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Abstract
Introduction: The TFN-ADVANCED Proximal Femoral Nailing System (TFNA) 235 mm (DePuySynthes) and Proximal Femoral
Nail Antirotation (PFNA)-II 240 mm (DePuySynthes) were developed to obtain better stability for patients with trochanteric hip
fractures without increasing surgical time and amount of blood loss. However, there are currently no studies concerning clinical and
radiological outcomes of patients treated using these proximal femoral nails (PFNs) that have been performed in the Japanese
population. The aim of this study was to retrospectively evaluate the clinical outcomes associated with 235 to 240 mm PFNs for
Japanese patients >70 years old with trochanteric hip fractures who could walk independently before the injury. Materials and
Methods: This study involved a retrospective analysis of data on trochanteric hip fracture patients who had undergone internal
fixation from March 2016 to June 2018. The inclusion criteria were patients >70 years old with trochanteric hip fractures who
could walk independently before the injury and were followed up for �3 months after surgery. Initially, 124 patients were
identified, but 33 of these were excluded because other implants were used for internal fixation. Of the remaining 91 patients in
whom PFNs were used at the time of internal fixation who were included for the perioperative evaluation, 66 patients followed up
for �3 months were included in the clinical evaluations. Results: The average surgical time was 56.8 + 19.6 minutes (range, 23-
123 minutes). The average blood loss was 89 + 41 mL (range, 0-245 mL). The union rate was 98%. Discussion: There were no
cases of nail jamming, and all nails were successfully inserted below the end of the distal isthmus without additional reaming to
dilate the canal. Conclusions: Proximal femoral nails were a useful implant in Japanese elderly patients with trochanteric hip
fractures and gave comparable clinical outcomes despite the femoral length being short and occurrence of intensive bowing.
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Introduction

The frequency of hip fractures has been steadily increasing

with the aging of populations in various countries around the

world.1,2 For trochanteric hip fractures, proximal femoral nails

(PFNs) have been frequently used for surgical treatment.

Although several reports concerning which implant yields a

better clinical outcome have been published, there is currently

a paucity of good supporting evidence for this. From a

Cochrane systematic review, 4 trials, including a total of
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910 cases, compared several PFNs and concluded that there

were no significant differences among them in terms of func-

tional outcomes, mortality, and serious fixation complications,

such as the fracture of the femur, cutouts, nonunions, and reo-

peration rates. The limited evidence from the randomized trials

currently available is insufficient to determine important dif-

ferences in outcomes between the different designs of PFNs

used in treating trochanteric femoral fractures.3

When we perform internal fixation using PFNs, secondary

fractures around the distal end of the nail constitute one of the

most significant fracture healing complications and have been

reported to lead to prolonged hospital stays, delayed recovery,

and postoperative hospital stay mortality rates as high as 16.6%.4

Although Norris et al suggested that continuing design changes

had reduced the risk of these complications occurring,5 contro-

versy remains concerning the implant selection (eg, a short or

long one) to obtain better clinical outcomes. Dunn et al con-

ducted a systematic review to compare the clinical outcomes

between long and short nails in the treatment of trochanteric hip

fractures (AO Foundation/Orthopaedic Trauma Association

[AO/OTA] 31A1, A2, and A3) and found that short nails had

a low reoperation rate while significantly decreasing the operat-

ing time and estimated blood loss, with the additional benefit of

being cost-effective.6 Hou et al also retrospectively compared

the clinical outcomes in patients with trochanteric hip fractures

without subtrochanteric extension (AO/OTA 31A1 and A2) after

treatment with short or long nails and reported that long nails

yielded subtle increases in procedure time and blood loss despite

similar clinical outcomes.7 Especially in elderly Japanese

patients, intraoperative nail jamming due to strong curvature in

the femur remains a concern when long nails are used.8 On the

other hand, disadvantage of shorter nails was reported to

increase a stress in the mid femur.9 Therefore, it is still an open

question what length is suitable for elderly Japanese patients.

The TFN-ADVANCED Proximal Femoral Nailing System

(TFNA) 235 mm (DePuySynthes) and Proximal Femoral Nail

Antirotation (PFNA)-II 240 mm (DePuySynthes) were devel-

oped to achieve better stability for patients with trochanteric hip

fractures without increasing surgical time and blood loss. The

morphological features of the nail are that it has a longer 35 to 40

mm nail and distal locking screw hole at the same location so

that the same surgical instrument as used for the shorter nail can

be used to facilitate the surgical procedure, which aims to obtain

better stress distribution around the nail. However, to date, no

studies concerning the clinical and radiological outcome or

superiority to shorter or longer nails have been performed. Okcu

et al reported that reverse oblique fractures of the trochanteric

area of the femur could be treated with either 240 mm or >340

mm intramedullary nails,10 but, to date few, studies on this issue

in Asian populations have been performed.

We currently use the TFNA 235 mm and PFNA-II 240 mm

as a primary option for patients with trochanteric hip fractures.

Although Sawaguchi et al reported that the design of PFNAs is

appropriate for the Japanese population, the rate of use of 240

mm length nails was only 2%.11

We have hypothesized that internal fixation using the TFNA

235 mm and PFNA-II 240 mm for Japanese patients with tro-

chanteric hip fractures can obtain good stability with accepta-

ble operative time and blood loss. Therefore, the aim of this

study was to retrospectively evaluate the clinical outcomes

associated with 235 or 240 mm PFNs for Japanese patients

>70 years old with trochanteric hip fractures who could walk

independently before the injury.

Materials and Methods

Patient Selection

This case series study was conducted at the Department of

Orthopedic Surgery of a single institution. The institutional

review board of the ethics committee at our institution approved

the study and waived the requirement for written informed con-

sent because of the retrospective nature of the study.

Data on the patients with trochanteric hip fracture

>70 years old who could walk independently before the injury

and have undergone internal fixation from March 2016 to

June 2018 were retrospectively analyzed by using an elec-

tronic medical database. During this study period, the TFNA

235 mm and PFNA-II 240 mm were mainly used for the

internal fixation of all patients with trochanteric hip fractures,

except for patients shorter than 140 cm or patients without a

displacement trochanteric hip fracture. The inclusion criteria

were patients with a trochanteric hip fracture who underwent

internal fixation using the TFNA 235 mm and PFNA-II

240 mm. The exclusion criteria were patients who were lost

during follow-up, died from causes unrelated to their muscu-

loskeletal injuries, or who underwent internal fixation using

shorter or longer PFNs and TFNAs.

The patient enrollment is shown in Figure 1. Initially, 124

patients were nominated, but 33 of these were excluded

because other implants were used for internal fixation. The

remaining 91 patients in whom the TFNA 235 mm and

PFNA-II 240 mm were used at the time of internal fixation

Figure 1. Flow of patient enrollment.
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were included for the perioperative evaluation, and 66 of 91

patients followed up for �3 months were included in the clin-

ical evaluations (Figure 1).

Surgical Procedure of Internal Fixation Using the TFNA
235 mm and PFNA-II 240 mm

Three board-certified orthopedic surgeons and 3 orthopedic

trainees were involved in the study, and a unit of 1 board-

certified surgeon and 1 trainee was in charge of surgery. Inter-

nal fixation was performed an average of 2.0 (0-11 days) days

from injury. After the induction of general or regional anesthe-

sia, closed reduction of intertrochanteric fracture using a trac-

tion table was performed to obtain a stable reduction.12 When

the anterior cortex of proximal fragment remained posterior to

the distal fragment, direct open reduction via a small elevator

with a small skin incision was performed.13 After appropriate

reduction was confirmed fluoroscopically, the nail of the

TFNA 235 mm and PFNA-II 240 mm was attached to the

aiming device and introduced through the skin incision located

proximal of the larger trochanter, in accordance with the man-

ufacturer’s instructions. The diameter of the nail was deter-

mined to be 2 mm smaller than that measured in 3-mm-thick

axial computed tomography scanning. After an appropriately

long blade was introduced into the femoral neck and head to

ensure that the tip–apex distance was <20 mm,14 a single distal

locking screw was inserted through the static hole.

Postoperative Therapeutic Protocol

Range of motion exercises was started as early as possible after

surgery. Full weight-bearing as much as tolerated was also

allowed on the first day after surgery.

Clinical Evaluations

Demographic data (age, sex, height, and weight), mechanism

of injury, the AO/OTA classification, duration from injury to

surgery, pre- and postoperative hemoglobin (mg/dL), amount

of blood transfusion (in IU), and surgical time were analyzed.

Walking ability was stratified according to a 5-point scale: 5

points, walking without any aid; 4 points, walking with a cane;

3 points, walking in parallel bars; 2 points, walking with a

walker; and 1 point, wheelchair-bound.15

Results

In total, 66 (male/female, 15/51) patients were included in this

study. Their mean age at the time of admission was 83.1 +
7.0 years (range, 70-100 years). The mean height and weight of

the patients were 150.8 + 8.2 cm (range, 140-177 cm) and

47.6 + 9.5 kg (range, 38-76 kg), respectively. The follow-up

period was 10.9 + 6.5 months (range, 3-36 months). The

grades of trochanteric hip fracture were AO/OTA type A1

fracture in 17 (26%) cases, type A2 fractures in 46 (70%) cases,

and type A3 fracture in 3 (5%) cases. The mechanisms of injury

were same level fall for 59 (89%) cases, traffic accidents for

4 (6%) cases, falling from a height for 2 (3%) cases, and

unknown for 1 (2%) case (Table 1).

Surgical Time and Amount of Blood Loss

The average surgical time was 56.8 + 19.6 minutes (range, 23-

123 minutes). The average blood loss was calculated using the

numerical formula of Foss et al16 to be 89 + 41 mL (range, 0-

245 mL). The rate and average amount of blood transfusion

were 11 cases (16.7%) and 2.9 + 1.0 IU (range, 2-4 IU),

respectively (Table 1).

Radiological Evaluation of Nail Jamming During the
Surgery

A PFNA-II 240 mm was used in 44 patients and TFNA 235 mm

was used in the other 22 (Table 1). There were no cases in

which nail jamming occurred, and all nails were successfully

inserted below the end of the distal isthmus without additional

reaming to dilate the canal.

Clinical Outcomes

The union rate was 98% and there was 1 case of nonunion

(2%). There were no significant differences between the pre-

and postoperative activities of daily living (ADL) in 26 (39%)

patients, but ADL declined in 40 patients. Overall, 23 of 66

(35%) patients could not walk unaided at the time of the last

follow-up visit.

Discussion

Several important findings were made in this study. First, in our

Japanese patient cohort, all nails of the TFNA 235 mm and

PFNA-II 240 mm were successfully inserted below the end

of the distal isthmus not only without jamming but also without

additional reaming to dilate the canal. Second, internal fixation

using these 2 implants for Japanese patients with trochanteric

Table 1. Patient Demographics.

Parameters F/U cases (n ¼ 66)

Age 83.1 (7.0)
Sex (male/female) 15 / 51
Height (cm) 150.8 (8.2)
Weight (kg) 47.6 (9.5)
Time from injury to surgery (day) 2.0 (1.7)
Implant (PFNA/TFNA) 44/22
Classification (AO/OTA 31A1/A2/A3) 17/46/3
Mechanisms of injury (same level fall/traffic

accident/falling from a height/unknown)
59/4/2/1

Surgical time (min) 56.8 (19.6)
Amount of blood loss (mL) 89 (41)
Amount of blood transfusion (IU) 2.9 (1.0)

Abbreviations: AO/OTA, AO Foundation/Orthopaedic Trauma Association; F/
U, followed-up; PFNA, proximal femoral nail antirotation.
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hip fractures resulted in a favorable outcome with acceptable

surgical time and amount of blood loss. Third, the union rate

was good, the complication rate was acceptable, and no adverse

effects due to the longer nail6 were observed.

Proximal femoral nails were frequently used for internal

fixation of patients with trochanteric hip fractures because

they were considered to give better stability, especially for

unstable cases. Crawford et al reported that 89% of patients

with trochanteric hip fractures treated using PFNs healed

without any complications and PFNs could be an alternative

to sliding hip screws.17 Sawaguchi et al also reported that

PFNA had a large safety margin for use in Asian patients,11

even though the femoral bones in Asian populations have

several particular anatomical features such as a shorter

femoral neck, a smaller neck-shaft angle, and greater anterior

bowing of the femoral shaft.18-20

The average femur length in the Chinese population has

been reported to be 428 mm, and the anterior curvature is

located in the middle of the femur.21 Additionally, the length

from the most proximal point of the femoral head to the distal

end of the isthmus in the Chinese population was calculated to

be 221.41 mm in another study by the same group.22 On the

other hand, the average femur length in the Japanese population

has been reported to be 395.7 mm.23 Theoretically, it is thus

easier for the 235 to 240 mm nails to exceed the femoral isth-

mus of the Japanese population. This might decrease the wiper

motion, which we defined as repetitive motion of the distal nail

inside the femoral canal. This phenomenon was occasionally

observed when shorter nails were used, especially in cases with

a stovepipe-type femur (Figure 2). Even though the longer 35 to

40 mm nail of the TFNA 235 mm and PFNA-II 240 mm is

intended to obtain better stability, biomechanical experiments

have shown that the nail length and position of the interlocking

screw altered neither the biomechanical properties of the

fixation construct nor those of the distal fracture site.24 Addi-

tionally, there is a certain risk of nail jamming into the anterior

cortex of the femur and thus preventing adequate dynamic

compression of the fracture site, which could cause failure

when a long nail is used.25 However, the 235 to 240 mm length

nails could be safely inserted into the femoral canal without

jamming in this study, even though femoral bowing in the

Japanese population is greater than that in Chinese.26 We spec-

ulate that this is a strength of TFNA 235 mm and PFNA-II 240

mm to decrease the wiper motion of the distal nail inside the

femoral canal compared with short nails without nail jamming

(Figures 3 and 4). Plausible reasons for the complete avoidance

of nail jamming at the time of surgery in our patient cohort are

the nail design and careful creation of the proximal entry hole

slightly anterior of the tip of the greater trochanter and the

diameter of the nail being determined to be 2 mm smaller than

the diameter of the isthmus measured by preoperative com-

puted tomography. These factors might explain why our

patients did not experience any adverse events related to the

use of a longer 35 to 40 mm nail.

In addition, the TFNA 235 mm and PFNA-II 240 mm could

be inserted by using conventional surgical instruments without

any need to insert distal screws by using a radiolucent drill. The

use of these fasteners facilitated insertion of the distal locking

screw through the drill hole located at the same distance from

the lag screw hole as that from the short nail and might have

helped prevent an increase in the surgical time and thus achieve

a smaller amount of blood loss. Our results showed that surgi-

cal time and blood loss were favorable compared with those

associated with both long and short nails, as determined in a

systematic review by Dunn et al.6

This study had several limitations. First, it was retrospec-

tive in nature, so there was a risk of selection bias. Second, the

TFNA 235 mm and PFNA-II 240 mm were used at the time of

Figure 2. AO/OTA 31A2.2 fracture in an 82-year-old woman (height: 152 cm). A, Preoperative radiograph. The shape of the femoral canal was
stovepipe-type. B, Postoperative radiograph using a Cephalomedullary Asia nail (Zimmer Biomet) 180 mm with a diameter of 13 mm. C,
Postoperative radiograph at 1-month follow-up. The distal nail shifted laterally (white arrow). D, Postoperative radiograph at 4.5-month follow-
up. The lateral shift of the distal nail increased (white arrow) and eventually cut through occurred. AO/OTA indicates AO Foundation/
Orthopaedic Trauma Association.
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surgery and implant selection was performed in accordance

with the surgeon’s preference. Although these 2 implants are

fundamentally similar, the TFNA 235 mm nail has a 1000-mm

radius that starts 150 mm from the proximal end and extends

to 35 mm above the distal tip. On the other hand, PFNA

240 mm is a straight nail and has no radius of curvature.

Therefore, in further studies of these nails, it would be pre-

ferable to analyze them separately. Third, not all cases were

followed up for a minimum of 3 months, and the follow-up

period was relatively short.

Figure 4. AO/OTA 31A3.1 fracture in an 87-year-old woman (height: 150 cm). A, Preoperative radiograph. The shape of the femoral canal was
stovepipe-type. B, Postoperative radiograph using a PFNA-240 mm with a diameter of 9 mm. C, Postoperative radiograph at 6-month follow-up.
No reduction loss was observed.

Figure 3. AO/OTA 31A3.3 fracture in an 83-year-old woman (height: 147 cm). A and B, Preoperative radiographs. The shape of the femoral
canal was stovepipe-type. B, Postoperative radiograph using a TFNA 235 mm with a diameter of 12 mm. C, Postoperative radiograph at 6-month
follow-up. No lateral shift of the distal nail was observed. AO/OTA indicates AO Foundation/Orthopaedic Trauma Association.
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Despite these limitations, this was the first study to report

the clinical outcomes of Japanese patients with trochanteric

hip fractures treated using a TFNA 235 mm and PFNA-II

240 mm. These 2 implants are easily inserted by using a

conventional surgical apparatus as well as a short femoral nail

and might be of benefit by obtaining better stability compa-

rable to that of a long nail without increasing blood loss and

surgical time. In future work, we plan to clarify the risk of

secondary peri-prosthetic stem fractures after a longer follow-

up. A randomized study comparing the TFNA 235 mm or

PFNA-II 240 mm with shorter and longer nails is needed to

further assess the possible advantages and disadvantages of

the various implants.

Conclusions

Internal fixation using the TFNA 235 mm and PFNA-II

240 mm for Japanese patients with trochanteric hip fractures,

even for those with unstable conditions, could obtain good

stability with acceptable operative time and blood loss.

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, author-

ship, and/or publication of this article.

ORCID iD

Tsuneari Takahashi, MD, PhD https://orcid.org/0000-0002-4198-

6684

Yoshiya Nibe, MD https://orcid.org/0000-0003-2291-0841

References

1. Cooper C, Campion G, Melton LJ 3rd. Hip fractures in the

elderly: a world-wide projection. Osteoporos Int. 1992;2(6):

285-289.

2. Hallal PC, Andersen LB, Bull FC, et al. Global physical activity

levels: surveillance progress, pitfalls, and prospects. Lancet.

2012;380(9838):247-257.

3. Queally JM, Harris E, Handoll HH, Parker MJ. Intramedullary

nails for extracapsular hip fractures in adults. Cochrane Database

Syst Rev. 2014(9):CD004961.

4. Lang NW, Joestl J, Payr S, Platzer P, Sarahrudi K. Secondary

femur shaft fracture following treatment with cephalomedullary

nail: a retrospective single-center experience. Arch Orthop

Trauma Surg. 2017;137(9):1271-1278.

5. Norris R, Bhattacharjee D, Parker MJ. Occurrence of secondary

fracture around intramedullary nails used for trochanteric hip

fractures: a systematic review of 13,568 patients. Injury. 2012;

43(6):706-711.

6. Dunn J, Kusnezov N, Bader J, Waterman BR, Orr J, Belmont PJ.

Long versus short cephalomedullary nail for trochanteric femur

fractures (OTA 31-A1, A2 and A3): a systematic review. J Orthop

Traumatol. 2016;17(4):361-367.

7. Hou Z, Bowen TR, Irgit KS, et al. Treatment of pertrochanteric

fractures (OTA 31-A1 and A2): long versus short cephalomedul-

lary nailing. J Orthop Trauma. 2013;27(6):318-324.

8. Maehara T, Kiyono M, Noda T, et al. The morphology of

the femur in elderly Japanese females: Analysis using

3D-CT. J Orthop Surg (Hong Kong) . 2019;27(1):

2309499018816488.

9. Baldwin PC 3rd, Lavender RC, Sanders R, Koval KJ. Controver-

sies in intramedullary fixation for intertrochanteric hip fractures.

J Orthop Trauma. 2016;30(12):635-641.

10. Okcu G, Ozkayin N, Okta C, Topcu I, Aktuglu K. Which implant

is better for treating reverse obliquity fractures of the proximal

femur: a standard or long nail? Clin Orthop Relat Res. 2013;

471(9):2768-2775.

11. Sawaguchi T, Sakagoshi D, Shima Y, Ito T, Goldhahn S. Do

design adaptations of a trochanteric nail make sense for Asian

patients? Results of a multicenter study of the PFNA-II in Japan.

Injury. 2014;45(10):1624-1631.

12. Carr JB. The anterior and medial reduction of intertrochanteric

fractures: a simple method to obtain a stable reduction. J Orthop

Trauma. 2007;21(7):485-489.

13. Kozono N, Ikemura S, Yamashita A, Harada T, Watanabe T,

Shirasawa K. Direct reduction may need to be considered to

avoid postoperative subtype P in patients with an unstable

trochanteric fracture: a retrospective study using a multivari-

ate analysis. Arch Orthop Trauma Surg. 2014;134(12):

1649-1654.

14. Baumgaertner MR, Curtin SL, Lindskog DM, Keggi JM. The

value of the tip-apex distance in predicting failure of fixation of

peritrochanteric fractures of the hip. J Bone Joint Surg Am. 1995;

77(7):1058-1064.

15. Yamaguchi N, Takahashi T, Ueno T, et al. Pain deterioration

within 1 year predicts future decline of walking ability: a 7-year

prospective observational study of elderly female patients with

knee osteoarthritis living in a rural district. Geriatr Orthop Surg

Rehabil. 2018;9:2151459318799855.

16. Foss NB, Kehlet H. Hidden blood loss after surgery for hip frac-

ture. J Bone Joint Surg Br. 2006;88(8):1053-1059.

17. Crawford CH, Malkani AL, Cordray S, Roberts CS, Sligar W. The

trochanteric nail versus the sliding hip screw for intertrochanteric

hip fractures: a review of 93 cases. J Trauma. 2006;60(2):

325-328; discussion 328-329.

18. Iki M, DongMei N, Tamaki J, et al. Age-specific reference

values of hip geometric indices from a representative sample

of the Japanese female population: Japanese Population-based

Osteoporosis (JPOS) Study. Osteoporos Int. 2011;22(6):

1987-1996.

19. Nakamura T, Turner CH, Yoshikawa T, et al. Do variations in hip

geometry explain differences in hip fracture risk between Japa-

nese and white Americans? J Bone Miner Res. 1994;9(7):

1071-1076.

20. Wang XF, Duan Y, Beck TJ, Seeman E. Varying contributions

of growth and ageing to racial and sex differences in femoral

neck structure and strength in old age. Bone. 2005;36(6):

978-986.

6 Geriatric Orthopaedic Surgery & Rehabilitation

https://orcid.org/0000-0002-4198-6684
https://orcid.org/0000-0002-4198-6684
https://orcid.org/0000-0002-4198-6684
https://orcid.org/0000-0002-4198-6684
https://orcid.org/0000-0003-2291-0841
https://orcid.org/0000-0003-2291-0841
https://orcid.org/0000-0003-2291-0841


21. Su XY, Zhao Z, Zhao JX, et al. Three-dimensional analysis of the

curvature of the femoral canal in 426 Chinese Femurs. Biomed

Res Int. 2015;2015:318391.

22. Su XY, Zhao JX, Zhao Z, et al. Three-dimensional analysis of the

characteristics of the femoral canal isthmus: an anatomical study.

Biomed Res Int. 2015;2015:459612.

23. Mizushima S, Suwa G, Hirata K. A comparative analysis of fetal

to subadult femoral midshaft bone distribution of prehistoric

Jomon hunter-gatherers and modern Japanese. Anthropol Sci.

2016;124(1):1-15.

24. Marmor M, Elliott IS, Marshall ST, Yacoubian SV, Yacoubian

SV, Herfat ST. Biomechanical comparison of long, short, and

extended-short nail construct for femoral intertrochanteric frac-

tures. Injury. 2015;46(6):963-969.

25. Lhowe DW, Hansen ST. Immediate nailing of open fractures

of the femoral shaft. J Bone Joint Surg Am. 1988;70(6):

812-820.

26. Abdelaal AH, Yamamoto N, Hayashi K, et al. Radiological

assessment of the femoral bowing in Japanese population. SICOT

J. 2016;2:2.

Matsumura et al 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


