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Introduction

Total ankle arthroplasty (TAA) is one of the novel procedures

to reconstruct a destructive ankle joint, but delayed wound

healing is one of the most frequent and problematic compli-

cations after TAA with the conventional anterior approach.3,4

In particular, once the retinaculum of the compartment for the

tibialis anterior (TA) tendon is opened, the bowstring phe-

nomenon (pushing up the skin and/or retinaculum by the

TA tendon) occurs, seriously delaying wound healing.3

Furthermore, tenomodulin (TNMD), which is a protein

secreted from the tendon, is known to inhibit angiogenesis,

and it is also considered to delay wound healing because of

interference with vascularization in the dermal tissue directly

above the exposed TA tendon.14 Based on these factors, in

this study, the anterolateral (Böhler’s) approach1 was modi-

fied and used for TAA, because the skin incision is not placed

directly above the TA/extensor hallucis longus (EHL) tendon,

and the retinaculum around the TA tendon (superior and infer-

ior subdivisions of the superomedial band of the inferior

extensor retinaculum) was not opened.8 Instead, the medial

side of the inferior extensor (extensor digitorum longus

[EDL]) retinaculum was opened.1

Patients and Methods

A retrospective, observational study of 36 consecutive

ankles receiving a mobile-bearing ankle prosthesis

design (The FINE mobile-bearing prosthesis;

Teijin-Nakashima Medical Co, Ltd, Okayama, Japan)5

for treatment of end-stage ankle deformity or destruction

from January 2019 to December 2020 was performed.

Thirteen ankles underwent TAA with the conventional

anterior approach, and the remaining 23 ankles underwent

the modified anterolateral approach. Patients’ demographic

characteristics are shown in Table 1. This research was

performed in compliance with the Helsinki Declaration, and

it was approved by the institutional review board of the

authors’ affiliated institutions. Informed consent was

obtained from all patients.
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Operative Technique

Modified anterolateral approach. The skin incision was based

on the conventional anterolateral approach/Böhler’s inci-

sion.1 The incision was made one finger (1.5-2.0 cm) later-

ally from the EHL (Figure 1A), and then the superficial

peroneal nerve was identified and retracted. The medial side

of the stem of the inferior extensor retinaculum was opened

without intervention to the superior and inferior subdivisions

of the superomedial band of the inferior extensor retinacu-

lum, which forms a tunnel for the TA tendon8 (Figure 1B).

The EDL was then retracted laterally, and the TA/EHL com-

partment was retracted medially (Figure 1C). The approach

into the deep compartment was from the lateral side of the

EDL in the original anterolateral approach (Figure 2A), but

it was changed to the medial side of the EDL in the modified

anterolateral approach (Figure 2B). The approach to fat tis-

sue was continued, the medial malleolar artery was

identified and ligated, and then the dorsalis pedis artery/vein

and the deep peroneal nerve were retracted laterally as in the

conventional anterior approach (Figure 2B).

TAA and postoperative procedure. Surgery was carried out as

described previously using mobile-bearing ankle prosthesis

design (The FINE mobile-bearing prosthesis; Teijin-

Nakashima Medical Co, Ltd, Okayama, Japan).5 After pre-

paration for tibia and talus implantation, medial malleolar

lengthening osteotomy (preserving the periosteum) was

added when tightness of the soft tissues was not

acceptable.2,5 Routine wound closure with careful suturing

of the ankle joint capsule and extensor retinaculum was

completed (Figure 3A, B). The subcutaneous layer was

sutured with 3-0 absorbable thread, as much as possible. The

skin layer was sutured with 4-0 Nylon vertical mattress

sutures (Figure 4A).

Table 1. Patients’ Demographic Characteristics.a

Conventional Anterior Modified Anterolateral
P Value(n ¼ 13) (n ¼ 23)

Age, y, mean + SD 74.9 + 7.7 74.9 + 5.2 .96
Height, cm, mean + SD 150.8 + 4.3 151.6 + 6.7 .92
Body weight, kg, mean + SD 58.1 + 5.8 53.8 + 8.9 .11
Body mass index, mean + SD 25.6 + 2.8 23.4 + 3.6 .06
Gender, male/female, n 1:12 3:20 .62b

OA/RA, proportion, n 9:4 14:9 .62b

� SAFE-Q scores (preoperative)
Pain and pain-related (100) 47.7 + 19.4 50.4 + 17.7 .59
Physical functioning and daily-living (100) 35.5 + 11.5 41.5 + 15.9 .90
Social functioning (100) 56.9 + 9.8 48.6 + 18.1 .80
General health and well-being (100) 49.2 + 21.9 50.8 + 26.8 .54
Shoe-related (100) 36.1 + 11.4 47.2 + 23.9 .91
� RA patients, n 4 9 –
RA disease duration, y, mean + SD 19.0 + 1.7 19.0 + 5.0 .68
Steinbrocker classification

Stage (no. of ankles)
III 1 2
IV 3 7

Functional class (no. of ankles)
I 1 1
II 3 7
III 1

Preoperative DAS28-CRP score, points, mean + SD 2.89 + 0.25 2.26 + 0.65 .08
Prednisolone usage, % 0 44 .008b

Prednisolone dosage, mg/d, mean + SD 0 + 0 2.0 + 2.3 .09
Methotrexate usage, % 100 67 .19b

Methotrexate dosage, mg/wk 9.0 + 1.73 4.9 + 4.0 .07
Biologics or JAKi usage, % 25 44 .51b

Biologics or JAKi used (no. of ankles)
Abatacept 1 2 .28b

Tocilizumab 1
Etanercept 1
Baricitinib 1

Abbreviations: BMI, body mass index; DAS28-CRP score, disease activity score of 28 joints–C reactive protein; JAKi, Janus kinase inhibitor;
OA, osteoarthritis; RA, rheumatoid arthritis; SAFE-Q, self-administered foot evaluation questionnaire.
aValues are mean + SD.
bEvaluation performed with use of chi-square analysis.
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The ankle was immobilized postoperatively in a

below-knee cast for 2-3 weeks with nonweightbearing.

The duration of casting was not changed if malleolar

osteotomy was added, as in malleolar fracture cases, but

when patients were allowed full weightbearing, it was

with an attached ankle brace to avoid an ankle sprain.5

Such intraoperative events mentioned above are described

in Table 2. After suture removal was completed, range of

motion exercise was started, and at the same time, gait

exercise was also started.

Figure 1. Preoperative, intraoperative photographs of the ankle. (A) Preoperative design of the skin incision. The skin incision is made
1.5 cm laterally from the EHL. (B) Illustration of retinaculum and tendons around ankle. 1: Superior and inferior subdivisions of the
superomedial band of the inferior extensor retinaculum; 2: stem of inferior extensor retinaculum; red line: opening line of the retinaculum.
(C) Intraoperative findings of the ankle after opening the retinaculum. The EHL and EDL tendons are covered by sheath and retinaculum.
The TA tendon does not appear. Each side of the sheath and retinaculum is marked by threads.

Figure 2. Axial illustration of the ankle. 1: Superior and inferior subdivisions of the superomedial band of the inferior extensor
retinaculum; 2: stem of inferior extensor retinaculum. (A) Red line: approach route to tibia in original anterolateral (Böhler’s) approach;
(B) red line: approach route to tibia in modified anterolateral approach. (FDL, flexor digitorum longus; FHL, flexor hallucis longus; TP,
tibialis posterior.)
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Clinical assessment. The number of days to stitch removal

after TAA was recorded. Suture removal after TAA was

considered to be done around 2 weeks after TAA with care-

ful observation of the wound state (Figure 4B),4 but if the

skin edge was macerated and/or discharge continued, sutures

were left, and the ankles were recasted for several additional

days. Postoperative events including blister formation,

eschar formation (width greater than 1 cm) on the wound,

wound dehiscence, and exposure of the TA tendon were

observed and recorded. Peri-incisional decreased sensation

was also checked, because the superficial peroneal nerve

was retracted during the operation. Range of motion of dor-

siflexion and plantar flexion was also measured clinically

only 1 month after surgery.

For cases of rheumatoid arthritis, disease activity was

assessed using the disease activity score of 28 joints–C reactive

protein (DAS28-CRP) score.6 For the clinical assessment,

patients completed a self-administered foot evaluation ques-

tionnaire (SAFE-Q) preoperatively and at the final follow-up.9

Statistical Analysis

All data are expressed as mean + SD. The differences in the

measured variables between 2 groups were analyzed with

the Wilcoxon signed-rank test or Mann-Whitney U test, and

w2 test as appropriate using JMP 13 statistical analysis soft-

ware (SAS Institute Inc, Cary, NC). A P value less than .05

was considered significant.

Results

Postoperative Events Involving the Wound Site
During Wound Healing

As shown in Table 3, blister formation was seen in both

groups. Eschar formation (width greater than 1 cm) was also

seen in both groups, but less frequently in the modified group

(13%) compared with the conventional group (46%). TA

Figure 3. Intraoperative photographs of the ankle. (A) Intraoperative findings of the ankle after implantation of the prostheses. The
superficial peroneal nerve appears in the subcutaneous tissue. The EHL and EDL tendons are still covered by the sheath and retinaculum.
The TA tendon still does not appear. (B) Intraoperative findings after careful suturing of the sheath and retinaculum.

Figure 4. Wound photograph after surgery. (A) Wound just after
skin suturing. (B) Wound at 14 days after surgery. Healing is
completed, and stitch removal has been performed.
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exposure with wound dehiscence after removal of the stitch

was seen only in the conventional group (in 1 patient), but in

no ankles in the modified group. There was no evidence of

deep infection in either groups. Peri-incisional decreased sen-

sation was observed in 1 ankle in the modified group, but it

disappeared within 5 months after the operation.

Number of Days to Suture Removal

The number of days to suture removal was significantly

shorter in the modified group (15 days) compared with the

conventional group (18 days). After removal, there was no

wound dehiscence in the modified group (Table 3).

Range of Ankle Motion

There was no significant difference between groups in the

range of ankle joint motion 1 month after surgery (Table 3).

Clinical Assessment

SAFE-Q scores showed no significant difference between

groups preoperatively and at final follow-up. On the other

hand, significant improvement of each score in SAFE-Q was

seen in both groups after surgery (Table 3).

Discussion

In this study, some advantages of the modified anterolateral

approach for TAA were expected as compared with the con-

ventional approach, because the incision was not placed on

the TA/EHL tendon, and the compartment of the TA tendon

was not opened in this approach. Because the original ante-

rolateral approach was thought to have the disadvantage of

approaching the medial side of the plafond and medial mal-

leolus (Figure 2A), the opening site of the retinaculum over

the EDL and the approach route to tibia was changed to the

Table 2. Intraoperative Events.a

Conventional Anterior Modified Anterolateral
P Value(n ¼ 13) (n ¼ 23)

Medial malleolar osteotomy, % (n/n) 77 (10/13) 65 (15/23) .46b

Lateral malleolar osteotomy, % (n/n) 0 (0/13) 4 (1/23) .45b

Medial malleolar fracture, % (n/n) 0 (0/13) 9 (2/23) .27b

Lateral malleolar fracture, % (n/n) 8 (1/13) 13 (3/23) .62b

Gastrocnemius recession, % (n/n) 46 (6/13) 48 (11/23) .92b

Concomitant subtalar joint
Talonavicular joint fusion, % (n/n) 8 (1/13) 9 (2/23) .92b

Tourniquet time, min, mean + SD 109.6 + 11.8 129.8 + 15.4 .02

aValues are mean + SD.
bEvaluation performed with the use of w2 analysis.

Table 3. Postoperative Status of the Wound Site, Range of Motion of Ankle, and Clinical Outcomes.a

Conventional Anterior Modified Anterolateral
P Value(n ¼ 13) (n ¼ 23)

Blister formation, % (n/n) 8 (1/13) 9 (2/23) .92b

Eschar formation (width >1 cm), % (n/n) 46 (6/13) 13 (3/23) .03b

Wound dehiscence, % (n/n) 8 (1/13) 0 (0/23) .18b

Exposure of TA tendon, % (n/n) 8 (1/13) 0 (0of 23) .18b

Days of suture removal, d
Deep infection, % (n/n)

18.4 + 1.8
0 (0/13)

15.4 + 2.3
0 (0/23)

.002
1b

Peri-incisional decreased sensation, % (n/n) 0 (0/13) 4 (1/23) .45b

Range of motion 1 mo after surgery, degrees, mean + SD
� Dorsiflexion 13.1 + 5.7 13.3 + 6.5 .84
� Plantar flexion 40.5 + 4.6 38.3 + 9.7 .49
� SAFE-Q scores at final follow-up, mean + SD

Pain and pain-related (100) 85.7 + 19.3c 78.7 + 14.2c .19
Physical functioning and daily-living (100) 67.9 + 12.4c 71.8 + 6.0c .17
Social functioning (100) 73.2 + 14.6c 79.2 + 9.8c .58
General health and well-being (100) 84.3 + 13.5c 82.0 + 16.7c .35
Shoe-related (100) 60.7 + 16.6c 66.7 + 22.7c .17

Abbreviations: SAFE-Q, self-administered foot evaluation questionnaire; TA, tibialis anterior.
aValues are mean + SD.
bEvaluation performed with use of w2 analysis.
cSignificantly increased (improved) as compared with preoperative scores.
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medial side in this modified anterolateral approach

(Figure 2B). There was no wound dehiscence with TA expo-

sure in the modified group, and the number of days to suture

removal was significantly shorter than the conventional

group. The risk of splitting of the retinaculum and sheath

of the TA tendon by the bowstring phenomenon was con-

sidered to be reduced, because the retinaculum around the

TA tendon (superior and inferior subdivisions of the super-

omedial band of the inferior extensor retinaculum) was not

opened. In addition, even if the retinaculum over the EDL

suture became untied, exposure of the TA tendon would not

occur. Subsequently, not only physical (bowstring phenom-

enon) but also biological (TNMD secretion from the TA

tendon) adverse effects on subcutaneous tissue and/or skin

would be decreased. As shown in Figure 1C and Figure 3A,

the TA tendon did not appear during the operation. These

points were considered to be advantages of the modified

anterolateral approach. Results showing no significant

difference of clinical assessment (SAFE-Q) after surgery

was also a recommendable point for the modified anterolat-

eral approach. Furthermore, although further radiographic

evaluations would be required, there was no problem of the

implantation in radiographic findings (Figure 5A, B) at pres-

ent. Although appearance of eschar formation (width greater

than 1 cm) was significantly reduced, blister formation was

seen as in the conventional group. Blisters are defined as

“skin bullae and blisters representing areas of epidermal

necrosis with separation of the stratified squamous cell layer

from the underlying vascular dermal layer by edema

fluid.”13 Furthermore, a blister on the skin is considered to

be a pressure release mechanism, so that blister formation is

one of the reactions to an abnormally high pressure in the

subcutaneous compartment.16 Malleolar osteotomy and frac-

ture, as intraoperative events in this study (Table 2), also has

the possibility of causing swelling of the ankle joint after

surgery, and could induce an increase of pressure in the

subcutaneous compartment. Then, even if the modified ante-

rolateral approach was used for TAA, it is important to

prevent a high-pressure state in the subcutaneous compart-

ment after surgery. In order to do so, advanced rest, ice,

compression, and elevation (RICE) treatment should be

thoroughly performed after surgery. In addition, modifica-

tion of drainage should also be discussed. In the near future,

we aim to obtain better wound healing after TAA using the

anterior approach with more advanced RICE treatment, a

modified drainage system, and modified skin suturing.

Limited tourniquet time is also recommended for wound

healing after TAA,4 and for preventing proteolytic activity

in muscle tissue.7 In the present study, the modified group

showed significantly longer tourniquet time (Table 2), but

fortunately, wound healing was faster in the modified group.

If wound healing were improved more, active/passive range

of motion exercise, Achilles tendon stretch, and gait exercise

could be started earlier after TAA. Unfortunately, in the

present study, no significant gain of ankle joint motion at

1 month after TAA was observed. However, Achilles tendon

stretch exercises may be started during wound healing.

Peri-incisional decreased sensation owing to retraction of

the superficial peroneal nerve was seen in 1 case in the

modified group. Fortunately, the symptom disappeared

within 5 months after surgery, but retraction of the nerve

should be gently performed to avoid this complication. In

addition, greater care for wound healing is needed in rheu-

matoid arthritis cases. Chronic use of steroids and/or metho-

trexate is known to have the potential to suppress wound

healing.11,17 In the present study, although prednisolone

usage was significantly higher in the modified group, wound

healing was completed faster. In a systematic review, biolo-

gic use was not a risk factor for operative site infection or

delayed wound healing,12 but intraoperative and postopera-

tive care for wound healing is important, because foot and

ankle surgery in rheumatoid arthritis cases is a risk factor for

delayed wound healing.10,15 Although there were limitations

of this study, discussion of the modified lateral-anterior

approach should be done with more cases, with long-term

follow-up, and with clinical assessment after TAA as the

next step. However, the modified anterolateral approach has

a potential to reduce the risk of poor wound healing after

TAA with the anterior approach system. Subsequently, the

possibility of operative site infection and deep infection

should also be reduced. Furthermore, it is desirable that

rehabilitation be started from the early phase after TAA.

In conclusion, the modified anterolateral approach may

have advantages for wound healing after TAA using the

Figure 5. Radiograph at 3 months after surgery. This patient
underwent TAA with a modified anterolateral approach. Conco-
mitant medial malleolar osteotomy and gastrocnemius recession
were also performed to control the soft tissue balance. After RICE
treatment, suture removal was done at 13 days after surgery, then
range of motion and gait exercises were started. Range of ankle
joint motion was 20 degrees of dorsiflexion and 40 degrees of
plantar flexion at 3 months after surgery. (A) Anteroposterior view
of radiograph in the standing position (weightbearing). There is no
problem in the state of implantation. Bone union after medial
malleolar osteotomy is progressing. (B) Lateral view of radiograph
in the standing position (weightbearing). There is no problem in the
state of implantation. Posterior relocation of talar bone was
completed. RICE, rest, ice, compression, and elevation.
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anterior approach system. However, further investigation

with a greater number of patients should be continued.

Ethical Approval

Ethical approval for this study was obtained from Institutional

Review Board of Osaka University Hospital (approval number:

14219) and National Hospital Organization, Osaka Minami

Medical Center (approval number: 28-12).

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.

ICMJE forms for all authors are available online.

Funding

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

ship, and/or publication of this article.

ORCID iD

Makoto Hirao, MD, PhD, https://orcid.org/0000-0002-1408-

7851

Supplemental Material

A supplemental video for this article is available online.

References

1. Crist BD, Khazzam M, Murtha YM, Della Rocca GJ. Pilon

fractures: advances in surgical management. J Am Acad

Orthop Surg. 2011;19(10):612-622.

2. Doets HC, van der Plaat LW, Klein JP. Medial malleolar

osteotomy for the correction of varus deformity during total

ankle arthroplasty. Results in 15 ankles. Foot Ankle Int. 2008;

29(2):171-177.

3. Etani Y, Ebina K, Hirao M, et al. A report of three cases which

required tibialis anterior tendon resection to recover delayed

wound healing after total ankle arthroplasty in patients with

rheumatoid arthritis. Mod Rheumatol Case Rep. 2020;4(1):6-10.

4. Gross CE, Hamid KS, Green C, Easley ME, DeOrio JK,

Nunley JA. Operative wound complications following total

ankle arthroplasty. Foot Ankle Int. 2017;38(4):360-366.

5. Hirao M, Hashimoto J, Tsuboi H, et al. Total ankle arthroplasty

for rheumatoid arthritis cases in Japanese patients: a retrospec-

tive study of mid to long-term follow-up. J Bone Joint Surg

Open Access. 2017;2(4):e00033.

6. Inoue E, Yamanaka H, Hara M, Tomatsu T, Kamatani N.

Comparison of Disease Activity Score (DAS) 28–erythrocyte

sedimentation rate and DAS28–C-reactive protein threshold

values. Ann Rheum Dis. 2007;66(3):407-409.

7. Jawhar A, Hermanns S, Ponelies N, Obertacke U, Roehl H.

Tourniquet-induced ischaemia during total knee arthroplasty

results in higher proteolytic activities within vastus medialis

cells: a randomized clinical trial. Knee Surg Sports Traumatol

Arthrosc. 2016;24(10):3313-3321.

8. Kelikian AS. Sarrafian’s Anatomy of the Foot and Ankle.

3rd ed. Philadelphia, PA: Lippincott Williams and Wilkins;

2011: chap. 5.

9. Niki H, Tatsunami S, Haraguchi N, et al. Validity and relia-

bility of a self-administered foot evaluation questionnaire

(SAFE-Q). J Orthop Sci. 2013;18(2):298-320.

10. Okita S, Ishikawa H, Abe A, et al. Risk factors of postoperative

delayed wound healing in patients with rheumatoid arthritis

treated with a biological agent. Mod Rheumatol. 2021;31(3):

587-592.

11. Pountos I, Giannoudis PV. Effect of methotrexate on bone and

wound healing. Expert Opin Drug Saf. 2017;16(5):535-545.

12. Ramos-Petersen L, Nester CJ, Reinoso-Cobo A, Nieto-Gil P,

Ortega-Avila AB, Gijon-Nogueron G. A systematic review to

identify the effects of biologics in the feet of patients with

rheumatoid arthritis. Medicina (Kaunas). 2020;57(1):E23.

13. Shelton ML, Anderson RL. Complications of fractures and

dislocations of the ankle. In: EppsCH Jr, ed. Complications

of Orthopaedic Surgery. Philadelphia, PA: JB Lippincott;

1998: 599-648.

14. Shukunami C, Yoshimoto Y, Takimoto A, Yamashita H,

Hiraki Y. Molecular characterization and function of tenomo-

dulin, a marker of tendons and ligaments that integrate mus-

culoskeletal components. Jpn Dent Sci Rev. 2016;52(4):84-92.

15. Tada M, Inui K, Sugioka Y, et al. Delayed wound healing and

postoperative surgical site infections in patients with rheuma-

toid arthritis treated with or without biological disease-

modifying antirheumatic drugs. Clin Rheumatol. 2016;35(6):

1475-1481.

16. Varela CD, Vaughan TK, Carr JB, Slemmons BK. Fracture

blisters: clinical and pathological aspects. J Orthop Trauma.

1993;7(5):417-427.

17. Wang AS, Armstrong EJ, Armstrong AW. Corticosteroids and

wound healing: clinical considerations in the perioperative

period. Am J Surg. 2013;206(3):410-417.

Hirao et al 7

https://orcid.org/0000-0002-1408-7851
https://orcid.org/0000-0002-1408-7851
https://orcid.org/0000-0002-1408-7851
https://orcid.org/0000-0002-1408-7851


<<
  /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


