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A Novel Technique of Arthroscopic
Ankle Lateral Ligament Repair Using
a Knotless Suture Anchor

Noriyuki Kanzaki,*† MD, PhD, Nobuaki Chinzei,†‡ MD, PhD, Takahiro Yamashita,† MD,
Tsukasa Kumai,§ MD, PhD, and Ryosuke Kuroda,† MD, PhD

Investigation performed at Kobe University Graduate School of Medicine, Kobe, Japan

Background: Although arthroscopic lateral ligament repair (ALLR) with suture anchors for chronic lateral ankle instability has
become widely accepted, some complications have been reported as well. Establishment of a new technique is essential for better
clinical outcomes after ALLR.

Purpose: To report a novel technique and good clinical results of ALLR using a knotless suture anchor.

Study Design: Case series; Level of evidence, 4.

Methods: We examined 30 patients (16 men and 14 women) who underwent ALLR. The mean age of the patients was 30.0 years,
and the average period of postoperative monitoring was 21 months. The Japanese Society for Surgery of the Foot (JSSF) ankle-
hindfoot scale was used for clinical evaluation postoperatively, and the Self-Administered Foot Evaluation Questionnaire (SAFE-Q)
for patient-reported results. Surgical complications were also examined.

Results: The JSSF ankle-hindfoot scale showed a significant improvement from preoperatively to follow-up (from 72.1 to 96.1; P<
0.001), and the SAFE-Q was significantly improved in all subscales (pain and pain-related, physical function and daily living, social
function, shoe-related, and general health and well-being; P < 0.004 for all). Complications included residual joint pain due to
remaining osteophytes in 1 case, scar pain of the accessory anterolateral portal in 2 cases, and positive Tinel sign indicative of
superficial peroneal nerve irritation at the anterolateral portal in 1 case.

Conclusion: The clinical results of the novel ALLR technique were overall satisfactory. Knot-related complications, one of the main
reasons for postoperative complications, were reduced by using a knotless suture anchor.

Keywords: arthroscopic lateral ligament repair; chronic lateral ankle instability; complication; clinical outcome

Ankle sprains are the most common sports injury, account-
ing for about 20% of all musculoskeletal injuries.21 In par-
ticular, lateral ankle ligament injuries occur in more than
80% of all ankle sprains.23 Nonoperative therapy, including
functional treatment, is recommended initially, and the
response to the therapy is satisfactory in most cases. How-
ever, one-third of cases may develop chronic lateral ankle
instability (CLAI) if not managed appropriately.23 CLAI
has the potential to develop into posttraumatic ankle osteo-
arthritis (OA) because the cascade of negative alterations to
both the joint structure and the movement patterns of the
affected person continues to stress the injured ligaments.30

In addition, reduced performance in sport and recreational
activities is more common in patients with CLAI than in
those without.12 Therefore, surgical treatment is indicated
for those patients in whom nonoperative therapies fail.

The Broström procedure, modified by Gould, described as
the direct anatomic repair of the anterior talofibular liga-
ment (ATFL), has been widely accepted as the reference
standard for lateral ankle stabilization.3,8 Bell et al2

reported excellent long-term results of the Broström proce-
dure for CLAI with a 26-year follow-up. Recently, with the
development of useful devices and the trend toward mini-
mally invasive surgery, arthroscopic lateral ligament
repair (ALLR) with suture anchors has become widely per-
formed.5 When comparing clinical results between arthro-
scopic and open repair, it was found that although there
was no significant difference with regard to the Karlsson
functional outcome score, total complication rate, or nerve
and wound complications, the results of the American
Orthopaedic Foot and Ankle Society (AOFAS) score showed
a significant difference in favor of arthroscopic repair.4

In spite of the good clinical results after ALLR, some
complications, including knot irritation, have been
reported.6,11 The knotless suture anchor was developed to
simplify the arthroscopic procedure by allowing for soft
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tissue repair to the bone without the need to tie a knot.24 At
our institution, we currently use a knotless anchor, the
Knotless SutureTak (Arthrex), for ALLR as knotless soft
tissue fixation. Arthroscopic knotless suture anchors are
well established in shoulder surgeries, such as the Bankart
repair, with good clinical results; however, outcomes after
ALLR with knotless suture anchors remain
unknown.18,25,26 Therefore, the purpose of this study was
to report on our ALLR technique using a knotless suture
anchor and the clinical results at the final follow-up. We
hypothesized that the technique with the knotless suture
anchor would resolve the knot-related complications.

METHODS

The study was approved by an institutional review board,
and informed consent was obtained from all patients. We
retrospectively examined 30 patients who underwent ALLR
for CLAI by an experienced orthopaedic surgeon (N.K.) from
December 2015 to March 2018; all patients were monitored
for more than 1 year. Patients with severe attenuation of the
soft tissue and with a history of previous failed surgery were
excluded from this study. The study patients were 16 men
and 14 women with a mean age of 30.0 years (range, 13-59
years), and the average period of postoperative monitoring
was 21 months (range, 12-36 months).

We compared preoperative clinical and radiographic
findings with those at final follow-up. For clinical evalua-
tion, the Japanese Society for Surgery of the Foot (JSSF)
ankle-hindfoot scale, which has a maximum score of 100
points (40 points for pain, 50 points for function, and 10
points for alignment), was administered preoperatively and
at final follow-up.16 Patient-reported results were evalu-
ated with the Self-Administered Foot Evaluation Question-
naire (SAFE-Q), which focuses only on the foot and has 34
questions divided into 5 subscales: (1) pain and pain-
related; (2) physical functioning; (3) social functioning; (4)
shoe-related; and (5) general health and well-being. There
is also a sports activity subscale (9 optional questionnaire
items).17 Complications after ALLR were also examined.
For radiological assessment, the anterior drawer distances
(ADDs) and talar tilt angle (TTA) were evaluated preoper-
atively and at the final follow-up.

Operative Technique

The patient was placed in a supine position on an operating
table under general anesthesia. A thigh holder was positioned

to leave the foot elevated a few centimeters off the operating
table. Next, a noninvasive ankle joint distractor was applied
with manual tension, and the joint was slightly distracted. It
was imperative to use a surgical marker to outline the distal
fibula, the superficial peroneal nerve, the course of the pero-
neal tendons, and the ATFL and calcaneofibular ligament
(CFL) before initiating the procedure (Figure 1).

Ankle joint arthroscopy with standard anteromedial and
anterolateral portals was performed, any hypertrophic
synovium was debrided, and the scar tissue covering the
anterior surface of the lateral malleolus was resected.
Then, an accessory anterolateral portal was created
1.0 cm anterior to the fibula and 1.5 cm proximal to the tip
of the lateral malleolus (Figure 2). The anterior cortex of
the lateral malleolus was ablated with a steel bar through
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Figure 1. Outlining the distal fibula, the superficial peroneal
nerve (SPN), the course of the peroneal tendon (PT), and the
anterior talofibular ligament (ATFL) and calcaneofibular liga-
ment (CFL) before initiating the procedure.

Figure 2. Marking of accessory anterolateral portal.
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the accessory anterolateral portal to prepare for subse-
quent capsular and ligamentous adhesion.

We usually use the Knotless SutureTak anchor. This
suture anchor has 1 suture string and 2 passing wires. It
has a self-locking system, and we pass and shuttle the
suture string with the passing wire into the locking mech-
anism. This anchor can control the tensioning without a
knot (Figure 3).

The suture anchor was placed on the distal portion
of the lateral malleolus along its anterior aspect and
about 1.5 cm proximal to the fibula tip for the ATFL
through the accessory anterolateral portal. This area
was the normal ATFL footprint and was identified a few
millimeters distal to the lower edge of the fibular
attachment of the anterior inferior tibiofibular ligament
(Figure 4).

Figure 3. Knotless SutureTak. This anchor has an internal splice locking mechanism in the anchor body. Image provided courtesy
of Arthrex, Naples, Florida (2020).

Figure 4. Placement of the suture anchor.

Figure 5. Penetrating the confluent fiber of the anterior talofibular ligament and the calcaneofibular ligament.
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A microsuture lasso was then used to capture the lateral
capsule/ligamentous structures. The location was just ante-
rior to the fibula tip, and we intended to penetrate the con-
fluent fiber of the ATFL and CFL (Figure 5). Caution was
taken to avoid the sural nerve and peroneal tendons. The
Nitinol loop wire was then advanced and used to capture a
suture string of the suture anchor, which was pulled to exit
the skin (Figure 6).

Next, we peeled off the subcutaneous tissue between the
accessory anterolateral portal and penetrated point and

led the suture string to the accessory anterolateral portal
using the probe (Figure 7). The foot was then released
from distraction while the assistant surgeon held in an
everted and slightly neutral to the dorsiflexed position.
A suture string was passed into the small circle of a pass-
ing wire, and we then drew the other passing wire in order
to attach the lateral capsule/ligamentous structures to the
lateral malleolus (Figure 8). Finally, we used a knot
pusher to prevent the suture anchor from falling out
(Figure 9).

Figure 6. Leading of the suture string onto the skin.

Figure 7. Peeling off the subcutaneous tissue and retrieving the suture string to the accessory.
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After the operation, load cast immobilization was per-
formed for 3 weeks, followed by the use of an ankle brace.
Formal functional treatment to strengthen the peroneal
muscle was initiated after removal of the cast. The ankle
brace was worn for 12 weeks and thereafter used for any
sports or higher impact activities until 6 months after sur-
gery. A return to noncontact sports was expected at 6 to
8 weeks after the operation. Patients could return to sports
without limitations approximately 3 months after the
operation.

Statistical Analysis

All measurements were expressed as means with ranges.
An unpaired, 2-tailed Student t test was used to compare
differences between 2 values. Data analyses were per-
formed using Excel (Microsoft Japan Inc). Differences of P
< .05 were considered statistically significant.

RESULTS

When comparing the outcomes from preoperatively to
follow-up, we found that the JSSF ankle-hindfoot scale
showed a significant improvement, from 72.1 to 96.1 (P <
0.001), and the SAFE-Q was significantly improved on all
subscales (pain and pain-related, from 61.9 to 87.5; physical
function and daily living, from 72.4 to 93.9; social function,
from 70.7 to 97.3; shoe-related, from 73.1 to 89.2; general
health and well-being, from 63.7 to 91.8) (P < 0.004 for all).
The overall complication rate was 13.3%. The complications
encountered included residual joint pain due to remaining
osteophytes in 1 case, scar pain of the accessory anterolat-
eral portal in 2 cases, and positive Tinel sign indicative of
superficial peroneal nerve irritation at the anterolateral
portal in 1 case. However, no recurrence was observed.
According to the radiographic assessment, ADD improved
from 8.7 mm to 7.9 mm. TTA also improved, from 8.1� to
6.2� (P ¼ 0.018).

Figure 8. Passing the end of the suture string to the loop of the passing wire and then shuttling the suture pulling the nonloop end of
the passing wire.

Summary
Insert a Knotless SutureTak.
Pass the suture string through distal of 

ATFL using a microsuture lasso.
Retrieve the suture string to the accessary 

portal through under the skin.
Pass the end of suture string to the loop of 

passing wire, then shuttle the suture pulling the 
non-loop end of passing wire.

Tension up the soft tissue by pulling the 
suture string to the end using a knot pusher.

Fibula

ATFL/capsule

skin

suture string

passing wire

anchor

Figure 9. Schema and summary of this procedure. ATFL, anterior talofibular ligament.
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DISCUSSION

The most important finding of the present study was that
the novel ALLR technique with knotless suture anchors
demonstrated good clinical results without any of the
knot-related complications described by others.6,11

Ankle sprains are a common injury, and more than 20%
of patients may develop CLAI; up to 78% of CLAI cases may
develop posttraumatic ankle OA correlated with varus
malalignment.19,27,30 Therefore, CLAI is generally consid-
ered an indication for surgery to manage ankle instability
and to protect against secondary OA. A multicenter retro-
spective review of 310 lateral ankle ligament reconstruc-
tions, which included 4 operative techniques (direct
capsular ligament repair, augmented repair, ligamento-
plasty using part of the peroneus brevis tendon, and liga-
mentoplasty using the whole peroneus brevis tendon),
showed that 92% of the cases demonstrated satisfactory
outcomes at a mean 13-year follow-up.13 Gold standard
treatments such as the Broström-Gould procedure, includ-
ing a modified version, have shown excellent clinical
results.2,31

Recently, some modified arthroscopic techniques have
become popular. In a human cadaveric study, Giza et al7

reported that there was no statistical difference in strength
or stiffness of a traditional open repair when compared with
an arthroscopic anatomic repair of the lateral ligaments of
the ankle. Nery et al15 reported on the arthroscopically
assisted Broström-Gould procedure for chronic ankle insta-
bility and showed that the postoperative AOFAS scores
were graded as excellent and good in almost all patients
(94.7%). Vega et al28 reported that an all-inside arthro-
scopic lateral collateral ligament repair for ankle instability
with a knotless suture anchor technique showed an
improved postoperative AOFAS score without major com-
plications at the final follow-up. In the present study, the
JSSF scores we evaluated were also significantly improved
postoperatively. In other recent reports, Takao et al22

described a novel arthroscopic technique using lasso-loop
stitch with an 18-gauge hollow needle through 2 portals.
In addition, Acevedo et al1 reported an arthroscopic tech-
nique by defining the “safe zone” between the superficial
peroneal nerve and the peroneal brevis tendon; in the cur-
rent study, we performed all procedures in this safe zone.
Rigby and Cottom20 reported that there were no statisti-
cally significant differences identified using any of their
functional or patient satisfaction outcome scores between
open and arthroscopic techniques. These results emphasize
that arthroscopic techniques are comparable with conven-
tional procedures.

Patients with chronic foot and ankle disease tend to feel
anxiety and depression, which may lead to low SAFE-Q
scores.14 In the current study, the postoperative SAFE-Q
scores were significantly improved from preoperatively on
all subscales, indicating satisfactory results even from a
patient-oriented point of view. In terms of radiographic
assessment, patients who had a TAA of >10� and/or an
ADD >8 mm were considered candidates for surgery for
CLAI,10 and we observed an improvement in both TAA and
ADD after surgery.

High complication rates have been reported with arthro-
scopic repair of lateral ankle instability. Wang et al29

reported that 31 of 178 patients experienced complications
such as nerve damage, delayed wound healing, or superfi-
cial infection. Yeo et al32 reported operation-related compli-
cations, including knot pain, in 20% of cases. Corte-Real
and Moreira6 reported complications in 29% of cases,
including delayed wound healing, tenderness on the scar,
numbness of the superficial peroneal nerve, deep venous
thrombosis, and the appearance of an asymptomatic promi-
nent suture anchor from the fibula on radiographs. In con-
trast, Guelfi et al9 reported a relatively low complication
rate (15.27%). In our study as well, some complications
were observed, but the complication rate itself was low
(13.3%). Furthermore, no recurrence was observed.

We hypothesize that one of the reasons for the low com-
plication rate was that we reduced knot-related complica-
tions by using a knotless suture anchor. Thal24 reported the
advantages of using a knotless suture anchor in that bio-
mechanical testing demonstrated increased suture
strength when compared with standard suture anchors.
The current study supported the concept that knotless
sutures can provide a secure and low-profile repair without
knot-tying, as good clinical outcomes without severe com-
plications were seen.

Limitations

This study has some limitations, including its small sample
size, short-term outcomes, and retrospective study design.
In addition, we did not compare our technique specifically
with a knotted suture anchor in our hands and evaluate
knot-related complications.

CONCLUSION

The clinical results of our method for ALLR were overall
satisfactory. Knot-related complications, one of the main
reasons for postoperative complications, were reduced by
using a knotless suture anchor. Future prospective studies
with larger cohort samples and longer follow-up that will
address the limitations of the current study may uncover
more evidence for ALLR for CLAI.

ACKNOWLEDGMENT

The authors thank Editage (www.editage.jp) for the
English-language review and Arthrex for permission to use
Figure 3.

REFERENCES

1. Acevedo JI, Ortiz C, Golano P, Nery C. ArthroBroström lateral ankle

stabilization technique: an anatomic study. Am J Sports Med. 2015;

43(10):2564-2571.

2. Bell SJ, Mologne TS, Sitler DF, Cox JS. Twenty-six-year results after

Broström procedure for chronic lateral ankle instability. Am J Sports

Med. 2006;34(6):975-978.

6 Kanzaki et al The Orthopaedic Journal of Sports Medicine

http://www.editage.jp


3. Broström L.Sprained ankles. VI. Surgical treatment of “chronic” liga-

ment ruptures. Acta Chir Scand. 1966;132(5):551-565.

4. Brown AJ, Shimozono Y, Hurley ET, Kennedy JG. Arthroscopic versus

open repair of lateral ankle ligament for chronic lateral ankle instability:

a meta-analysis. Knee Surg Sports Traumatol Arthrosc. 2018;28(5):

1611-1618.

5. Cho BK, Kim YM, Kim DS, et al. Outcomes of the modified Broström

procedure using suture anchors for chronic lateral ankle instability—a

prospective, randomized comparison between single and double

suture anchors. J Foot Ankle Surg. 2013;52(1):9-15.

6. Corte-Real NM, Moreira RM. Arthroscopic repair of chronic lateral

ankle instability. Foot Ankle Int. 2009;30(3):213-217.

7. Giza E, Shin EC, Wong SE, et al. Arthroscopic suture anchor repair of

the lateral ligament ankle complex: a cadaveric study. Am J Sports

Med. 2013;41(11):2567-2572.

8. Gould N, Seligson D, Gassman J. Early and late repair of lateral liga-

ment of the ankle. Foot Ankle. 1980;1(2):84-89.

9. Guelfi M, Zamperetti M, Pantalone A, et al. Open and arthroscopic

lateral ligament repair for treatment of chronic ankle instability: a sys-

tematic review. Foot Ankle Surg. 2018;24(1):11-18.

10. Hashimoto T, Inokuchi S, Kokubo T. Clinical study of chronic lateral

ankle instability: injured ligaments compared with stress x-ray exam-

ination. J Orthop Sci. 2009;14(6):699-703.

11. Kim ES, Lee KT, Park JS, Lee YK. Arthroscopic anterior talofibular

ligament repair for chronic ankle instability with a suture anchor tech-

nique. Orthopedics. 2011;34(4). doi:10.3928/01477447-20110228-03

12. Lee M, Kwon JW, Choi WJ, Lee JW. Comparison of outcomes for

osteochondral lesions of the talus with and without chronic lateral

ankle instability. Foot Ankle Int. 2015;36(9):1050-1057.

13. Mabit C, Tourne Y, Besse JL, et al. Chronic lateral ankle instability

surgical repairs: the long term prospective. Orthop Traumatol Surg

Res. 2010;96(4):417-423.

14. Nakagawa R, Yamaguchi S, Kimura S, et al. Association of anxiety

and depression with pain and quality of life in patients with chronic

foot and ankle diseases. Foot Ankle Int. 2017;38(11):1192-1198.

15. Nery C, Raduan F, Del Buono A, et al. Arthroscopic-assisted Bros-

tröm-Gould for chronic ankle instability: a long-term follow-up. Am J

Sports Med. 2011;39(11):2381-2388.

16. Niki H, Aoki H, Inokuchi S, et al. Development and reliability of a

standard rating system for outcome measurement of foot and ankle

disorders I: development of standard rating system. J Orthop Sci.

2005;10(5):457-465.

17. Niki H, Tatsunami S, Haraguchi N, et al. Validity and reliability of a

Self-Administered Foot Evaluation Questionnaire (SAFE-Q). J Orthop

Sci. 2013;18(2):298-320.

18. Ostermann RC, Hofbauer M, Platzer P, Moen TC. The “labral bridge”:

a novel technique for arthroscopic anatomic knotless Bankart repair.

Arthrosc Tech. 2015;4(2):e91-95.

19. Porter M, Shadbolt B, Ye X, Stuart R. Ankle lateral ligament aug-

mentation versus the modified Broström-Gould procedure: a 5-

year randomized controlled trial. Am J Sports Med. 2019;47(3):

659-666.

20. Rigby RB, Cottom JM. A comparison of the “all-inside” arthroscopic

Broström procedure with the traditional open modified Broström-

Gould technique: a review of 62 patients. Foot Ankle Surg. 2019;

25(1):31-36.

21. Slater K. Acute lateral ankle instability. Foot Ankle Clin. 2018;23(4):

523-537.

22. Takao M, Matsui K, Stone JW, et al. Arthroscopic anterior talofibular

ligament repair for lateral instability of the ankle. Knee Surg Sports

Traumatol Arthrosc. 2016;24(4):1003-1006.

23. Teixeira J, Guillo S. Arthroscopic treatment of ankle instability—

allograft/autograft reconstruction. Foot Ankle Clin. 2018;23(4):

571-579.

24. Thal R. A knotless suture anchor. Design, function, and biomechan-

ical testing. Am J Sports Med. 2001;29(5):646-649.

25. Thal R. Knotless suture anchor: arthroscopic Bankart repair without

tying knots. Clin Orthop Relat Res. 2001;390:42-51.

26. Uggen C, Wei A, Glousman RE, et al. Biomechanical comparison of

knotless anchor repair versus simple suture repair for type II SLAP

lesions. Arthroscopy. 2009;25(10):1085-1092.

27. Valderrabano V, Hintermann B, Horisberger M, Fung TS. Ligamentous

posttraumatic ankle osteoarthritis. Am J Sports Med. 2006;34(4):

612-620.

28. Vega J, Golano P, Pellegrino A, Rabat E, Pena F. All-inside arthroscopic

lateral collateral ligament repair for ankle instability with a knotless

suture anchor technique. Foot Ankle Int. 2013;34(12):1701-1709.

29. Wang J, Hua Y, Chen S, et al. Arthroscopic repair of lateral ankle

ligament complex by suture anchor. Arthroscopy. 2014;30(6):

766-773.

30. Wikstrom EA, Hubbard-Turner T, McKeon PO. Understanding and

treating lateral ankle sprains and their consequences: a constraints-

based approach. Sports Med. 2013;43(6):385-393.

31. Yasui Y, Murawski CD, Wollstein A, Takao M, Kennedy JG. Operative

treatment of lateral ankle instability. JBJS Rev. 2016;4(5):01874474-

201605000-00006.

32. Yeo ED, Lee KT, Sung IH, Lee SG, Lee YK. Comparison of all-inside

arthroscopic and open techniques for the modified Broström Proce-

dure for ankle instability. Foot Ankle Int. 2016;37(10):1037-1045.

The Orthopaedic Journal of Sports Medicine Arthroscopic Ankle Ligament Repair 7



<<
  /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


