACL injury to the knee can help reduce its occurrence.
One anatomical factor that has been subject to considerable
debate is the morphology of the femoral trochlear dysplasia
and patella alta.'8 To date, there is little literature on
the clinical associations between ACL injury and these 2
anatomical phenomena. In patients with femoral trochlear
dysplasia, the proximal femoral trochlear joint surface
becomes flat, and distal irregularities appear less pro-
nounced.” In more severe cases, as the hypoplasia of the
medial joint surface increases, the femoral trochlear joint
surface may become convex.” The involvement of normal
femoral trochlear anatomy is essential for the biomechanics
of knee flexion and extension. In addition, femoral troch-
lear dysplasia may increase ACL loading in partially flexed
knees because of defects in the extensor mechanism.®
Malignant tracking of the PF joint with subluxation of the
patella may also occur. The stress mainly affects the side of
the patella, which increases disproportionately and causes
degeneration of the patellar cartilage.*

Only 2 studies have previously examined these 2 ana-
tomical phenomena.'® Ntagiopoulos et al'® took measure-
ments from radiographs that had been obtained with knees
positioned in standardized 30° of flexion.'® Another study
was performed using MRI but included only adult partici-
pants.! MRI provides a more accurate bony morphology for
measurement of the 2 anatomical phenomena, especially in
the pediatric population. In addition, MRI has several ben-
efits over both radiography and computed tomography,
including no need for radiation exposure and the ability
to reveal cartilage defects and muscle and ligament inju-
ries.!® 21 Although Stepanovich et al?® found that the
Dejour classification of pediatric patients using MRI has
low reliability, the intraobserver and interobserver
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reliability of our study were 1 and 0.71, respectively. There-
fore, we chose MRI, a more sophisticated modality than
radiographs and we were able to obtain direct measure-
ments of both femoral trochlear dysplasia and patella alta.

Botchu et al? found a significant correlation between
Dejour type A trochlear dysplasia and ACL injury in
adults.? This trend is also found in previous research®®,
however, Botchu et al examined only the ACL injury group
and did not include a control group.

There have been different rates of femoral trochlear dys-
plasia among studies. In the studies of Botchu et al,2 Nta-
giopoulos et al,*® Chen et al,® and Akgiin and Agirman,® the
percentages were 61%, 48%, 30%, and 15%, while this was
48% in our study. Individual morphometric characteristics
are associated with genetic, environmental, and cultural
conditions as well as lifestyle, health, and functional sta-
tus.!® Therefore, these variations can complicate develop-
ment of a standard or interpretation of values that are
considered “typical.”'® However, as shown in previous stud-
ies, Dejour type A trochlear dysplasia accounted for the
most prevalent finding in our study.'®!® In addition, the
prevalence of femoral trochlear dysplasia was significantly
higher among patients with an ACL injury in our study.
This was similar to 2 previous studies in which ACL injury
was correlated with femoral trochlear dysplasia.'® There-
fore, we surmise that femoral trochlear dysplasia is associ-
ated with an ACL injury.

In terms of patella alta, the degree of flexion needs to be
higher for the patella to engage with the femoral trochlea
compared with a healthy knee. This causes contact stress
between the femoral trochlea and patella and can lead to
greater tension or tearing of the ACL.!! However, the
mechanism of injury has not been established clearly, and
some studies have reported the simultaneous rupture of the
ACL and the patellar tendon.! Our study showed that the
ISR was not significantly different between the ACL injury
and control groups. Among the various methods that mea-
sure patella alta, the ISR method was used because the true
patellar tendon lengths could be measured using sagittal
MRI.2° In addition, the correlation between ISR index >1.2
and presence of ACL injury was not significant. This is
different from the results of Akgiin and Agirman,! who
reported increased patellar tendon lengths and ISR values
in patients with ACL injuries compared with healthy con-
trols. However, their results showed that the difference in
the ISR value between the ACL injury group and the con-
trol group was only 0.03. Although the standard deviation
was small, there was statistical significance; however, it is
difficult to conclude that this is a clinically significant dif-
ference. Further, although there was a difference between
their results and ours, Akgun and Agirman reported an
8.1% prevalence of patella alta and reported it as a possible
risk factor for ACL injury. Our result for prevalence of
patella alta was quite similar at 8.6%. Elsewhere, Ntagio-
poulos et al'® showed that the correlation between Caton-
Deschamps index >1.2 and presence of trochlear dysplasia
was not significant.

Our results highlight the importance of assessing for
anatomic characteristics that may affect the injury pattern.
We believe that femoral trochlear dysplasia meaningfully
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changes the knee biomechanics, increasing the risks of ACL
loading and injury in skeletally immature patients. How-
ever, in the case of patella alta, further research is needed
to determine whether it is a risk factor for ACL injury.

There are several limitations to the present study. First,
only Korean pediatric patients were examined; future
investigations should include other populations from the
Asia-Pacific to establish a general database for this region.
Second, patients were matched for age and sex but not for
height, weight, or activity level. Third, the design of this
study was retrospective, although it would be difficult and
expensive to prospectively image and follow up uninjured
patients in anticipation of ACL injury. Fourth, the anatom-
ical structure directly related to trochlear dysplasia and
ACL injury, such as intercondylar notch, was not mea-
sured. Finally, the study cases were selected from a single
institution and the sample size was small. Further research
is needed to determine whether the coexistence of patella
alta and femoral trochlear dysplasia can constitute a risk
factor for ACL injury.

CONCLUSION

Our results showed that the prevalence of femoral trochlear
dysplasia was higher among patients with ACL injuries, and
the morphological differences between pediatric patients
with and without ACL injury indicated that femoral troch-
lear dysplasia is associated with ACL injury in skeletally
immature patients. In particular, Dejour type A femoral
trochlear dysplasia was correlated with ACL injury in skel-
etally immature patients. In the case of skeletally immature
patient with femoral trochlear dysplasia, the possibility of
ACL damage exists; thus, it is necessary to screen this and
receive rehabilitation, such as reinforcement of the extensor
mechanism, to reduce the possibility of ACL damage.

ACKNOWLEDGMENT

The authors wish to thank Gihun Kim for his great help
with initial data acquisition.

REFERENCES

1. Akglin AS, Agirman M. Associations between anterior cruciate liga-
ment injuries and patella alta and trochlear dysplasia in adults using
magnetic resonance imaging. J Knee Surg. Published online March 4,
2020. doi:10.1055/s-0040-1702198

2. Botchu R, Obaid H, Rennie WJ. Correlation between trochlear dys-
plasia and anterior cruciate ligament injury. J Orthop Surg (Hong
Kong). 2013;21(2):185-188.

3. Chen M, Qin L, Li M, Shen J. Correlation analysis between femoral
trochlear dysplasia and anterior cruciate ligament injury based on CT
measurement. Quant Imaging Med Surg. 2020;10(4):847-852.

4. Christoforakis JJ, Strachan RK. Internal derangements of the knee
associated with patellofemoral joint degeneration. Knee Surg Sports
Traumatol Arthrosc. 2005;13(7):581-584.

5. Dartnell J, Hui JH. Commentary: correlation between trochlear dys-
plasia and anterior cruciate ligament injury. J Orthop Surg (Hong
Kong). 2013;21(2):141.

Dysplasia Correlates With Anterior Cruciate Ligament Injury 5

6. Degnan AJ, Maldjian C, Adam RJ, Fu FH, Di Domenica M. Compar-
ison of Insall-Salvati ratios in children with an acute anterior cruciate
ligament tear and a matched control population. AUR Am J Roent-
genol. 2015;204(1):161-166.

7. Diederichs G, Issever AS, Scheffler S. MR imaging of patellar insta-
bility: injury patterns and assessment of risk factors. Radiographics.
2010;30(4):961-981.

8. Domzalski M, Grzelak P, Gabos P. Risk factors for anterior cruciate
ligament injury in skeletally immature patients: analysis of intercondy-
lar notch width using magnetic resonance imaging. Int Orthop. 2010;
34(5):703-707.

9. Donaldson OW, Heal J, Mulford J, Wakeley CJ, Eldridge JDJ. Does
the plain radiograph accurately predict trochlear dysplasia? Pre-
sented at British Association for Surgery of the Knee 2010 Annual
Meeting; Oxford, UK, March 25-26, 2010. https://online.
boneandjoint.org.uk/doi/abs/10.1302/1358-992X.94BSUPP_IX.
BASK2010-061

10. Fucentese SF, von Roll A, Koch PP, Epari DR, Fuchs B, Schoéttle PB.
The patella morphology in trochlear dysplasia: a comparative MRI
study. Knee. 2006;13(2):145-150.

11. Futch LA, Garth WP, Folsom GJ, Ogard WK. Acute rupture of the
anterior cruciate ligament and patellar tendon in a collegiate athlete.
Arthroscopy. 2007;23(1):112.e111-e114.

12. Griffin LY, Agel J, Albohm MJ, et al. Noncontact anterior cruciate
ligament injuries: risk factors and prevention strategies. J Am Acad
Orthop Surg. 2000;8(3):141-150.

13. Insall J, Salvati E. Patella position in the normal knee joint. Radiology.
1971;101(1):101-104.

14. Kazley JM, Banerjee S. Classifications in brief: the Dejour classifica-
tion of trochlear dysplasia. Clin Orthop Relat Res. 2019;477(10):
2380-2386.

15. Koh YG, Nam JH, Chung HS, Kim HJ, Lee HY, Kang KT. Gender
differences exist in rotational anatomy of the distal femur in osteoar-
thritic knees using MRI. Knee Surg Sports Traumatol Arthrosc. 2020;
28(9):2990-2997.

16. Krych AJ, Johnson NR, Mohan R, Dahm DL, Levy BA, Stuart MJ.
Partial meniscectomy provides no benefit for symptomatic degener-
ative medial meniscus posterior root tears. Knee Surg Sports Trau-
matol Arthrosc. 2018;26(4):1117-1122.

17. McHugh ML. Interrater reliability: the kappa statistic. Biochem Med
(Zagreb). 2012;22(3):276-282.

18. Ntagiopoulos PG, Bonin N, Sonnery-Cottet B, Badet R, Dejour D. The
incidence of trochlear dysplasia in anterior cruciate ligament tears. Int
Orthop. 2014;38(6):1269-1275.

19. Oh YK, Kreinbrink JL, Wojtys EM, Ashton-Miller JA. Effect of axial
tibial torque direction on ACL relative strain and strain rate in an in
vitro simulated pivot landing. J Orthop Res. 2012;30(4):528-534.

20. Park MS, Chung CY, Lee KM, Lee SH, Choi IH. Which is the best
method to determine the patellar height in children and adolescents?
Clin Orthop Relat Res. 2010;468(5):1344-1351.

21. Pfirrmann CW, Zanetti M, Romero J, Hodler J.Femoral trochlear dys-
plasia: MR findings. Radliology. 2000;216(3):858-864.

22. Prodromos CC, Han Y, Rogowski J, Joyce B, Shi K. A meta-analysis
of the incidence of anterior cruciate ligament tears as a function of
gender, sport, and a knee injury-reduction regimen. Arthroscopy.
2007;23(12):1320-1325.e1326.

23. Shambaugh JP, Klein A, Herbert JH. Structural measures as predic-
tors of injury basketball players. Med Sci Sports Exerc. 1991;23(5):
522-527.

24. Souryal TO, Freeman TR. Intercondylar notch size and anterior cruci-
ate ligament injuries in athletes: a prospective study. Am J Sports
Med. 1993;21(4):535-539.

25. Stepanovich M, Bomar JD, Pennock AT. Are the current classifica-
tions and radiographic measurements for trochlear dysplasia appro-
priate in the skeletally immature patient? Orthop J Sports Med. 2016;
4(10):2325967116669490.


https://online.boneandjoint.org.uk/doi/abs/10.1302/1358-992X.94BSUPP_IX.BASK2010-061
https://online.boneandjoint.org.uk/doi/abs/10.1302/1358-992X.94BSUPP_IX.BASK2010-061
https://online.boneandjoint.org.uk/doi/abs/10.1302/1358-992X.94BSUPP_IX.BASK2010-061

	Correlation of Femoral Trochlear Dysplasia With Anterior Cruciate Ligament Injury in Skeletally Immature Patients
	METHODS
	Statistical Analysis

	RESULTS
	DISCUSSION
	Conclusion
	Acknowledgment
	References



<<
  /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


