
Article

The posterior tibial slope is mainly
created by the posterior rotation
of the tibial condyles

Ryuji Nagamine1 , Makoto Kawasaki2, Kang-Il Kim3,
Akinori Sakai2 and Toru Suguro4

Abstract
Purpose: Constitutional varus in the coronal plane is formed based on the Hueter-Volkmann’s law. The varus deformity
occurs at the proximal metaphysis of the tibia and the tibial condyle rotates medially. In the sagittal plane, we hypo-
thesized that the posterior slope angle of the tibial articular surface may also occur at the proximal metaphysis and the
tibial condyle rotates posteriorly. The purpose of this study was to verify the hypothesis. Methods: A total of 208
patients who underwent TKA had lateral view proximal tibia digital radiograph on which seven parameters were
analyzed. The posterior slope angle of the tibial articular surface relative to the anterior wall of the tibial condyle and
that relative to the anterior cortex of the tibial shaft were assessed. Correlation between the position of the tibial
condyle and the posterior slope angle of the articular surface were assessed. Results: The proximal tibial condyle itself
did not have a posterior slope in the 86.5% of the participants. Posterior rotation of the tibial condyle created posterior
slope of the tibial articular surface relative to the anterior cortex of the tibial shaft. The more tibial condyle was
posteriorly rotated, the more the tibial articular surface shifted posteriorly. Conclusion: Study findings showed that the
posterior tibial slope occurs at the proximal metaphysis of the tibia, and the tibial condyle rotates posteriorly. The
posterior tibial slope involves the posterior shift of the tibial articular surface. The posterior tibial slope is mainly created
by the posterior rotation of the tibial condyle.
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Introduction

It is a common knowledge that proximal tibiae have some
degree of varus alignment that is called as the constitutional
varus.1–3 Proximal tibia vara involves the medial shift of
the articular surface. This is because the varus deformity
occurs at the proximal metaphysis of the tibia and the tibial
condyle rotates medially.2 This proximal tibia vara in the
coronal plane is based on the Hueter-Volkmann’s law.1

According to this law, growth at the physes is retarded
by increased compression, whereas reduced loading accel-
erates growth. In the sagittal plane, proximal tibiae have
various posterior slope angles of the tibial articular surface
(Figure 1). Our hypothesis stated that the tibial posterior
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slope could also be the consequence of the Hueter-Volk-
mann’s law, and the tibial condyle rotates posteriorly rela-
tive to the tibial shaft in the sagittal plane at the proximal
metaphysis of the tibia. In this study, two angle parameters
of the tibial posterior slope were assessed. The first tibial
posterior slope angle is relative to the tibial condyle and the
second is relative to the tibial shaft. To assess these two
angles, three parameters and four distance parameters were
established.

We had five hypotheses. Hypothesis 1 stated that the
posterior slope of the tibial articular surface was formed
by the posterior rotation of the tibial condyle at the
proximal metaphysis based on the consequence of the
Hueter-Volkmann’s law. Hypothesis 2 stated that the tibial
posterior slope angle had correlations with the posterior
shift of the tibial articular surface. Hypothesis 3 stated that
the posterior slope of the tibial articular surface in the
sagittal plane had correlation with the varus angle of the
articular surface in the coronal plane. Hypothesis 4 stated
that the posterior condyle hangover from the posterior
cortex gradually becomes larger according to the posterior
shift of the tibial articular surface. Hypothesis 5 stated that
the posterior slope angle of the tibial articular surface had
no correlation with age. In this study, by clarifying these
hypotheses, we could prove that the tibial posterior slope
is formed by the posterior rotation of the tibial condyle.

Materials and methods

The institutional review board approved this study protocol
before the study begun. A retrospective review of all
patients who underwent total knee arthroplasty (TKA) from
January 2017 to December 2019 in our institute was per-
formed. Of a total amount of 276 TKA cases, only cases

with medial osteoarthritis were selected. The exclusion cri-
teria were: cases with lateral osteoarthritis, or with patello-
femoral arthritis, or with post trauma arthritis (these knees
may probably have a malrotation of the tibia relative to the
femur), cases with bone defect or with destruction of the
articular surface, cases with osteophytes on the posterior
condyles (the most exact posterior point could not be
decided), cases that had undergone a second TKA, and
cases with rheumatoid arthritis. Consequently, 68 cases
were excluded with the above reasons; 208 cases were
assessed in this study.

There were 162 females and 46 males. The mean age
was 75.1 years old (range, 57 – 91 years). The mean height,
weight, and BMI were 152.8 cm, 60.9 kg, and 26.0, respec-
tively. The lateral view digital radiograph before TKA was
used for this study (Figure 1). The x-ray beam was centered
on the knee with the radiography tube at 100 cm. An 8 ×
10-inch cassette2 was placed immediately behind the parti-
cipant, and the digital radiograph (Toshiba, Japan) was
taken. A setting of 200 mA and a kilovoltage of 50 kV
were used. For the true lateral view, radiographs with the
distance between the most posterior points of the lateral
and medial femoral posterior condyles of 2 mm or less
were used for the measurements. The anteroposterior digi-
tal radiograph of the tibia was also taken before TKA
according to the previous study.2

The digital data of the radiograph was analyzed using
the computer soft-ware (ShadeQuest/ViewR, Yokokawa
Medical Solutions Corporation, Japan). The flexion angle
between the femur and tibia was expressed using the ante-
rior cortex of the shaft. The mean angle between the ante-
rior cortex of the distal femoral shaft and the anterior cortex
of the tibial shaft was 57.4° ± 12.1°. Six lines were drawn

Figure 1. (a) and (b). A tibia without a posterior slope of the tibial articular surface (a) and a tibia with a larger posterior slope (b).
The distances between the tibial tuberosity and the tibial articular surface and the distance between the tibial tuberosity and the
femoral condyle are different between (a) and (b).

2 Journal of Orthopaedic Surgery 28(3)



on the proximal tibia for angle parameters (Figure 2). Line
1 represented the anterior cortex of the tibial shaft. Line 2
represented the middle one-third of the medial articular
surface. The medial articular surface has three slopes. The
middle one-third area was used in this study.4 Line 3 rep-
resented the anterior wall of the tibial condyle. Line 4
represented the posterior cortex of the tibial shaft. Line 5,
drawn parallel to Line 2, represented the length of the tibial
condyle so that the end of the line was the most posterior
point of the condyle. Line 6 was the line perpendicular to
Line 1. Three angle parameters were measured. Angle TS
was the angle between Line 6 and Line 2. Angle TS rep-
resented the tibial articular slope angle relative to the ante-
rior cortex of the tibial shaft. Two new angle parameters,
Angle AWand Angle CS, were defined. Angle AW was the
angle between Line 1 and Line 3. Angle AW represented
the posterior tilting angle of the anterior wall of the tibial
condyle relative to the anterior cortex of the tibial shaft.
Angle CS was the angle between Line 2 and Line 3. Angle
CS presented the tibial articular slope angle relative to the
anterior wall of the tibial condyle. Angle TS and Angle AW
were measured, and Angle CS was calculated using Angle
TS and Angle AW.

Angle CS ¼ 90� þ Angle AW – Angle TS

With these angle parameters, the posterior slope angle of
the articular surface relative to the tibial condyle and rela-
tive to the tibial shaft were assessed.

Four distance parameters were measured. Line 5 repre-
sented the length of the tibial condyle. Distance CO was

the distance from L1 to the midpoint of Line 5 along Line
5. Then Distance AC was calculated using Distance CO
and Angle TS

Distance AC ¼ Distance CO X cosðAngle TSÞ
Distance AC represented the posterior shift distance of

the midpoint of the tibial condyle from Line 1. Distance PC
was the distance from Line 4 to the most posterior point of
Line 5. Distance PC represented the tibial posterior condyle
offset from the posterior cortex of the tibial shaft with the
same concept of the femoral posterior condyle offset.5 With
these distance parameters, the effect of Angle TS on the
position of the tibial articular surface relative to the anterior
cortex of the tibial shaft was assessed.

On the anteroposterior view radiograph of the tibia,
Angle SA that was the angle between the tibial plateau
tangent and the line perpendicular to the anatomical axis
of the tibia was measured with the same method as the
previous study.2,3

The lines and parameters used in this study were origi-
nated by the authors. Reliability of all parameters was
assessed using the intraclass correlation coefficients. One
of the authors measured all parameters three times and
assessed the intra-observer reproducibility in 40 partici-
pants. Three of the authors measured all parameters inde-
pendently and assessed the inter-observer reproducibility in
40 participants using the protocol of previous studies.6–8

The reproducibility method was blinded, and the readers
performed all measurements without knowledge of prior
results; all markings were erased for each reader. The

Figure 2. (a)–(c). Seven parameters on the lateral view of the proximal tibia. (a) A lateral view of the proximal tibia. (b) Six lines were
drawn, and the midpoint of the tibial condyle was set. The midpoint was the center of Line 5. (c) Three angular and four distance
parameters were measured.
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intra-observer agreement of Angle TS, Angle AW, Distance
CO and Distance PC were 0.95 (P < 0.01), 0.99 (P < 0.01),
0.92 (P < 0.01), and 0.99 (P < 0.01), respectively. The
inter-observer agreement of Angle TS, Angle AW, Distance
CO, and Distance PC were 0.97 (P < 0.01), 0.99 (P < 0.01),
0.95 (P < 0.01), and 0.99 (P < 0.01), respectively. One of
the authors (R.N) measured all parameters three times, and
the average of the three values was used for the analysis.
The correlation among parameters were assessed. Five
hypotheses were also verified.

Statistical analysis was performed using regression anal-
ysis to assess the relationships among the parameters. All
statistical analyses were conducted using JMP version 14.2
(SAS Institute Inc, Cary, NC, USA). Statistical significance
was set at P < 0.01.

Result

The mean (± SD) Angle TS, Angle AW, and Angle CS was
9.45° ± 3.70°, 15.7° ± 6.64°, and 96.2° ± 5.69°, respec-
tively. Angle CS was less than 90° in 28 knees (13.5%) and
was more than 90° in 180 knees (86.5%). Angle CS had a
strong positive correlation with Angle AW (correlation
coefficient r was 0.83, P < 0.01) (Figure 3). Angle TS had
a moderate positive correlation with Angle AW (r = 0.52,
P < 0.01) (Figure 4). However, no correlation was found
between Angle TS and Angle CS (r = −0.047, P = 0.50)
(Figure 5). The results showed that the tibial condyle itself
did not have a posterior slope in 180 knees (86.5%). In
such knees, the tibial condyle rotated posteriorly and the
articular surface had a posterior slope relative to the tibial
shaft. In 28 knees, the tibial condyle itself had a posterior
slope. The larger the Angle AW, the larger the Angle CS
(Figure 3). In general, Angle TS had a positive correlation
with Angle AW and did not have a correlation with Angle
CS. These data showed two results. First, the posterior
slope of the tibial articular surface was mainly created by
posterior rotation of the tibial condyle. Second, the point
where Angle AW was 7.0°, Angle TS was 90.0° (Figure 3),

meaning the tibial condyle was like a rectangle. As the
tibial condyle rotated posteriorly, the tibial condyle chan-
ged its shape just like a rectangle transformed to a rhom-
bus. The mean (± SD) length of Line 5, Distance CO,
Distance AC, and Distance PC were 53.1 ± 4.65 mm,
32.4 ± 4.42 mm, 31.8 ± 4.19 mm, and 16.3 ± 3.05 mm.
The mean (± SD) posterior condyle offset ratio (Distance
PC/length of Line 5 X 100) was 30.7 ± 4.75%. The length
of the tibial condyle (length of Line 5) had no correlation
with Angle TS (r = 0.076, P = 0.28). Distance CO had a
moderate positive correlation with Angle TS (r = 0.52, P <
0.01). Distance AC also had a moderate positive correlation
with Angle TS (r = 0.45, P < 0.01) (Figure 6). Distance AC
had a strong positive correlation with Angle AW (r = 0.62,
P < 0.01). Distance PC had a positive correlation with
Angle AW (r = 0.31, P < 0.01). Distance PC had a strong
positive correlation with Distance CO (r = 0.59, P < 0.01).
The results showed that the midpoint of the tibial condyle
shift posteriorly according to the posterior rotation of the

Figure 3. Strong positive correlation between Angle AW and
Angle CS. The larger the Angle AW, the larger the Angle CS was.

Figure 4. Positive correlation between Angle TS and Angle AW.
The posterior tibial slope is mainly created by the posterior
rotation of the tibial condyles.

Figure 5. No correlation between Angle TS and Angle CS
Angle. CS was more than 90 in 180 knees (86.5%). The tibial
condyle itself does not have a posterior slope of the articular
surface in such knees.
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tibial condyle. This posterior shift of the tibial condyle
increased the tibial posterior condyle offset. Angle TS,
Angle AW, or Angle CS had no correlation with Angle
SA (r = 0.13, 0.14, and 0.083; P = 0.070, 0.042, and
0.23, respectively). Angle TS, Angle AW, Angle CS or
Angle SA did not have correlation with age (r = 0.12,
−0.032, −0.11 and −0.038; P = 0.095, 0.65, 0.11, and
0.58, respectively).

Discussion

This is the first paper to focus on the angle of the anterior
wall of the tibial condyle relative to the tibial shaft (Angle
AW) and the angle between the anterior wall of the tibial
condyle and the medial articular surface (Angle CS). The
results clearly showed that the tibial condyle itself did not
have a posterior slope of the tibial articular surface in more
than 86% of the cases. The posterior rotation of the tibial
condyle creates the posterior slope of the tibial articular
surface relative to the tibial shaft.

Hypothesis 1 was affirmed. Posterior rotation of the
tibial condyle supports the concept of “constitutional”
based on the Hueter-Volkmann’s law. However, the poster-
ior rotation of the tibial condyle involved transformation. In
understanding the mechanism of elasticity, it is necessary to
use two areas and two directions of the body weight load-
ing to explain the configuration of the tibial condyle (Fig-
ure 7). Without the body weight loading, the tibial condyle
moved superiorly with the bone growth of the metaphysis
(Figure 7b). The body weight loading has two directions
(vertical loading and shear stress) (Figure 7c). In the meta-
physis, the bone grows in the anterior region and the
growth is retarded in the posterior region by vertical load-
ing based on the Hueter-Volkmann’s law (Figure 7d). In the
tibial condyle, the shear strain by shear stress induces a so-

Figure 6. Positive correlation between Angle TS and Distance
CO. The larger the tibial posterior slope, the more the tibial
articular surface shifts posteriorly.

Figure 7. Formation of the tibial condyle in the sagittal plane. (a) Simplified scheme of the tibial condyle. (b) Tibial condyle moves
superiorly with the bone growth at the metaphysis without body weight loading. (c) Body weight has two direction (vertical loading
and shear stress). (d) With the vertical loading on the posterior part of the metaphysis, the bone growth is retarded and the tibial
condyle rotates posteriorly. (e) With the shear stress, the tibial condyle has a rhomboid transformation due to the shear strain.
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called rhombus transformation of the tibial condyle (Fig-
ure 7e). Hypothesis 2 was also affirmed. The results clearly
showed a positive correlation between tibial posterior slope
angle and the posterior shift of the articular surface. Both
the posterior rotation and the rhombus transformation of
the tibial condyle shift the tibial articular surface poster-
iorly. Hypothesis 3 was denied. Even though the articular
surface in both the coronal and sagittal planes was formed
based on the Hueter-Volkmann’s law, the mechanical load-
ing was different between the coronal and sagittal planes.
Hypothesis 4 was affirmed. The more posteriorly the mid-
point of the condyle shifted, the larger the posterior con-
dyle offset. Hypothesis 5 was also affirmed. No angle
parameters correlated with the age. These results supported
the concept of the constitutional. According to the consti-
tutional varus in the coronal plane, posterior rotation of the
tibial condyle can be called “constitutional posterior rota-
tion” in the sagittal plane. Angle and distance parameters
are necessary to analyze the configuration of the tibial
condyles in both the coronal and sagittal planes.

This paper has several limitations. First, the knee joints
with medial arthritis were analyzed in patients and not in
healthy people. Therefore, the normal value of the posterior
slope of the tibial articular surface is still unclear. With
parameters such as Angle TS and Angle AW, the normal
values can be obtained. Although these normal values of all
the parameters of the knee joint are very important, for
knee surgeons, it is also important for them to have the
accurate information on the anatomic variations of the
bones in the knee joint of patients including elderly
patients. Second, the flexion angle between the femur and
the tibia was not the same among the 208 knees. The
difference of the flexion angle may mean the difference
of the rotation angle of the tibia relative to the femur and
may influence the value of the angle parameters. In this
study, cases with the flexion angle between the anterior
cortex of the distal femoral and the tibial shafts less than
30° were not included because the knees have a screw
home mechanism, and the rotation angle of the tibia rela-
tive to the femur changed dramatically from full extension
to 30° of flexion. From 30° to 90° of flexion, the tibia
rotates slightly internally relative to the femur. We assumed
that such a small difference did not influence the results of
this study. Therefore, radiographs with the angle between
the femoral and tibial anterior cortex between 30° and 90°
of flexion were used in this study. Third, the osteophytes
may influence the shape of the anterior wall of the tibial
condyle. In the ordinary knees, the straight part could be
identified on the anterior wall of the tibial condyle, and in
knees where the straight line could not be drawn were not
included in this study. The posterior osteophyte also hin-
ders the decision on the most posterior point of the tibial
condyle. Such knees were also not included in this study.

It has been reported that a large posterior tibial slope
was the risk factor for anterior cruciate ligament (ACL)
injury.9–15 The results of this study showed three factors

that could be used to assess the cases with ACL injury.
First, the posterior rotation of the tibial condyle involves
a posterior shift of the tibial articular surface. Therefore, the
anatomical axis that is the central line of the tibial shaft
does not coincide with the mechanical axis that is defined
as the line between the center of the tibial articular surface
and the center of the plafond (ankle joint). This discrepancy
influenced the value of the tibial posterior slope angle. In
previous studies, the reference line of the sagittal view has
not been united.9–15 The anterior cortex of the tibial shaft
may be the best reference line because a reference line can
certainly be drawn along the cortex, and Angle AW and
Angle CS can be assessed. The second factor is a possible
hyperextension of the tibial condyle in knees with a larger
posterior tibial slope. Full extension between the femoral
and tibial shafts induces hyperextension of the tibial con-
dyle including the articular surface and the ACL relative to
the femur (Figure 8). Figure 8c also showed the difference
in the location between the central lines of the femoral and
tibial shafts because of the posterior shift of the tibial
articular surface. The third factor is the distance from the
tibial tuberosity to the femoral condyle (Figure 1). Because
the position of the femoral condyle was decided on the
tibial articular surface,16 the larger the tibial posterior slope,
the longer the distance between the tibial tuberosity and the
femoral condyle. These factors may be complex risk factors
for ACL injury.

Figure 8. Flexion angle relative to the femur is different
between the tibial condyle and the tibial shaft in knees with a
larger posterior slope. The solid line shows the central line of the
femoral shaft. The dotted line shows the central line of the tibial
shaft. (a) A tibia without posterior rotation of the tibial condyle.
(b) A tibia with a larger posterior rotation of the tibial condyle.
The location of the tibial articular surface with ACL and PCL
relative to the femur is the same with (a). (c) Full extension
between the femoral and tibial shafts in the knee with a larger
posterior rotation of the tibial condyle induces hyperextension
of the articular surface and the ACL. The location of the central
line is different between the femoral and tibial shafts.
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During TKA, the angle and position of the tibial compo-
nent vary according to the tibial posterior slope. In knees
without posterior slope angle, there is a possibility that the
stem of the tibial component impinges against the anterior
cortex of the proximal tibia if the tibial component is
inserted with a larger posterior slope. In knees with a larger
posterior slope angle, there is a possibility that the stem of
the tibial component impinges against the posterior cortex of
the tibia if the tibial component is inserted with no posterior
slope. The tibial posterior slope and the posterior condylar
offset should be taken into account in TKA to decide the
optimal setting of the tibial component. The optimal poster-
ior slope angle for TKA is still obscure. The position of the
tibial and femoral components relative to the tibial tuberosity
vary according to the posterior shift of the tibial articular
surface. Further studies regarding the dependence of clinical
results on the tibial posterior slope for TKA and the TKA
design are necessary, considering the degree of the posterior
shift and the angle of the posterior slope.

Conclusion

The posterior slope of the tibial articular surface is mainly
created by the posterior rotation of the tibial condyle. The
larger posterior slope of the tibial articular surface involves
a posterior shift of the articular surface.

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.

Ethical approval

Each author certifies that his or her institution has approved the
human protocol for this investigation and that all investigations
were conducted in conformity with ethical principles of research.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: This
paper was supported in part by Grant-in-Aid for Science Research
(C), No. 19K09564 to Makoto Kawasaki from the Ministry of
Education, Culture, Sports, Science and Technology, Japan.

ORCID iD

Ryuji Nagamine https://orcid.org/0000-0003-3865-7684

References

1. Bellemans J, Colyn W, Vandenneucker H, et al. The Chitran-
jan Ranawat award: is neutral mechanical alignment normal
for all patients? The concept of constitutional varus. Clin
Orthop Relat Res 2012; 470: 45–53.

2. Kawasaki M, Nagamine R, Chen W, et al. Proximal tibia vara

involves the medial shift of the tibial articular surface. J

Orthop Surg (Hong Kong) 2020; 28: 2309499020902592.
3. Nagamine R, Miura H, Bravo CV, et al. Anatomic variations

should be considered in total knee arthroplasty. J Orthop Sci

2000; 5: 232–237.
4. Jiang Y, Okamato R, Morii T, et al. Retroversion angle of

anterior, middle and posterior tibial plateau with comparison

between medial and lateral compartment of the knee. Seikei-

geka 1988; 39: 1969–1972. In Japanese.
5. Bellemans J, Banks S, Victor J, et al. Fluoroscopic analysis of

the kinematics of deep flexion in total knee arthroplasty.

Influence of posterior condylar offset. J Bone Joint Surg Br

2002; 84: 50–53.
6. Brandon ML, Haynes PT, Bonamo JR, et al. The association

between posterior-inferior tibial slope and anterior cruciate

ligament insufficiency. Arthroscopy 2006; 22: 894–899.
7. Colebatch AN, Hart DJ, Zhai G, et al. Effective measurement

of knee alignment using AP knee radiographs. Knee 2009;

16: 42–45.
8. Sabharwal S, Zhao C and Edgar M. Lower limb alignment in

children: reference values based on a full-length standing

radiograph. J Pediatr Orthop 2008; 28: 740–746.
9. Qi Y, Sun H, Fan Y, et al. Three dimensional finite element

analysis of the influence of posterior tibial slope on the ante-

rior cruciate ligament and knee joint forward stability. J Back

Musculoskelet Rehabil 2018; 31: 629–636.
10. Ristic V, Maljanovic MC, Pericin B, et al. The relationship

between posterior tibial slope and anterior cruciate ligament

injury. Med Pregl 2014; 67: 216–221.
11. Senisik S, Ozgurbuz C, Ergun M, et al. Posterior tibial slope

as a risk factor for anterior cruciate ligament rupture in soccer

players. J Sports Sci Med 2011; 10: 763–767.
12. Sonnery-Cottet B, Archbold P, Cucurulo T, et al. The influ-

ence of the tibial slope and the size of the intercondylar notch

on rupture of the anterior cruciate ligament. J Bone Joint Surg

Br 2011; 93: 1475–1478.
13. Todd MS, Lalliss S, Garcia E, et al. The relationship between

posterior tibial slope and anterior cruciate ligament injuries.

Am J Sports Med 2010; 38: 63–67.
14. Vyas S, van Eck CF, Vyas N, et al. Increased medial tibial

slope in teenage pediatric population with open physes and

anterior cruciate ligament injuries. Knee Surg Sports Trauma-

tol Arthrosc 2011; 19: 372–377.
15. Wordeman SC, Quatman CE, Kaeding CC, et al. In vivo

evidence for tibial plateau slope as a risk factor for anterior

cruciate ligament injury: a systematic review and meta-anal-

ysis. Am J Sports Med 2012; 40: 1673–1681.
16. Freeman MA and Pinskerova V. The movement of the normal

tibio-femoral joint. J Biomech 2005; 38: 197–208.

Nagamine et al. 7

https://orcid.org/0000-0003-3865-7684
https://orcid.org/0000-0003-3865-7684
https://orcid.org/0000-0003-3865-7684


<<
  /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


