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The adjunct effectiveness of diode laser gingivectomy in maintaining

periodontal health during orthodontic treatment
A randomized controlled clinical trial

Tony N.F. To*; A. Bakr M. Rabie®; Ricky W.K. Wong°; Colman P. McGrath*

ABSTRACT

Objective: To evaluate the effectiveness of diode laser gingivectomy as an adjunct to nonsurgical
periodontal treatment in the management of periodontal health among patients receiving fixed
orthodontic appliance therapy (FOAT).

Materials and Methods: Thirty patients undergoing FOAT with gingival enlargement were block
randomized into two treatment groups. The test group received diode laser gingivectomy (940-nm
diode laser, ezlase, Biolase Technology Inc) as an adjunct to nonsurgical periodontal treatment.
The control group received nonsurgical periodontal treatment only. For both groups, five
periodontal parameters were assessed at baseline, 1 month, 3 months, and 6 months: Plaque
Index, Gingival Index, bleeding on probing, probing pocket depth, and Gingival Overgrowth Index.
Intra- and intergroup variations in the periodontal parameters were determined over time.
Results: Both groups showed statistically significant improvements in periodontal health over the
study period (P < .05). However, significant improvements in periodontal health were evident
earlier among the test group subjects (P < .05). The magnitude of improvement in periodontal
health compared to baseline was greater in the test group than in the control group for Gingival
Overgrowth Index at 1 month (P < .001) and 3 months (P < .05), Gingival Index at 3 months
(P < .05) and 6 months (P < .05), and probing pocket depth at 1 month (P < .05).
Conclusions: Nonsurgical periodontal management with or without the adjunct use of lasers can
be effective in the management of gingival health problems among patients receiving FOAT. The
adjunctive use of lasers can produce an earlier and greater improvement in gingival health. (Angle
Orthod. 2013;83:43—-47.)
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INTRODUCTION

Fixed orthodontic appliance therapy (FOAT) is
frequently associated with pathological changes in
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the periodontal tissues.”™ The presence of fixed
appliances can increase plaque stagnation, impede
oral hygiene, and cause a shift in the oral microbial
ecosystem to more periodontopathogenic oral bio-
films.® Clinical studies have frequently reported on the
development of chronic periodontal inflammation, loss
of clinical attachment, and gingival enlargement
among orthodontic patients.®”

Gingival enlargement is one of the most common
soft tissue problems associated with FOAT, with a
reported prevalence of almost 10%.” Gingival enlarge-
ment further impedes the maintenance of oral hygiene
(thereby resulting in further damage to periodontal
tissues), causes aesthetic and functional problems,
and has been reported to compromise orthodontic
tooth movement.®®

In the management of gingival enlargement, metic-
ulous (self-care) oral hygiene is the first line of
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defense, but motivation to maintain oral hygiene can
be inadequate in some patients; thus, this approach
has limited success.” The use of mouth rinses is a
useful adjunctive self-care approach to the manage-
ment of gingival enlargement, but it, too, relies on
patient compliance; in addition, there can be some side
effects with long-term use." Nonsurgical periodontal
treatment (including oral hygiene instruction, scaling,
root planing, and prophylaxis) is the conventional
management approach for gingival enlargement but
is not always effective when gingival enlargement is
extensive and self-care is compromised.'?

This in turn has led to surgical approaches to the
management of gingival enlargement. However, this is
considered by many as very invasive and may not
be effective if self-care oral hygiene practices remain
poor.”™ In recent decades, considerable attention has
focused on the use of lasers (diode, erbium:yttrium-
aluminum-garnet, neodymium:yttrium-aluminum-garnet,
carbon dioxide, and erbium,chromium—doped yttrium-
scandium-gallium-garnet lasers of varying wavelengths)
as adjunct management approaches to enhance non-
surgical periodontal treatment, as they offer a less
invasive surgical approach.''® The diode laser has
been used for gingivectomy procedures and involved the
removal of gingival soft tissues only. Evidence of the
effectiveness of lasers as an adjunct measure to
nonsurgical periodontal treatment in the management
of gingival enlargement among patients receiving FOAT
remains uncertain.?®23

The aim of this randomized controlled clinical trial
was to evaluate the effectiveness of diode laser
gingivectomy as an adjunct to nonsurgical periodontal
treatment in the management of periodontal health
among patients receiving FOAT.

MATERIALS AND METHODS

This study was a randomized controlled parallel
clinical trial. Subjects were recruited from among
patients undergoing FOAT who had received ongoing
nonsurgical periodontal treatment and instructions on
oral hygiene but had persistent gingival enlargement.
Participating patients had to be fit, healthy nonsmokers
undergoing active FOAT who were between 10 and
40 years of age (inclusive) and who displayed gingival
enlargement on the labial side of the anterior teeth.
Patients taking medications that may cause drug-
associated gingival enlargement (eg, calcium channel
blockers, anticonvulsants, or immunosuppressants) or
who were currently pregnant or lactating were excluded.

Subjects were block randomized (in groups of four)
to two treatment groups (test and control groups). The
test group received diode laser gingivectomy (940-nm
diode laser, ezlase, Biolase Technology Inc, Irvine,
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Calif) as an adjunct to nonsurgical periodontal treatment
on sites with gingival enlargement. The diode laser
gingivectomy was performed under topical anesthetic
gel (a mixture of lidocaine 20%, phenylephrine 2%, and
tetracycline 4% [TAC 20% Alternate, Professional Arts
Pharmacy, Baltimore, Md] applied 5 minutes prior to
operation). No infiltration anesthesia was given. The
laser fiber tip (300 um in diameter) was held at 1 mm
from the gingival tissue, and the gingivectomy was
performed with gentle, sweeping brush strokes with a
power output of 1 W in pulsed mode (pulse length of
0.05 ms, pulse interval of 0.2 ms). High-volume suction
was used to evacuate the laser plume and charred odor.
Patients were checked for hemostasis and were given
postoperative instructions. Acetaminophen (500-mg
tablet gid prn X 3/7) was given to patients for pain
control. The control group received nonsurgical peri-
odontal treatment only. Five periodontal parameters
were assessed at baseline, 1 month, 3 months, and
6 months: Silness and Lée Plaque Index (PI),2* Lée and
Silness Gingival Index (Gl),?® bleeding on probing
(BOP),?¢ probing pocket depth (PPD),?® and Gingival
Overgrowth Index (GOI).”

The key outcome measure was GOI. Nonsurgical
periodontal treatment has been shown to produce an
18.2% reduction in GOL.?® In estimating the sample
size, it was hypothesized that the adjunctive use of
lasers would produce a further improvement of at least
10%. A sample size of 13 was estimated to have 80%
power to identify a significant difference between
the test (adjunct use of lasers) and control groups
(nonsurgical periodontal treatment). To account for
potential dropouts, 30 subjects were recruited.

Data were analyzed using SPSS Statistics software,
version 19.0.0 (SPSS Inc, Chicago, lll). Reliability of
the five periodontal assessments was conducted
among 10 patients throughout the study. Variations
in the periodontal parameters over time were assessed
using repeated-measures analysis of variance. Intra-
group comparisons at 1 month, 3 months, and 6 months
with baseline assessments were conducted using the
paired ttest. Intergroup comparisons of the magnitude
of change in the periodontal parameters compared to
baseline were conducted at each examination using
Student’s ttest. The significance level was set at
P < .05.

The study was approved by the Institutional Review
Board of the University of Hong Kong/Hospital
Authority Hong Kong West Cluster (UW 10-396). The
methodology followed the CONSORT 2010 guide-
lines®® and was registered at the US Clinical Trials
Registry (www.clinicaltrials.gov, NCT01286298). The
research was carried out in accordance with the World
Medical Association Declaration of Helsinki on Ethical
Principles for Medical Research Involving Human
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Figure 1. Flow diagram of the study process.

Subjects, and subjects provided informed written
consent.

RESULTS

A flow chart of the recruitment protocol for this study
is presented in Figure 1. The mean age of the 30
participating subjects was 18.08 = 4.2 years, and
50.0% were female. There were significant changes in
all five periodontal parameters over the study period
(Table 1) (P < .05). Intragroup comparisons within the
test group identified significant changes in several of
the periodontal parameters compared to baseline
(Table 2): percentage of sites with plague at 1 month
(P < .05), 3 months (P < .01), and 6 months (P < .01);
percentage of sites with BOP at 1 month (P < .01),
3 months (P < .01), and 6 months (P < .05);
percentage of sites with gingival inflammation at
3 months (P < .01) and 6 months (P < .01); mean

Table 1. Variations in Periodontal Parameters Over the Study Period
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PPD at 1 month (P < .01), 3 months (P < .01), and
6 months (P < .01); and percentage of sites with
gingival overgrowth at 1 month (P < .001), 3 months
(P < .001), and 6 months (P < .001). There were also
significant intragroup variations in the control group in
the clinical parameters compared to baseline: percent-
age of sites with plaque at 3 months (P < .05) and
6 months (P < .05); percentage of sites with BOP at
1 month (P < .05) and 6 months (P < .01); percentage
of sites with gingival inflammation at 6 months (P < .05);
mean PPD at 6 months (P < .01); and percentage of
sites with gingival overgrowth at 3 months (P < .05) and
6 months (P < .01).

Intergroup comparisons identified significant differ-
ences in the magnitude of change in some periodontal
parameters between the test and control groups
(Table 3). Significant differences in the change in the
percentage of sites with gingival enlargement (with
respect to baseline) between the test and control groups
were evident at 1 month (P < .001) and 3 months
(P < .01). The magnitude of change in the percentage of
sites with gingival inflammation was greater in the test
group compared to the control group at 3 months
(P < .05) and 6 months (P < .05). The magnitude of
changes in mean PPD was greater in the test group than
in the control group at 1 month (P < .05).

DISCUSSION

The response rate to the study was high; this most
likely relates to the fact that participants were receiving
ongoing FOAT and therefore were available for follow-
up assessments. Thus, patients undergoing FOAT can
be a useful group in which to conduct high-quality
clinical trials to address existing research gaps, not
only for orthodontic patients but for dental patients in
general. Of note, 7.5% of the patients screened had
evidence of gingival overgrowth, and this provides
further evidence of the high prevalence of this problem
among orthodontic patients. It has been suggested
that FOAT may increase the risk of periodontal
disease through increased plaque retention.®

Intragroup comparisons identified significant chang-
es in clinical parameters over time in both the test
and control groups. By 6 months there were significant
changes across all parameters compared to baseline

Variable Baseline Mean (SD) 1-mo Mean (SD) 3-mo Mean (SD) 6-mo Mean (SD) P
Pl (% of sites) 96.9 (7.7) 83.0 (27.8) 78.8 (24.3) 78.3 (23.3) .004
BOP (% of sites) 59.0 (24.6) 38.9 (25.8) 42.0 (26.3) 42.0 (26.3) <.001
Gl (% of sites) 98.0 (5.5) 86.8 (27.9) 82.7 (24.9) 81.7 (24.9) .015
PPD (mm) 0.77 (0.8) 0.32 (0.6) 0.19 (0.4) 0.18 (0.4) <.001
GOI (% of sites) 40.2 (21.0) 23.9 (25.7) 22.3 (22.7) 20.4 (18.3) <.001

* Repeated-measures analysis of variance.
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Table 2. Intragroup Comparisons of Periodontal Parameters Over Time
Group/Variable Baseline Mean (SD) 1-mo Mean (SD) 3-mo Mean (SD) 6-mo Mean (SD)
Test group
Pl (% of sites) 95.4 (9.7) 77.6 (29.3)* 70.5 (28.5)** 71.6 (26.5)**
BOP (% of sites) 51.9 (25.4) 26.5 (19.7)* 30.3 (23.5)** 34.9 (23.3)*
Gl (% of sites) 97.3 (6.0) 81.5 (29.7) 73.3 (30.7)** 721 (26.5)**
PPD (mm) 0.91 (1.0) 0. 21 (0.5)** 0. 12 (0.3)** 0. 22 (0.5)**
GOl (% of sites) 32.6 (22.9) 5 (5.4)** 8 (5.8)"** 7 (10.9)**
Control group
Pl (% of sites) 98.3 (5.1) 88.4 (26.1) 87.2 (16.4)* 84.9 (18.1)*
BOP (% of sites) 66.2 (9.2) 51.4 (25.7)* 53.7 (24.2) 44.7 (20.1)*
Gl (% of sites) 98.7 (5.0) 92.0 25 9) 92.1 (12.4) 91.2 (11.8)*
PPD (mm) 0.73 (0.7) 0.43 0.38 (0.6) 0.21 (0.4)*
GOl (% of sites) 47.7 (16.4) 44.3 21 1) 40.8 (17.3)* 31.2 (16.7)**

* P <.05; " P<.01; ™ P < .001 (paired t-test statistics).

in both groups, suggesting that nonsurgical periodontal
treatment with or without the adjunct use of laser
therapy can be effective in the management of gingival
health problems among patients receiving FOAT.
However, in the test group, significant changes in the
periodontal parameters were observed earlier—in some
instances within a month. Furthermore, the degree of
significant changes in periodontal health was larger and
more frequent among the test group patients.
Intergroup comparisons identified significant differ-
ences in the magnitude of change in some of the
clinical parameters between the test and control
groups. For example, change in the percentage of
sites with gingival overgrowth was significantly greater
in the test group compared to the control group after 1

Table 3. Intergroup Comparisons of the Magnitude of Changes in
Periodontal Parameters Over Time With Respect to Baseline
Mean (SD)
Variable 1-mo 3-mo 6-mo
Pl (% of sites)
Control 9.9 (26.5) 11.1 (16.4) 13.4 (18.5)
Test 17.8 (30.7) 25.0 (30.1) 23.8 (25.0)
P .455 131 .205
BOP (% of sites)
Control 14.8 (24.5) 12.5 (25.7) 21.5 (23.2)
Test 25.4 (32.6) 21.7 (24.1) 17.1 (28.3)
P .324 322 .645
Gl (% of sites)
Control 6.7 (25.8) 6.6 (12.8) 6.8 (11.9)
Test 15.8 (30.3) 24.0 (29.4) 25.3 (25.1)
P .382 .049 .018
PPD (mm)
Control 0.16 (0.40) 0.30 (0.61) 0.48 (0.63)
Test 0.73 (0.88) 0.80 (0.83) 0.69 (0.71)
P .036 .073 .390
GOl (% of sites)
Control 3.4 (10.3) 6.9 (10.1) 15.6 (19.5)
Test 29.1 (22.2) 28.9 (22.6) 24.0 (18.3)
P .001 .003 .236
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and 3 months. This indicates that the use of a laser can
quickly resolve gingival overgrowth, although its long-
term effectiveness was not evident. In addition, the
adjunct use of diode laser gingivectomy was more
effective in controlling gingival inflammation than
nonsurgical periodontal treatment alone at 3 and
6 months. The change in the mean PPD was greater
in the test group than in the control group at 1 month,
again suggesting that diode laser gingivectomy can
quickly resolve and control this periodontal problem.
The early and sustained ability of diode laser gingivec-
tomy to maintain periodontal health has considerable
clinical relevance for orthodontic patients, since appli-
ances in themselves can be iatrogenic to periodontal
health, particularly if treatment periods are lengthy.
Given the limited studies evaluating the effective-
ness of diode laser gingivectomy as an adjunct
measure for maintaining periodontal health among
orthodontic patients, further studies are required to
support or refute our claim that diode laser gingivec-
tomy improves gingival health beyond what can be
obtained from nonsurgical periodontal treatment.

CONCLUSIONS

» Nonsurgical periodontal management with or without
the adjunct use of diode laser gingivectomy can be
effective over time in the management of gingival
health problems.

« However, the adjunct use of diode laser gingivecto-
my can produce a greater improvement in gingival
health more quickly, suggesting that the adjunct use
of diode laser gingivectomy has potential benefits for
orthodontic patients.

ACKNOWLEDGMENTS

The authors are grateful to Mr Carlos K. H. Tam for his help
with the statistical analysis. We acknowledge Keenwood
Technology Limited, Hong Kong, for providing the diode laser.



LASER GINGIVECTOMY IN ORTHODONTICS

REFERENCES

1.

2.

10.

11.

12.

13.

14.

15.

Zachrisson S, Zachrisson BU. Gingival condition associated
with orthodontic treatment. Angle Orthod. 1972;42:26-34.
Zachrisson BU, Alnaes L. Periodontal condition in ortho-
dontically treated and untreated individuals. |. Loss of
attachment, gingival pocket depth and clinical crown height.
Angle Orthod. 1973;43:402—-411.

. Sinclair PM, Berry CW, Bennett CL, Israelson H. Changes in

gingiva and gingival flora with bonding and banding. Angle
Orthod. 1987;57:271-278.

. Krishnan V, Ambili R, Davidovitch Z, Murphy NC. Gingiva and

orthodontic treatment. Semin Orthod. 2007;13:257-271.

. Diamanti-Kipioti A, Gusberti FA, Lang NP. Clinical and

microbiological effects of fixed orthodontic appliances. J Clin
Periodontol. 1987;14:326-333.

. Seymour RA, Ellis JS, Thomason JM. Risk factors for drug-

induced gingival overgrowth. J Clin Periodontol. 2000;27:
217-223.

. Kloehn JS, Pfeifer JS. The effect of orthodontic treatment on

the periodontium. Angle Orthod. 1974;44:127-134.

. Palomo L, Palomo JM, Bissada NF. Salient periodontal

issues for the modern biologic orthodontist. Semin Orthod.
2008;14:229-245.

. Camargo PM, Melnick PR, Pirih FQ, Lagos R, Takei HH.

Treatment of drug-induced gingival enlargement: aesthetic
and functional considerations. Periodontol 2000. 2001;27:
131-138.

Yeung SC, Howell S, Fahey P. Oral hygiene program for
orthodontic patients. Am J Orthod Dentofacial Orthop. 1989;
96:208—-213.

Mavrogiannis M, Ellis JS, Thomason JM, Seymour RA. The
management of drug-induced gingival overgrowth. J Clin
Periodontol. 2006;33:434-439.

De Oliveira Guaré R, Costa SC, Baeder F, De Souza Merli
LA, Dos Santos MT. Drug-induced gingival enlargement:
Biofilm control and surgical therapy with gallium—aluminum—
arsenide (GaAlAs) diode laser—A 2-year follow-up. Spec
Care Dentist. 2010;30:46-52.

American Academy of Periodontology. Drug-associated
gingival enlargement (informational paper). J Periodontol.
2004;75:1424-1431.

Fornaini C, Rocca JP, Bertrand MF, Merigo E, Nammour S,
Vescovi P. Nd: YAG and diode laser in the surgical
management of soft tissues related to orthodontic treatment.
Photomed Laser Surg. 2007;25:381-392.

Kravitz ND, Kusnoto B. Soft-tissue lasers in orthodontics:
an overview. Am J Orthod Dentofacial Orthop. 2008;133:
S110-S114.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

47

Sarver DM, Yanosky M. Principles of cosmetic dentistry
in orthodontics: part 2. Soft tissue laser technology and
cosmetic gingival contouring. Am J Orthod Dentofacial
Orthop. 2005;127:85-90.

Aoki A, Sasaki KM, Watanabe H, Ishikawa |. Lasers in
nonsurgical periodontal therapy. Periodontol 2000. 2004;36:
59-97.

Goharkhay K, Moritz A, Wilder-Smith P, et al. Effects on oral
soft tissue produced by a diode laser in vitro. Lasers Surg
Med. 1999;25:401-406.

Mavrogiannis M, Ellis JS, Seymour RA, Thomason JM.
The efficacy of three different surgical techniques in the
management of drug-induced gingival overgrowth. J Clin
Periodontol. 2006;33:677-682.

Dederich DN, Bushick RD. Lasers in dentistry: separating
science from hype. J Am Dent Assoc. 2004;135:204—212.
Schwarz F, Aoki A, Becker J, Sculean A. Laser application
in non-surgical periodontal therapy: a systematic review.
J Clin Periodontol. 2008;35:29—44.

Cobb CM, Low SB, Coluzzi DJ. Lasers and the treatment of
chronic periodontitis. Dent Clin North Am. 2010;54:35-53.
Karlsson MR, Léfgren Cl, Jansson HM. The effect of laser
therapy as an adjunct to non-surgical periodontal treatment
in subjects with chronic periodontitis: a systematic review.
J Periodontol. 2008;79:2021-2028.

Silness J, Lée H. Periodontal disease in pregnancy. Il.
Correlation between oral hygiene and periodontal condtion.
Acta Odontol Scand. 1964;22:121-135.

Lée H, Silness J. Periodontal disease in pregnancy. I.
Prevalence and severity. Acta Odontol Scand. 1963;21:
533-551.

Lang NP, Nyman S, Senn C, Joss A. Bleeding on probing
as it relates to probing pressure and gingival health. J Clin
Periodontol. 1991;18:257—261.

Angelopoulos AP, Goaz PW. Incidence of diphenylhydan-
toin gingival hyperplasia. Oral Surg Oral Med Oral Pathol.
1972;34:898-906.

Somacarrera ML, Lucas M, Scully C, Barrios C. Effective-
ness of periodontal treatments on cyclosporine-induced
gingival overgrowth in transplant patients. Br Dent J. 1997;
183:89-94.

Schulz KF, Altman DG, Moher D. CONSORT 2010
Statement: updated guidelines for reporting parallel group
randomised trials. BMC Med. 2010;8:18.

Ristic M, Svabic MV, Sasic M, Zelic O. Clinical and
microbiological effects of fixed orthodontic appliances on
periodontal tissues in adolescents. Orthod Craniofac Res.
2007;10:187-195.

Angle Orthodontist, Vol 83, No 1, 2013




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /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 false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Settings for the Rampage workflow.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




