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Improved Plaque Removal Efficacy 
with a New Manual Toothbrush

Aim:  To compare the safety and efficacy of two manual toothbrushes, Oral-B Exceed and Asian Colgate 360º, 
in removing plaque.

Methods and Materials:  The study used an examiner-blind, two-treatment, randomized, four-period (visits) 
crossover design. At the first visit, subjects received a baseline plaque examination; plaque was scored using
the Rustogi et al. Modified Navy Plaque Index (RMNPI) and the Turesky et al. Modified Quigley-Hein Plaque 
Index (TQHPI). Subjects used their assigned toothbrush for one minute. Post-brushing plaque was assessed. 
The following three visits were separated by an interval of two to six days. At each visit, subjects were assigned 
brushes according to their treatment sequence and plaque was scored per the first visit.

Results:  Forty-eight subjects were enrolled in the study; 47 were included in the analysis. Both brushes 
were found to be safe and both significantly reduced plaque after a single brushing. The Oral-B Exceed was
significantly (p<0.001) better than the Asian Colgate 360º at removing whole mouth plaque (18.1% using 
TQHPI; 9% using RMNPI). The Oral-B Exceed was also significantly better at removing marginal (p=0.001) and
approximal (p=0.022) plaque.

Conclusion:  The Oral-B Exceed brush removed significantly more whole mouth, approximal, and gingival
margin plaque than the Asian Colgate 360º in a four-period crossover clinical comparison.
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Introduction
Good oral hygiene is essential for preventing 
dental caries and gingivitis, the most common
periodontal disease, and it is well acknowledged 
effective daily removal of plaque biofilm plays a
central role in maintaining oral health.1-7 Of all the 
oral hygiene methods available, toothbrushing is 
the most commonly used. Some people use no
other means of plaque removal.

Numerous short- and long-term comparative 
studies have explored the relative benefits
of manual versus powered toothbrushes for
the effective mechanical removal of plaque. 
Despite evidence that certain powered models, 
namely those with rotation-oscillation action, 
are consistently more effective than manual 
brushes in reducing plaque and gingivitis,8-9 the
manual toothbrush is likely to remain in common
use. Manual toothbrush manufacturers continue
to address the need for improved cleaning 
efficiency by developing new models with design
modifications aimed at achieving improved 
plaque removal, regardless of the variations
and inconsistencies in brushing technique 
seen in manual toothbrush users in the general
population.10,11

Clinical studies are crucial for establishing the
relative merits of various models as they become
available. Typically, both single-use and long-
term studies are conducted to examine the 
proposed superiority of a new toothbrush, as 
seen for example with the introduction of the
manual Oral-B® CrossAction® (Procter & Gamble,
Cincinnati, OH, USA) design.12-15 Ideally, clinical
data should be periodically reviewed to determine 

whether the advantages continue to be robust 
when further comparisons are made with both
existing models and new designs as they appear
on the market.16

A new Oral-B manual toothbrush, Exceed, 
incorporates modifications to an existing 
toothbrush design. These include a crisscross
bristle pattern with angulated bristle tufts and a
power tip. Another recent approach to manual 
toothbrush design is the Asian Colgate® 360°®

(Colgate-Palmolive, New York, NY, USA).
Features include multifunctional bristles, polishing
cups, and a tongue cleaner.

The present study compared plaque removal
following a single brushing with these two
commercially available manual brushes in order 
to establish their relative advantages and used a 
four-period repeated single use crossover design
to control for residual (carryover) effects. Two
indices commonly used for assessing plaque 
removal are the Rustogi et al. Modified Navy 
Plaque Index (RMNPI)17 and the Turesky et al.
Modified Quigley-Hein Plaque Index (TQHPI).18,19

Although these indices score plaque in different
ways, there are strong positive correlations
between them.20 If there is a real clinical
advantage for plaque removal with one of the 
brushes in the present study, then this should be
expressed regardless of which index is used.

Methods and Materials

Study Devices
The two manual toothbrushes used in this study 
were the Oral-B Exceed and the Asian Colgate 
360° (Figure 1). The dentifrice used was Crest 
Cavity Protection Toothpaste (Procter & Gamble, 
Cincinnati, OH, USA).

Subjects
For inclusion in each study, subjects were
required to be in good general health, between 18 
and 70 years of age, and have a minimum of 16 
scorable teeth (not including third molars, crowns, 
and surfaces with cervical restorations). In
addition, the subjects had to be willing to refrain
from all oral hygiene procedures for at least 23-25
hours prior to each study visit and from eating,
drinking, chewing gum, and smoking for four
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controls with respect to plaque scores. With the 
TQHPI, buccal and lingual aspects on all teeth
were scored (i.e., for 28 teeth there was a total of
56 sites). Scoring was as follows:

0 = no plaque/debris
1 = separate flecks of plaque at the cervical

margin of the tooth
2 = a thin continuous band of plaque (up to 1 

mm) at the cervical margin of the tooth
3 = a band of plaque wider than 1 mm but 

covering less than one third of the crown of 
the tooth

hours prior to each study visit. Other reasons for
excluding subjects included evidence of neglected 
dental health and participation in any other clinical 
study for the duration of this study. All subjects
provided written informed consent and completed
a health history form prior to study entry.

Study Design
The study evaluated plaque reduction following 
a single brushing and used an examiner-blind, 
two-treatment, randomized, four-period (visits),
repeated single use crossover design with the
following treatment sequences that determined 
the order in which the two toothbrushes were
assigned: ABBA, BAAB, AABB, BBAA. Subjects 
were assigned in a ratio of 1:1:1:1 to one of the
four randomization sequences.

Between the four study visits subjects used their
own dental hygiene products at home. At the 
first study visit, subjects who provided written
informed consent and were eligible for the study 
in terms of the inclusion and exclusion criteria
received an oral hard and soft tissue examination. 
Subjects then swished with red disclosing solution
for one minute to disclose any accumulated
plaque. They then received a baseline plaque
examination.

Plaque was scored first by the primary examiner
with the TQHPI (Figure 2).

The primary examiner had previously participated 
in a calibration study where the examiner
differentiated therapeutic rinses from placebo 

Figure 1. Toothbrushes: (a) Oral-B Exceed (b) Asian Colgate 360°.

Figure 2. Rustogi et al. Modification of the Navy 
Plaque Index.17 Disclosed plaque is scored in each 
tooth area as present (scored as 1) or absent (scored 
as 0) and recorded for both buccal and lingual 
surfaces. Whole mouth = areas A, B, C, D, E, F, 
G, H and I; Marginal (gumline) = areas A, B and C; 
Interproximal (approximal) = areas D and F
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period, and residual (carryover) effects was
performed. If the carryover term had p>0.1, then
this term was dropped from the model and a final
ANCOVA was performed to test for treatment 
differences. All treatment comparisons were two-
sided and used a significance level of α=0.05.

Results
A total of 48 subjects were enrolled in the study.
One of these subjects missed the second and 
third visit and was withdrawn from the study 
prior to visit four. Of the 47 subjects whose data 
were analyzed, 38 subjects had data for all four 
visits and nine subjects each missed one visit. 
No subject withdrew from either study because 
of adverse effects related to treatment. Table 1
shows the demographic data for the subjects
included in the analyses.

The ANCOVA revealed no statistically significant
carryover effects (p>0.1), and this term was 
dropped from the final analysis for treatment 
group differences. Mean TQHPI and RMNPI
scores for pre-brushing and for post-brushing
plaque reduction are shown for both groups
in Table 2 together with p-values for group 
differences. The advantage to Oral-B Exceed
was significant (p<0.001) for the whole mouth
according to TQHPI and for whole mouth
(p<0.001), marginal (p=0.001), and approximal 
(p=0.022) scores according to RMNPI.

For TQHPI, Oral-B Exceed had an adjusted mean
reduction in whole mouth plaque scores that 
was 18.1% greater than the Asian Colgate 360° 
toothbrush. For RMNPI, the superiority of Oral-B
Exceed over Asian Colgate 360° is illustrated in 

4 = plaque covering at least one third but less 
than two thirds of the crown of the tooth

5 = plaque covering two thirds or more of the 
crown of the tooth

This was followed by a secondary examiner, 
who was newly trained, using the RMNPI. With
the RMNPI, plaque was evaluated on each of 
the nine areas of the buccal and lingual tooth 
surfaces (i.e., for 28 teeth there was a total of
504 sites). Plaque was scored as either present 
(score = 1) or absent (score = 0). Whole mouth, 
marginal, and approximal areas were defined as
shown in Figure 3.

Subjects were then instructed to brush for one
minute with their assigned toothbrush and the 
toothpaste. Brushing was supervised but was
unaided by access to a mirror. After brushing, 
the subjects again swished with red disclosing 
solution in order to disclose any remaining
plaque. A post-brushing plaque examination was 
then performed by the primary examiner which 
was followed by a plaque examination by the 
trainee examiner. Each of the following three
visits occurred in turn separated by an interval 
of two to six days, and subjects were assigned 
brushes according to their treatment sequence. 
The same disclosing, brushing, and plaque 
grading procedures were followed at each visit.

Data Analysis
A sample size of 45 completed subjects was
estimated for this study based on plaque removal
data from the primary examiner to ensure an 80%
(power = 1–β) or greater chance of detecting 
a group treatment difference of about 0.05 as 
measured by the TQHPI.

Average whole mouth TQHPI scores obtained 
for each subject were scored at baseline and
following brushing the differences (baseline
minus postbrushing) were calculated. Analysis of 
covariance (ANCOVA) for a crossover design was
applied to the differences, with baseline scores 
as covariates, to assess treatment effects. The
RMNPI scores were analyzed using ANCOVA 
separately for average whole-mouth scores,
average gingival margin scores, and average 
interproximal scores with the appropriate scores 
as the covariate. For each variable, an initial
ANCOVA model with terms for subject, treatment,

Figure 3. Tooth areas graded by the Turesky et 
al. Modified Quigley Hein Plaque Index.18,19
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Table 1. Demographic Characteristics.

Table 2. Pre-brushing and post-brushing plaque reduction. 
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compliance with recommended brushing time and
frequency during normal home use.21-24

Comparative clinical studies are crucial for
assessing the relative effectiveness of different 
brushes. Single-use clinical studies are widely used
to assess the efficacy of new toothbrushes and 
in fact plaque removal results obtained in these 
studies have been shown in several cases to be 
in agreement with plaque reduction levels and
improvements in gingival health over time.12,14,15,25,26

In order to ensure valid treatment comparisons 
would result from this crossover study, a four-
period design with sequences AABB, BBAA, 
ABBA, and BAAB was chosen. This is the optimal 
four period design for estimating treatment effects 
and carryover effects.27 No statistically significant
carryover effects existed but even if they had, the
treatment comparisons would have been valid.

In the present short-term study with a four-period 
crossover design both toothbrushes removed
plaque from the whole mouth, gingival margins,
and approximal surfaces and both brushes were 
safe (i.e., did not cause any trauma to hard or soft
tissue). Oral-B Exceed was found to be significantly 
more effective than the Asian Colgate 360° at
removing whole mouth plaque when measured 
with either the TQHPI (p<0.001) or the RMNPI 
(p<0.001). The Oral-B Exceed was found to be
18.1% more effective than the Asian Colgate 360°
at whole mouth plaque removal when assessed
using the TQHPI and 9% more effective when
assessed using the RMNPI.

The superior plaque removal demonstrated by 
Exceed is likely related to brush design. The Asian 

Figure 4 for whole mouth (9%), marginal (8.9%),
and approximal (7.4%) sites.

Oral safety examinations were normal, and there
were no reports of any treatment related adverse
effects.

Discussion
Toothbrush manufacturers need to consider 
many different aspects when designing new 
models to meet the challenge of enhancing
plaque biofilm removal through improved 
toothbrushing effectiveness. The size and 
shape of the brush head, filament material
and configuration, and brush handle design all
have the potential to influence the user and the
efficiency of the brush as a whole.10,11 Research 
into these design aspects has led to novel
ergonomic and technological advances aimed at 
improving clinical efficacy as well as maximizing 
user comfort and acceptability to foster user 

Figure 4. Percent plaque reduction superiority for Oral-B 
Exceed over Asian Colgate 360º using RMNPI.
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with the single-use crossover design to reveal a
consistent difference (in favor of the CrossAction
Vitalizer) in plaque removal efficacy at gingival 
margins and approximal surfaces across a 
series of comparisons between different manual 
toothbrushes.28 Using this index in the present 
short-term study, the Oral-B Exceed was found 
to be significantly more effective than the Asian 
Colgate 360° at removing both gingival plaque 
(p=0.001) and approximal plaque (p=0.022). At
the gingival margin, the Oral-B Exceed was 8.9% 
more effective at removing plaque than the Asian 
Colgate 360° and on approximal surfaces the 
Oral-B Exceed was 7.4% more effective.

Conclusions
Improving plaque removal is fundamental to
preventing dental disease, given the known effect 
of the bacterial plaque biofilm on caries initiation 
and periodontal health. This study shows the 
Oral-B Exceed is a manual toothbrush offering 
significant plaque removal advantages over the 
Asian Colgate 360º. The significant advantage for 
the Oral-B Exceed was shown not only for whole 
mouth plaque removal but for crucial plaque 
removal in hard to reach areas at the approximal
surfaces and along the gingival margins which
can be difficult to access using normal brushing
techniques.

Colgate 360° is an advanced design manual 
toothbrush which includes the following bristle 
features: cleaning tips on the heel and toe of
the brush for cleaning in hard to reach areas;
polishing cups to hold toothpaste against the 
teeth; and vertical tapered bristles for interdental
cleaning. The Oral-B Exceed toothbrush has a 
criss-cross configuration of the bristles angled in
opposite directions to enhance penetration and 
cleaning between teeth relative to toothbrushes 
with the vertical bristle configuration.

Strong correlations have been demonstrated 
between the TQHPI and RMNPI in assessments
of toothbrush effectiveness.20 The demonstration 
of superiority using both indices in the present 
study was an indication of the robust nature
of this finding. Numerically different levels of
superiority were seen with these two indices,
but this may have been because the two 
indices were applied by different examiners.
The RMNPI is a valuable index for assessing
plaque removal on hard to reach surfaces (e.g., 
gingival margins and approximal surfaces) 
where plaque readily accumulates.21,23 It is
important for clinical outcome evaluation that
long-term studies be included in assessments 
of plaque removal in these regions. This same 
index has also been successfully employed

References
1. Mandel ID. Dental plaque: Nature, formation, and effects. J Periodontol. 1966; 37:357-367.
2. Briner WW. Plaque in relation to dental caries and periodontal disease. Int Dent J. 1971; 21:293-301.
3. Jenkins GN. Current concepts concerning the development of dental caries. Int Dent J. 1972; 

22:350-362.
4. Axelsson P, Lindhe J. Effect of controlled oral hygiene procedures on caries and periodontal disease 

in adults. J Clin Periodontal. 1978; 5:133-151.
5. Frandsen A. Mechanical oral hygiene practices. State-of-the-science review. In: Löe H, Kleinman DV.

Dental plaque control measures and oral hygiene practices. Proceedings from a state-of-the-science
workshop. Oxford, England: IRL Press, 1986: 93-116.

6. Yankell SL. Toothbrushing and toothbrushing techniques. In: Harris NO, Christen AG. Primary 
preventive dentistry. 3rd Ed. Norwalk, CT: Appleton and Lange, 1991; 79-106.

7. Axelsson P. Needs-related plaque control measures based on risk prediction. In: Lang NP, Attström 
R, Löe H. Proceedings of the European workshop on mechanical plaque control. Chicago: 
Quintessence, 1998: 190-247.

8. Heanue M, Deacon SA, Deery C, Robinson PG, Walmsley AD, Worthington HV, Shaw WC. Manual
versus powered toothbrushing for oral health (Cochrane Review). In: The Cochrane Library, Issue 2,
2003. Oxford: Update Software.

9. Robinson PG, Deacon SA, Deery C, Heanue M, Walmsley AD, Worthington HV, Glenny AM, Shaw
WC. Manual versus powered toothbrushing for oral health. The Cochrane Database of Systematic 
Reviews 2005, Issue 2. Art. No.: CD002281.pub2. DOI: 10.1002/14651858.CD002281.pub2.



8
The Journal of Contemporary Dental Practice, Volume 9, No. 4, May 1, 2008

10. Beals D, Ngo T, Feng Y, Cook D, Grau DG, Weber DA. Development and laboratory evaluation of a
new toothbrush with a novel brush head design. Am J Dent. 2000; 13(Sp Iss):5A-14A.

11. Hohlbein DJ, Williams MI, Mintel TE. Driving toothbrush innovation through a cross-functional
development team Compend Contin Educ Dent. 2004; 25(10 suppl 2):7-11.

12. Cronin MJ, Dembling WZ, Low ML, Jacobs DM, Weber DA. A comparative clinical investigation of a 
novel toothbrush designed to enhance plaque removal efficacy. Am J Dent. 2000; 13(Sp Iss):21A-
26A.

13. Cronin MJ, Dembling WZ, Jacobs DM, Low ML, Warren PR. A comparative single-use clinical study 
of the efficacy of two manual toothbrushes with angled bristles. Am J Dent. 2001; 14:263-266.

14. Sharma NC, Qaqish JG, Galustians HJ, King DW, Low ML, Jacobs DM, Weber DA. An advanced 
toothbrush with improved plaque removal efficacy. Am J Dent. 2000; 13:15A-19A.

15. Sharma NC, Qaqish JG, Galustians HJ, King DW, Low ML, Jacobs DM, Weber DA. A 3-month 
comparative investigation of the safety and efficacy of a new toothbrush: Results from two 
independent clinical studies. Am J Dent. 2000; 13(Sp Iss):27A-32A.

16. Cugini MA, Warren PR. The Oral-B CrossAction manual toothbrush: A 5-year literature review. J Can
Dent Assoc. 2006; 72(4):323.

17. Rustogi KN, Curtis JP, Volpe AR, Kemp JH, McCool JJ, Korn LR. Refinement of the Modified Navy 
Plaque Index to increase plaque scoring efficiency in gumline and interproximal tooth areas. J Clin 
Dent. 1992; 3(Suppl C):C9-C12.

18. Quigley GA, Hein JW. Comparative cleaning efficacy of manual and power brushing. J Am Dent
Assoc. 1962; 65:26-29.

19. Turesky S, Gilmore ND, Glickman I. Reduced plaque formation by the chloromethyl analogue of 
Victamine C. J Periodontol. 1970; 41:41-43.

20. Cugini MA, Thompson M, Warren PR. Correlations between two plaque indices in assessment of
toothbrush effectiveness. J Contemp Dent Pract. 2006; 7:1-9.

21. Furuichi Y, Lindhe J, Ramberg P, Volpe AR. Patterns of de novo plaque formation in the human 
dentition. J Clin Periodontol. 1992; 19:423-433.

22. Macgregor ID, Rugg-Gunn AJ. Toothbrushing duration in 60 uninstructed young adults. Community
Dent Oral Epidemiol. 1985; 13:121-122.

23. Cumming BR, Löe H. Consistency of plaque distribution in individuals without special home care 
instruction. J Periodontol Res. 1973; 8:94-100.

24. Gift HC. Current utilization patterns of oral hygiene practices. In: Löe H, Kleinman DV. Dental plaque
control measures and oral hygiene practices. Oxford, England: IRL Press, 1986; 39-71.

25. Mankodi S, Wachs GN, Petrone DM, Chaknis P, Petrone M, DeVizio W, Volpe AR. Comparison
of the clinical efficacy of a new manual toothbrush on gingivitis reduction and plaque removal. 
Compend Contin Educ Dent. 2004; 25(10 suppl 2):28-36.

26. Nathoo S, Chaknis P, Petrone M, De Vizio W, Volpe AR. A clinical comparison of the gingivitis 
reduction and plaque-removal efficacy of a new manual toothbrush. Compend Contin Educ Dent. 
2004; 25(10 suppl 2):37-45.

27. Jones B, Kenward MG. Design and analysis of cross-over trials. 2nd ed. Boca Raton, Chapman & 
Hall/CRC 2003, 141.

28. Sharma NC, Qaqish JG, Galustians HJ, Cugini MA, Thompson MC, Warren PR. Plaque removal 
efficacy and safety of the next generation of manual toothbrush with angled bristle technology: 
Results from three comparative clinical studies. Am J Dent. 2005; 18:3-7.



9
The Journal of Contemporary Dental Practice, Volume 9, No. 4, May 1, 2008

About the Authors

Acknowledgements
The authors thank Dr. Jane Mitchell (MWS Ltd, UK) for writing assistance. This study was supported by 
The Procter & Gamble Company.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /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

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] 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.)
  >>
  /ExportLayers /ExportVisiblePrintableLayers
  /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 /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /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


