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The preliminary report about the
modified supramalleolar tibial osteotomy
for asymmetric ankle osteoarthritis
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Abstract
Objective: Supramalleolar tibial osteotomy (SMO) for asymmetric ankle osteoarthritis (OA) is known to lead to
satisfactory. Here, authors present a preliminary report on SMO surgical treatment in patients with asymmetric ankle
arthritis. Materials and Methods: We reviewed cases of asymmetric ankle OA treated by modified SMO between
January 2011 and October 2015. Clinical assessment was performed with the use of the ankle and hindfoot score of the
American Orthopedic Foot and Ankle Society (AOFAS), foot function index, and visual analogue scale (VAS). Patient
satisfaction with surgery and postoperative subjective symptoms were examined. Radiographic evaluation included
preoperative and postoperative tibial anterior surface angle (TAS angle), talar tilt angle (TT angle), and tibial lateral surface
angle (TLS angle). Takakura stage was measured. Results: The average follow-up period was 46.3 months. The AOFAS
score was 55.7 + 6.03 preoperatively and 76.0 + 4.73 postoperatively. Foot function index was 60.7 + 8.78 pre-
operatively and 30.8 + 7.59 postoperatively. VAS was 7.2 + 0.53 before surgery and 1.9 + 0.85 after surgery. Clinical
evaluations showed statistically significant improvement. The majority of patients reported satisfactory results in the
subjective satisfaction evaluation. TAS angle was 84.6 + 1.82 preoperatively and 94.0 + 2.79 postoperatively. TLS angle
was 78.8 + 2.11 preoperatively and 81.8 + 1.80 postoperatively. TT angle was 3.6 + 1.26 before surgery and 2.1 + 0.79
after surgery. Thirteen cases showed radiographic improvement of Takakura stage. Complications were not observed.
Conclusion: Modified SMO is a useful procedure that provides for the union and stability of osteotomy with the
advantages of the existing SMO and can be performed without bone graft.
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Introduction

Degenerative osteoarthritis (OA) is a disease caused by

degeneration of articular cartilage. It is one of the most

common human diseases. There are both primary and sec-

ondary forms of OA. Degenerative arthritis of the ankle is

reported to cause symptoms in about 1% of the world’s

adult population, representing a significant economic bur-

den for both patients and the health-care system.1,2 Ankle

joints have an anatomically smaller body area than knee

joints and hip joints, and the amount of pressure applied per

unit area is relatively larger in ankles than in the other two
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joint types. Kimizuka et al. reported that when a force of

500 N was applied, the area under the ankle load was 350

mm2, while the analogous value was 1100 mm2 for the hip

joint and 1120 m2 for the knee joint.3 For this reason,

arthritis can easily appear when structural anomalies occur.

Therefore, secondary OA caused by fractures, chronic

ankle ligament injuries or infection, or paralytic deformity

is relatively common, while primary degenerative arthritis

occurring without trauma or underlying disease is rare.4

Takakura et al. classified ankle arthritis with the extent

of disease progression (Table 1). Conservative treatment

for early-stage patients may include ankle joint orthosis

or lateral wedge insoles, but for late-stage patients, surgical

treatment such as arthroscopic marginal resection of the

ankle joint, total ankle joint arthroplasty, or arthrodesis can

be performed.5 However, it is not easy to determine the

appropriate treatment for moderate-stage patients because

no definite treatment modality has been established. Surgi-

cal treatments that can be used in moderate-stage cases

include lateral ligament reconstruction, calcaneal osteot-

omy, and supramalleolar tibial osteotomy (SMO).6,7 SMO

is designed for realigning the weight-bearing axis outward

in varus-type OA of the ankle with narrow medial joint

space to prevent the progression of arthritis.8 It is generally

known that SMO is effective for preserving the joint in

moderate-stage asymmetric ankle arthritis.

However, there has been a continuing debate on the

appropriate indications for this surgical treatment. In

2006, Takakura et al. reported that the tibiotalar OA of

stage IIIb and above is not an indication for SMO.8 How-

ever, several other studies have reported that SMO

improved the clinical outcome even in stage IIIb. Because

of these contradictory findings, it is now important to deter-

mine the appropriate indications for SMO in the ankle joint

and what type of deformation might indicate this treat-

ment.9 Conventional SMO is medial open-wedge osteot-

omy to treat varus deformity. However, the cutting plane

is often at the upper level of the center of rotation and

angulation (CORA). In this state, the distal fragment is

inevitably moved to the lateral side.10 Lee et al. reported

subtalar impingement due to lateral displacement of the

hindfoot after medial open-wedge osteotomy for varus

deformity.11 In the past, Paley has recommended an

Ilizarov’s distraction to simultaneously correct angulation

and displacement to address distal movement.12

The purpose of this study is to introduce a modified step-

cut oblique osteotomy which could resolve translational

problems of the distal fragment and bone–graft issue after

medial open-wedge osteotomy in patients with varus-type

OA of ankle and its results.

Materials and methods

This study was analyzed as a case series that includes

patients who underwent modified SMO for asymmetric

varus-type arthritis in our orthopedic department between

January 2011 and October 2015. We only included patients

who also had at least 2 years of follow-up. The mean age at

the time of surgery was 58.6 years, ranging from 54 to

66 years. Two patients were male and 13 were female.

Patients having other operations on the foot and ankle,

conventional medial open-wedge osteotomy, and second-

ary OA such as rheumatoid arthritis or traumatic arthritis

were excluded. Thus, 15 patients were available for analy-

sis. This study was approved by the Institutional Review

Board of Hanyang University Hospital.

All patients complained of severe pain on the medial

side of the ankle during weight bearing. Physical examina-

tion revealed tenderness on the medial side of the ankle.

Patients were treated with conservative methods such as

medication, physical therapy, and wedge insole for at least

6 months but showed no improvement in symptoms. In

each case, SMO was then performed. In all cases, there

was narrowing or loss of ankle in the medial joint space

on the weight-bearing anterior–posterior ankle radiographs.

There were 4 cases of Takakura arthritis class II and

11 cases of IIIa (Table 2).

Clinical assessment included measurement of the ankle

and hindfoot score of the American Orthopedic Foot and

Ankle Society (AOFAS), foot function index, and visual

analog scale (VAS) both preoperatively and at postopera-

tive follow-up. Patient satisfaction with surgery and post-

operative subjective symptoms were also evaluated.

Radiological evaluation including standing anteroposterior,

standing lateral, and standing hindfoot alignment view was

performed before and after the operation and at 6-month

intervals postoperatively. At anteroposterior view, tibial

anterior surface angle (TAS angle) and talar tilt angle

(TT angle) were measured. At lateral view, tibial lateral

surface angle (TLS angle) was also measured (Figure 1).

The OA stage was assessed using the Takakura classifica-

tion system as modified by Tanaka et al. both preopera-

tively and at the last follow-up appointment.

Preoperative and postoperative radiological and clinical

evaluations were compared using the Wilcoxon signed-

rank test with the nonparametric method in SPSS version

20.0 (IBM Co, Armonk, New York, USA).

Table 1. Takakura stage of ankle osteoarthritis.

Stage Definition

I No joint space narrowing but early sclerosis and
osteophyte formation

II Narrowing of the joint space medially
IIIa Obliteration of the joint space limited to the facet of medial

malleolus with subchondral bone defect
IIIb Obliteration of the joint space advanced to the floor of the

talar dome with subchondral bone defect
IV Obliteration of the joint space with complete bone contact
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Surgical technique and postoperative management

All operations were performed in the supine position by

one surgeon under spinal anesthesia or general anesthesia

with a tourniquet on the thigh. In the present study, we

performed a fibular osteotomy first with a skin incision

of 8 cm in length toward the proximal fibula along the

longitudinal midline of the fibula. After the exposure of

the lateral cortex, temporary fixation on distal tibiofibular

syndesmosis was performed with two Kirschner wires. And

then an oblique osteotomy was performed from superoan-

terior to inferoposterior aspect. The midpoint of the fibular

osteotomy plane was matched with the planned tibial

osteotomy plane. The permanent fixation of the fibula

using a locking plate was performed after completing the

procedure on the tibia. Next, about 12 cm longitudinally, an

incision, started at medial malleolus, was made proximally

along the medial aspect of the tibia. After exposure of the

medial cortex, supramalleolar osteotomy of tibia was per-

formed. First, a1-cm deep transverse osteotomy on the

anterior cortex was made at just proximal of the distal

tibiofibular syndesmosis. And then, the oblique osteotomy

was performed as posterosuperior direction from the trans-

verse osteotomy site. Finally, the medial open wedge was

made. If necessary, translation was done in accordance

with heel alignment (Figures 2 and 3). Temporary fixation

was performed with Kirschner wires. The amount of wedge

was decided to overcorrect 5–6� more than the normal

angle of TAS angle, as 89�. Using fluoroscopy, we con-

firmed that the TAS angle was corrected to the target value.

For the osteotomy plane, the anteroposterior lag screw was

Table 2. Clinical evaluation of the patients.

Case Sex Age R/L
Follow-up period

(months)

Takakura stage

Fibula osteotomy

AOFAS score VAS score

Patient satisfactionPreop. Postop. Preop. Postop. Preop. Postop.

1 F 62 R 72 IIIa II Yes 62 70 7 3 Good
2 M 55 L 68 IIIa IIIa Yes 65 67 7 2 Good
3 F 61 R 67 IIIa II Yes 33 63 7 5 Excellent
4 F 66 R 62 IIIa II Yes 42 74 8 1 Excellent
5 F 59 R 59 II I Yes 43 77 7 1 Excellent
6 M 57 R 56 IIIa II Yes 53 69 8 4 Fair
7 F 54 L 56 II I Yes 43 74 8 3 Excellent
8 F 60 R 45 IIIa I Yes 55 79 9 4 Good
9 F 59 R 40 IIIa II Yes 57 63 6 0 Excellent
10 F 56 L 39 IIIa II Yes 72 83 5 1 Good
11 F 54 L 37 II II Yes 61 75 8 2 Fair
12 F 54 L 30 II I Yes 65 86 7 1 Excellent
13 F 60 L 24 IIIa II Yes 62 88 7 1 Excellent
14 F 65 L 20 IIIa II Yes 59 85 8 0 Excellent
15 F 57 R 20 IIIa II Yes 64 87 7 1 Excellent
Mean 46.3 55.7 76 7.26 1.9

Preop.: preoperative; Postop.: postoperative.

Figure 1. At anteroposterior view, TAS angle and TT angle were measured. At lateral view, TLS angle was measured.
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inserted to compress the oblique osteotomy site and then

fixed with a locking plate (Figures 4 and 5). Additional

ligament or arthroscopic procedures were not performed.

To obtain additional stability, an autogenous bone graft was

performed in the open-wedge space using the protruded

cortical bone (Figure 6). After the incision site was closed,

an operated leg was immobilized with a short-leg splint.

Two weeks after the surgery, the splint was changed to

removable cast and patients started active range of motion

exercise of ankle joint, which maintained from 6 to 10

weeks. And then progressive weight bearing was done.

Results

All cases showed fusion at the osteotomy site within the

postoperative follow-up period (average 46.3 months).

Clinical assessment indicated patient improvement. The

mean AOFAS score was 55.7 + 6.0 (standard deviation)

preoperatively and 76.0 + 4.73 postoperatively. The mean

foot function index was 60.7 + 8.78 preoperatively and

30.8 + 7.59 postoperatively. The mean VAS for pain was

7.2 + 0.53 preoperatively and 1.9 + 0.85 postoperatively.

In all cases, the clinical evaluation scale did not deteriorate,

and all clinical evaluation items showed a statistically sig-

nificant improvement after the operation (Table 2). Patients

reported a satisfaction level of “very satisfactory” in nine

cases, “satisfactory” in four cases, and “moderate” in two

cases, meaning that 86% of all patients (15 cases) were

Figure 2. The internal open wedge was inserted from the distal
osteotomy plane.

Figure 3. Angulation and translation were implemented as
needed.

Figure 4. For the osteotomy plane, a cancellous cannulated
screw or lag screw was inserted to compress the interfragmen-
tary space.

Figure 5. The interfragmentary space was fixed with a locking
plate.

Figure 6. An autogenous bone graft was performed in the open-
wedge space using the protruded distal medial cortical bone from
the proximal fragment.
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satisfied or very satisfied with postoperative results. Post-

operative pain was not observed in the lateral part of the

ankle joint during follow-up.

All radiological evaluation showed statistically signifi-

cant improvement. The TAS angle changed from 84.6� +
1.82 preoperatively to 94.0� + 2.79 postoperatively. TT

angle was 3.6 + 1.26 before surgery and 2.1 + 0.79 after

surgery. The TLS angle was 78.8 + 2.11 preoperatively

and 81.8 + 1.80 postoperatively.

The Takakura stage of our patient’s arthritis improved in

13 cases: an improvement from preoperative grade IIIa to

grade II was achieved in 11 patients, and an improvement

from grade II to grade I occurred in two patients. There

were no changes in two of the cases (Table 3), but there

were also no cases in which the Takakura stage deterio-

rated. Clinical results were correlated with radiological

results in most cases. In one case, there was a radiological

improvement from stage IIIa to stage II, but it was not

matched by clinical improvement. In that case, the preo-

perative VAS score was 8 and then 4 postoperatively. The

AOFAS score changed from 53 points preoperatively to 69

points postoperatively. The patient reported that their post-

operative pain did not change significantly, and the satis-

faction with surgery was moderate. There were no reports

of complications such as infection, skin necrosis, nonunion,

or nerve injury at the last follow-up of the SMO. There

were no cases of conversion to ankle arthrodesis or artifi-

cial ankle arthroplasty due to progression of postoperative

arthritis or persistent ankle pain.

Discussion

The purpose of SMO is to reduce pain and mitigate the

effects of varus-type ankle arthritis by shifting previously

concentrated weight bearing from the medial side of the

ankle to the lateral side.13 Several studies have reported

that unequal pressure on the articular surface can cause

degenerative changes in cartilage and that redistribution

of pressure through osteotomy can be an effective treat-

ment.14,15 Cadaveric studies demonstrated that changes in

the angle of the distal tibia can change the weight distribu-

tion of the ankle joints,16 and it has been demonstrated that

weight load can be moved outward by changing the varus

ankle joint surface angle to neutral or slightly valgus using

osteotomy.17 Takakura et al. reported that more than 80%
of patients with moderate ankle joint degenerative arthritis

with varus deformity had satisfactory results after osteot-

omy.7 Cheng et al. also reported that osteotomy in patients

with primary and secondary moderate arthritis showed

good clinical results.15 To date, there have been many stud-

ies on the indication of osteotomy, biomechanical studies,

and surgical techniques as well as good clinical outcomes

with SMO. This study also showed satisfactory clinical

outcomes with SMO in patients with moderate OA as in

other studies.

The radiological and clinical outcomes reported here-

after a modified SMO were similar or superior to those

after conventional SMO. With an exception of one case,

most cases showed clinical and radiological improvements.

There are several advantages of the modified SMO tech-

nique used in this study. First, there were no patient com-

plaints of subfibular pain after surgery. In case that

subfibular impingement due to excessive lateral translation

may be expected at the time of correction for varus defor-

mity, the varus can be corrected, while simultaneously dis-

tal fragment can be translated inward as freely as the

operator wants. Therefore, the excessive lateral displace-

ment of the distal fragment, potentially caused by

Table 3. Radiological evaluation of the patients.

Case Sex/age

Takakura stage TAS TLS Talar tilt

Preop. Postop. Preop. Postop. Preop. Postop. Preop. Postop.

1 F/62 IIIa II 88.7 96.43 87.8 86.3 4.4 4.2
2 M/55 IIIa IIIa 83.0 95.7 77.3 81.8 3.1 2.2
3 F/61 IIIa II 87.4 94.3 74.4 77.2 10.2 4.5
4 F/66 IIIa II 88.7 95.5 79.6 81.6 3.4 2.8
5 F/59 II I 84.8 92.9 77.9 75.8 4.3 4.0
6 M/57 IIIa II 85.5 78.2 78.6 79.4 3.9 3.0
7 F/54 II I 84.7 99.4 81.6 84.5 0.4 0.4
8 F/60 IIIa I 88.4 96.3 78.1 78.9 1.6 0.9
9 F/59 IIIa II 82.7 96.5 81.9 83.9 2.7 0.5
10 F/56 IIIa II 77.5 91.7 74.7 79 5.9 1.6
11 F/54 II II 80.5 92.2 81.3 86.2 2.5 1.3
12 F/54 II I 81.0 91.5 83.1 85.3 2.6 1.1
13 F/60 IIIa II 87.3 99.3 77.9 81.3 2.6 1.7
14 F/65 IIIa II 84.9 93.15 73.2 83.5 2.2 0.8
15 F/57 IIIa II 84.0 97.16 75.9 83.1 4.8 3.7
Mean 84.6 94.0 78.8 81.8 3.6 2.1

Preop.: preoperative; Postop.: postoperative.
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correction of severe varus deformity, can be prevented by

medial translation of the distal fragment or repositioning

CORA. Second, recurvatum ankle deformity with a

decreased TLS angle was corrected using a wider open

wedge on the anteromedial side than used in the conven-

tional SMO. In this procedure, sagittal plane deformity

correction is feasible by reducing or increasing the angle

of obliquity. Third, there is no donor site morbidity by

harvesting autogenous iliac bone. We performed a minimal

bone graft using a protruded local bone fragment after cor-

rection. Fourth, while the intrinsic stability may be lower

than that of a structural bone graft, the use of interfragmen-

tary fixation over a larger contact surface between the frag-

ments and the additional fixation with a locking

compression plate improves stability and the union of the

osteotomy site. Therefore, we believe that stability of a

modified SMO approach is not necessarily lower than that

of an open wedge with a cancellous bone graft.

Recent studies have reported positive outcomes of total

ankle arthroplasty in the treatment of late-stage ankle

arthritis, but relatively high failure rates have been reported

compared to other joint arthroplasty techniques. The SMO

technique reported here is likely a useful joint-preserving

treatment for patients with moderate ankle arthritis. The

technique may delay or halt progression to late stage in

which total arthroplasty or arthrodesis is required. The

slightly valgus alignment in radiological parameters

improved clinical outcomes in this study.

This study has several limitations. First, the cohort of this

study is the small number of cases included in its retrospec-

tive analysis. Second, the relatively short follow-up period of

2 years is also likely to affect the interpretation of results.

Conclusion

The modified SMO described in this study improved clin-

ical and radiological results for Takakura II or IIIa varus

ankle OA in short-term follow-up. This step-cut oblique

osteotomy technique has a benefit to achieve an intended

alignment of distal tibia and fibula as well as the heel by

controlling position of the distal fragment. Another benefit

is that the necessity of iliac bone graft can be excluded.

Therefore, this technique is regarded as a useful joint pre-

serving technique in the treatment of varus ankle OA.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with

respect to the research, authorship, and/or publication of this

article.

Funding

The author(s) received no financial support for the research,

authorship, and/or publication of this article.

ORCID iD

Ja Wook Koo https://orcid.org/0000-0001-5604-8271

Reference

1. Glazebrook M, Daniels T, Younger A, et al. Comparison of

health-related quality of life between patients with end-stage

ankle and hip arthrosis. J Bone Joint Surg Am 2008; 90(3):

499–505.

2. Buckwalter JA, Saltzman C, and Brown T. The impact of

osteoarthritis: implications for research. Clin Orthop Relat

Res 2004; 427: S6–S15.

3. Kimizuka M, Kurosawa H, and Fukubayashi T. Load-bearing

pattern of the ankle joint. Contact area and pressure distribu-

tion. Arch Orthop Trauma Surg 1980; 96(1): 45–49.

4. Valderrabano V, Horisberger M, Russell I, et al. Etiology of

ankle osteoarthritis. Clin Orthop Relat Res 2009; 467(7):

1800–1806.

5. Thomas RH and Daniels TR. Ankle arthritis. J Bone Joint

Surg Am 2003; 85-A(5): 923–936.

6. Lee HS, Wapner KL, Park SS, et al. Ligament reconstruction

and calcaneal osteotomy for osteoarthritis of the ankle. Foot

Ankle Int 2009; 30(6): 475–480.

7. Takakura Y, Tanaka Y, Kumai T, et al. Low tibial osteotomy

for osteoarthritis of the ankle. Results of a new operation in

18 patients. J Bone Joint Surg Br 1995; 77(1): 50–54.

8. Tanaka Y, Takakura Y, Hayashi K, et al. Low tibial osteot-

omy for varus-type osteoarthritis of the ankle. J Bone Joint

Surg Br 2006; 88(7): 909–913.

9. Hongmou Z, Xiaojun L, Yi L, et al. Supramalleolar osteot-

omy with or without fibular osteotomy for varus ankle arthri-

tis. Foot Ankle Int 2016; 37(9): 1001–1007.

10. Barg A and Saltzman CL. Single-stage supramalleolar osteot-

omy for coronal plane deformity. Curr Rev Musculoskelet

Med 2014; 7(4): 277–291.

11. Lee WC, Moon JS, Lee K, et al. Indications for supramalleo-

lar osteotomy in patients with ankle osteoarthritis and varus

deformity. J Bone Joint Surg Am 2011; 93(13): 1243–1248.

12. Paley D. The correction of complex foot deformities using

Ilizarov’s distraction osteotomies. Clin Orthop Relat Res

1993; 293: 97–111.

13. Colin F, Gaudot F, Odri G, et al. Supramalleolar osteotomy:

techniques, indications and outcomes in a series of 83 cases.

Orthop Traumatol Surg Res 2014; 100(4): 413–418.

14. Takakura Y, Takaoka T, Tanaka Y, et al. Results of opening-

wedge osteotomy for the treatment of a post-traumatic varus

deformity of the ankle. J Bone Joint Surg Am 1998; 80(2):

213–218.

15. Cheng YM, Huang PJ, Hong SH, et al. Low tibial osteotomy

for moderate ankle arthritis. Arch Orthop Trauma Surg 2001;

121(6): 355–358.

16. Knupp M, Stufkens SA, van Bergen CJ, et al. Effect of

supramalleolar varus and valgus deformities on the tibiota-

lar joint: a cadaveric study. Foot Ankle Int 2011; 32(6):

609–615.

17. Tarr RR, Resnick CT, Wagner KS, et al. Changes in tibiotalar

joint contact areas following experimentally induced tibial

angular deformities. Clin Orthop Relat Res 1985; 199: 72–80.

6 Journal of Orthopaedic Surgery 27(1)

https://orcid.org/0000-0001-5604-8271
https://orcid.org/0000-0001-5604-8271
https://orcid.org/0000-0001-5604-8271


<<
  /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


