
The surgical treatment of posterior instability of the knee
is evolving rapidly; however, there are as yet no prospective
randomized studies of operative versus nonoperative treat-
ment of the knee when the posterior structures have been

injured to guide surgeons as to indications for surgical
treatment or selection of reconstruction technique. The pur-
pose of this study was to establish, using an in vitro cadav-
eric model, the kinematic laxity pattern of the knee after
an anatomically defined PCL/posterolateral corner (PLC)
injury, for which most authorities advocate surgical treat-
ment. Furthermore, we tested the hypothesis that a double-
bundle PCL repair is preferable to a single-bundle PCL
repair with regard to restoration of normal joint positioning
and laxity of a combined PCL/PLC–injured knee.

Posterior cruciate ligament injuries make up from 4% to
20% of all knee ligament injuries and up to 38% of liga-
mentous injuries seen in trauma patients.7,23 Although the
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PCL is recognized as providing primary restraint to posterior
tibial translation,10-12 isolated PCL injuries usually result
in low levels of instability because of the presence of effec-
tive secondary restraints. Isolated PCL injuries are, there-
fore, commonly treated nonoperatively, although there is
evidence suggesting that such treatment may lead to
progressive knee pain and chronic instability.3,17,27,30,32

However, after a combined injury involving the PCL and
the PLC, when abnormal posterior laxity usually exceeds
10 mm, medial femoral condyle cartilage degeneration
rapidly appears.32 It has been shown, in cadaveric studies,
that posterior tibial translation, varus deformity, and
increased quadriceps force needed to extend the PCL/PLC–
deficient knee lead to increased medial compartment and
patellofemoral joint forces.31 Surgical intervention is the
treatment of choice for the PCL/PLC–deficient knee that
demonstrates more than 10 mm of abnormal posterior lax-
ity and at least 15° of abnormal external rotation laxity
(a grade 2+ posterior drawer indicative of a grade 3 PCL
sprain and additional grade 3 injury to the posterolateral
structures).25

The operative treatment of a combined PCL/PLC injury
remains controversial in that there is no consensus as yet
on the optimum reconstruction procedure. Controversy
exists regarding graft selection, tunnel position, flexion
angles for joint reduction, graft tensioning, and fixation.
The PCL is a complex soft tissue structure made up of
2 bands or bundles: a larger anterolateral (AL) bundle and
a smaller posteromedial (PM) bundle. The customary PCL
reconstruction involves a single-bundle graft positioned to
mimic the AL band and tensioned and fixed at 90° of flex-
ion with the tibia anteriorly displaced to restore normal
femoral-tibial positioning at that flexion angle. Several
studies have reported that such single-bundle reconstruc-
tions restore posterior laxity but only at low knee flexion
angles.4,9,15,28 The question has arisen as to whether a sin-
gle-bundle reconstruction of the PCL is sufficient or if a
double-bundle reconstruction, mimicking the natural PCL
anatomy, is necessary. Several authors have reported on
double-bundle techniques and described different land-
marks for the tunnels as well as different knee positions for
tensioning and fixation of the grafts.† It has been the com-
mon belief that the AL bundle tightens in knee flexion and
the PM bundle tightens in extension,10 but recent studies
have shown that both bundles elongate during knee flex-
ion.19,29 In the various reports of double-bundle reconstruc-
tions, the AL bundle has been tensioned and fixed at flexion
angles from 60° to 90°, and the PM bundle has been ten-
sioned and fixed at knee flexion angles from 0° to
120°.1,5,6,9,14,21,25,26,29 The issue is confused and complicated
by conflicting results. Data from Bergfeld et al1 and Race
and Amis29 suggest that little is gained by the additionally
complex double-bundle surgical procedure. Harner et al14

found that the double-bundle reconstruction was better
able to restore posterior laxity but also found that the abil-
ity of a single-bundle reconstruction to do so depended
greatly on the joint angle and graft tension at the time of

graft fixation.15 However, these studies were all conducted
on knees with simulated isolated PCL injuries. There is
clearly a need for further investigation to develop consen-
sus on an optimum procedure for the treatment of the com-
bined PCL/PLC injury.

MATERIALS AND METHODS

Eight fresh-frozen, cadaveric lower extremities from 5
male donors, whose mean age at death was 73 ± 6 years
(range, 66-82 years), were tested. This sample size was cho-
sen based on published reports of similar testing in which
5, 8, or 10 cadaveric specimens had been used.14,16,21,29 Two
studies published recently also used 8 specimens.1,13 The
knee specimens were prepared for laxity testing using a
protocol that has been described in previous studies.18,22

After the specimen was thawed to room temperature, the
Achilles and posterior tibial tendons were harvested.
Grafts were prepared by tubularizing these tendons with
2-0 synthetic absorbable suture (Vicryl, Ethicon Inc,
Johnson & Johnson, Somerville, NJ) and a modified
Bunnell stitch of No. 5 braided, nonabsorbable polyester
suture (Mersilene, Ethicon Inc) for fixation. The Achilles
tendon, to be used as a graft for the AL bundle, was sized
to 10 mm, and the posterior tibial tendon, to be used as a
graft for the PM bundle, was sized to 8 mm. The knee spec-
imen was then stripped of all soft tissue beyond the joint
capsule proximally and the tibial tubercle distally. The
tibia and femur were then each transected approximately
20 cm from the joint. The distal end of the tibia and proxi-
mal end of the femur were potted in PVC pipe with poly-
methyl methacrylate. The femur, via its PVC extension,
was rigidly attached to a 3-axis load-torque cell (FARO
Medical Technologies, Lake Mary, Fla) mounted on an
in vitro knee kinematics test stand. A 6 degrees of freedom
instrumented spatial linkage (FARO Medical Technologies)
was connected between the tibia and the test stand. The
load cell provided measurement of 3-dimensional forces
and torques applied to the knee specimen, and the instru-
mented spatial linkage measured the 6 degrees of freedom
motion of the tibia relative to the femur. The accuracies of
these instruments in this application have been shown to
be <1 mm, <1°, <3 N, and <1 N·m at the 95% confidence lim-
its18,22 for the translations, rotations, forces, and torques,
respectively.

During preparation for testing, each specimen was
examined physically and radiographically for evidence of
previous surgery or clinically evident cruciate ligament
abnormalities. When the joint capsule was opened during
testing, the specimen was also inspected to verify initially
intact cruciate ligaments and the lack of frank articular
degeneration. Two specimens available for these tests were
excluded based on these inspections.

Each knee specimen in its intact condition, with sham
medial parapatellar and posteromedial arthrotomies, was
put through a passive flexion-extension cycle to determine
the neutral or resting positions of the tibia with respect to
the femur, in terms of anterior/posterior, medial/lateral,
proximal/distal, varus/valgus, and internal/external tibial†References 1, 2, 5, 6, 9, 14, 21, 25, 26, 29.
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displacements at 0°, 30°, 60°, and 90° of flexion.
Displacements from the neutral positions were then deter-
mined after the application of 100-N anterior and posterior
forces, 10-N·m varus and valgus rotation torques, and 3-
N·m internal and external rotation torques. The PCL and
the PLC were then sectioned. Sectioned PLC structures
were the fibular collateral ligament, the popliteus tendon,
the posterolateral capsule, and the arcuate complex. The
passive flexion-extension cycle was repeated to determine
any changes in the neutral position of the tibia from that
seen in the intact knee due to the sectioning of the
PCL/PLC. The anterior-posterior stress tests (100 N),
varus-valgus stress tests (10 N·m), and internal-external
rotation tests (3 N·m) were repeated for the PCL/PLC–sec-
tioned specimen. The displacements of the PCL/PLC–sec-
tioned knee in these stress tests were measured from the
initial neutral positions of the intact knee. This testing
protocol was then repeated after each of the following 2
reconstruction techniques.

Single AL Bundle Graft (Achilles Tendon)
PCL Reconstruction

The drill holes were made following the recommendations
of Bisson and Clancy.2,6 For the femoral tunnel in a right
knee, the AL bundle guide wire was placed at the 1:30 clock
position, 6 mm posterior to the articular surface (Figure 1).
The wire was then overdrilled to 10 mm. The placement of
the tibial tunnel was performed with the tibia jig set at 55°,
and the exit point was slightly lateral to the interspine line
and in the distal third of the tibial PCL insertion. After the
satisfactory positioning of a guide wire, the tibial tunnel
was overdrilled to 10 mm. A GORE-TEX Crucial Smoother
(W L Gore and Associates Inc, Flagstaff, Ariz) was used to
prepare the tunnel and to pass the graft. The graft was
secured proximally to a screw post on the femur (Figure 2).
The graft was passed through the femoral drill hole, across
the joint, and through the tibial drill hole. After 20 flexion-
extension cycles with tension on the graft to seat and
precondition the graft, the joint was put into 90° of flexion,
and the graft was tensioned until the anterior surface of the
tibia had translated, without rotational constraint, 1 cm
anterior to the femoral condyles. The tensioned graft was
then fixed to a screw post on the tibia.

Double-Bundle PCL Reconstruction

The Achilles tendon graft used in the single-bundle recon-
struction described above was released before the installa-
tion of the double-bundle reconstruction was begun and was
reinstalled during the double-bundle procedure. To position
the femoral tunnel for the PM bundle graft, the guide wire
was placed at the 4-o’clock position approximately 5 mm pos-
terior and distal to the tunnel for the AL bundle (Figure 1).
The wire was then overdrilled to 8 mm, creating a “shallow-
shallow” double-tunnel placement as described by Noyes
et al.25 The existing tibial tunnel was then overdrilled to
12 mm to accommodate the double graft. The GORE-TEX
Crucial Smoother was used to prepare the tunnels and to
pass the grafts. The grafts were fixed proximally to femoral
screw posts and passed through the drill holes. The joint was
again put through 20 flexion-extension cycles with tension on
the grafts to seat and precondition the grafts. Tensioning and
fixation of the AL bundle graft proceeded as described above
for the single-bundle reconstruction. A preliminary trial, pre-
sented in the Appendix, had indicated that superior restora-
tion of normal motion and stability was achieved when both
the AL and the PM bundles were fixed at 90° of flexion. Thus,
with the joint still at 90° of flexion, the PM bundle graft was
tensioned to remove slack without changing the anteriorly
translated position of the tibia relative to the femur. The ten-
sioned PM graft was then fixed to the screw post on the tibia.

Analysis of variance (ANOVA), followed when necessary
by post priori Tukey HSD tests (P < .05), was used to sta-
tistically assess differences in the mean changes in neutral
positions and laxities between the knee conditions. Paired t
tests (P < .05) were used to identify trends in the tibial rest-
ing position data where statistical significance was not
found by the ANOVA-HSD tests.

Figure 1. Femoral tunnel locations for the single- and double-
bundle reconstructions.

Figure 2. Posterior cruciate ligament reconstruction tech-
nique with tensioning and fixation of the graft on the tibia with
the knee at 90° of flexion and the tibia displaced anteriorly.
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RESULTS

Kinematic Analysis of the PCL/PLC–Injured Knee

Neutral Tibial Positions. When the PCL and PLC were cut,
the neutral position of the tibia was significantly (P < .05)
posteriorly displaced, except at full extension (Figure 3). The
mean posterior translation of the tibial neutral position
increased with increasing flexion, reaching 9.8 mm at 90° of
flexion. Varus angulation occurred when the PCL and PLC
were cut, but the changes were not significant (Table 1). The
resting position of the tibia tended to be externally rotated
when the PCL and PLC were sectioned, but again, the
changes were not statistically significant (Table 2).

Tibial Laxities. Posterior tibial translations in the intact
knee due to 100-N posterior loads were greatest at 30° of
flexion and trended to decrease with flexion (Figure 4).
Sectioning of the PCL and PLC significantly increased
(P < .05) the posterior translation with 100 N of posterior
load. The mean posterior translation reached 18.9 mm at
90° of flexion, demonstrating a 15-mm increase over the
mean value seen for the intact knee. Varus laxity also sig-
nificantly increased after cutting of the PCL/PLC, reaching
13.6° at 90° of flexion (Figure 5). The external rotation lax-
ity also increased with the simulated injury, reaching 20.9°
at 90° of flexion (Figure 6). It should be noted that although
the external rotation of the injured knee increased, on aver-
age, it exceeded that of the intact knee by only 10°.
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Figure 3. Anterior and posterior changes in tibial neutral position
(mean ± SD). *Statistical significance (P < .05) from intact knee
condition. PLC, posterolateral corner; ext, extension.

TABLE 1
Tibial Resting Position: Varus/Valgus Deviation (deg) of Neutral Tibial Position

Relative to the Intact Knee Conditiona

Full Extension 30° 60° 90°

PCL/posterolateral corner deficient –0.1 ± 1.8 –0.2 ± 5.2 –2.1 ± 3.9 –2.2 ± 3.6
Single bundle –0.4 ± 1.2 –1.8 ± 1.8 –1.1 ± 2.0 –1.3 ± 3.6
Double bundle –1.2 ± 2.0 –1.0 ± 4.7 –0.4 ± 2.4 –2.0 ± 2.1b

aPositive value is valgus, and negative value is varus (mean ± SD).
bStatistical significance (P < .05) from intact knee condition.

TABLE 2
Tibial Resting Position: Internal/External Deviation (deg) of Neutral Tibial Position

Relative to the Intact Knee Conditiona

Full Extension 30° 60° 90°

PCL/posterolateral corner deficient –0.7 ± 1.1 1.6 ± 4.1 4.3 ± 6.0 1.1 ± 1.5
Single bundle 0.8 ± 2.6 2.9 ± 2.5b 2.6 ± 3.9 –4.7 ± 7.2
Double bundle 2.1 ± 1.6b 2.4 ± 3.8 4.1 ± 5.7 4.1 ± 6.4

aPositive value is external, and negative value is internal (mean ± SD).
bStatistical significance (P < .05) from intact knee condition.
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Kinematics of the Single- and Double-Bundle
PCL Reconstructions

Neutral Tibial Positions. Both tested reconstruction tech-
niques reduced the posterior displacement of the tibial
neutral position (Figure 3). The single-bundle reconstruction
more closely mimicked the intact knee in neutral position
across all angles of flexion, and there was a trend for the
double-bundle reconstruction to subluxate the knee anteriorly
at flexion angles of 30° and more (P < .05, paired t tests). The
reconstructions had no effect on the varus shift or the axial
rotation of the neutral position of the tibia (Tables 1 and 2).

Tibial Laxities. Except for the single-bundle reconstruc-
tion at 90°, the posterior laxity results of both reconstruc-
tions did not differ statistically from those of the intact
knee (Figure 4). However, the double-bundle technique
trended to more closely mimic the intact condition with
regard to posterior tibial laxity, and its results were statis-
tically different from those of the single-bundle recon-
struction at 30°, 60°, and 90° of flexion. The abnormal
varus laxity (Figure 5) and the abnormal external rota-
tions (Figure 6) of the PCL/PLC–sectioned knee were not
statistically changed by the reconstructions.

We evaluated the coupled posterior translation that
occurred when the 3-N·m external torque was applied
to the tibia to further assess the posterolateral rotatory
instability that was created with the PCL/PLC injury.
Relative to the intact knee, the PCL/PLC–deficient knees
showed increased coupled posterior displacement, which
was statistically significant at 60° and 90° of flexion
(Figure 7). The double-bundle reconstruction provided
translations closer to those of the intact knee than did the
single-bundle reconstruction, but both reconstructions
reduced the coupled posterior displacement to levels not
significantly different from those of the intact knee with
the exception of the single-bundle reconstruction at 90° of
flexion.

DISCUSSION

The PCL/PLC injury model was selected for study because
clinical indications for surgical treatment are not usually
achieved in an isolated PCL-injured knee. Surgical indi-
cations are usually taken as more than a 10-mm side-to-
side increase in posterior laxity, increased varus laxity, and
a 15° side-to-side increase in external rotation laxity, all at
90° of flexion.25 These indications are usually achieved in
the combined grade 3 PCL/PLC injury. For the specimens
tested in this study, the anatomically defined PCL/PLC
injury created a mean increase of 15 mm in posterior laxity
and an increase of 10° of external rotation laxity at 90° of
flexion, increased varus laxity at all flexion angles, and,
most important, an increase of 8 mm in the coupled poste-
rior translation with external rotation at 90° of flexion. All
these abnormalities objectively demonstrate posterolateral
rotatory instability after the sectioning of the PCL/PLC
and foretell the rapid medial condylar degeneration seen
clinically after PCL/PLC injuries.32
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This article has reported on single- and double-bundle
reconstructions for a knee in which both the PCL and the
PLC were sectioned to simulate a combined injury.
Previously published reports have discussed single- and
double-bundle PCL reconstructions for only isolated PCL
injuries.1,14,15,21,29 Harner et al16 did investigate the effects
of injury to the posterolateral structures but only in the
context of how sectioning of the posterolateral structures
affected the stability of a knee that had already undergone
a single-bundle reconstruction of an insolated PCL injury.

The posterior laxity results after the single- and double-
bundle reconstructions of the combined PCL/PLC–sectioned
knee were similar to those reported for similar reconstructions
of isolated PCL injuries. The posterior laxity after the single-
bundle reconstruction was significantly greater than that of
the intact knee only at 90° of flexion, although there were no
statistical differences in posterior laxity between the double-
bundle reconstruction and the intact knee, in agreement
with the findings of Bergfeld et al1 and Race and Amis.29

Although not different from those of the intact knee, the pos-
terior laxities after the double-bundle reconstruction were
significantly less than those for the single-bundle reconstruc-
tion for 30°, 60°, and 90° of flexion. These findings are similar
to those of Harner et al14 for single- and double-bundle recon-
structions of an isolated PCL injury, although they found sta-
tistical differences between the single- and double-bundle
reconstructions and between the single-bundle reconstruction
and the intact knee at all flexion angles from full extension to
120°. However, in testing of a separate set of knees using the
same testing protocol, Harner et al15 found no difference in
posterior laxity between the single-bundle reconstruction and
the intact knee. Direct comparisons between these studies are
made difficult by the differences in tested knee conditions
(isolated or combined injuries) and reconstruction techniques
(flexion angles at graft fixation, etc) that exist between them.

Although not statistically significant, results of the
ANOVA-HSD analysis and paired t tests (P < .05) identified a
trend for the double-bundle reconstruction to abnormally
anteriorly subluxate the neutral resting tibial position at flex-
ion angles of 30° and greater (Figure 3).This trend may reveal
an overconstraint of the reconstructed knee, possibly result-
ing from the surgical technique variables of PM tunnel place-
ment, graft tensioning, and fixation after the AL bundle graft
had reduced the joint by anterior tibial translation. The neu-
tral resting position of the tibia after reconstruction of the
PCL/PLC–deficient knee has not been examined in previous
biomechanical studies of single- or double-bundle reconstruc-
tions,1,14,25,28,29 but it is a very important factor in the postre-
construction course of the knee and warrants further study.
Subluxation of the tibiofemoral joint into an abnormal neu-
tral position could lead to rapid cartilage degeneration. We
know from clinical studies that single-bundle AL reconstruc-
tions stretch out with time.6,8,20,24 Although undesirable in
the single-bundle reconstruction, such stretching after the
double-bundle technique tested in this study might reduce or
eliminate the joint subluxation caused by the overconstraint
associated with the double-bundle reconstruction.

The anteriorly displaced tibial resting position seen after
the double-bundle reconstruction tested in this study may pos-
sibly have resulted from the chosen femoral tunnel placement

and/or the flexion angle at which the grafts were tensioned
and fixed.25 There is no consensus as to where or how to ten-
sion and fix the PM bundle of a double-bundle PCL recon-
struction. Past studies have tensioned and fixed the PM
bundle at flexion angles ranging from 0° to 120°.1,5,6,9,14,21,25,26,29

Noyes et al25 cautioned that shallow PM tunnel placement,
as used in this study, may cause overconstraint of the knee in
flexion, but deep tunnel positions may not control posterior
laxity in flexion. We based our decision to tension and fix the
PM grafts at 90° of flexion on the results of a preliminary
trial (see the Appendix) in which the posterior laxity most
closely mimicked that of the intact knee when the PM graft
was tensioned at 90°. Tensioning of the PM bundle at 90° of
flexion has been used in other studies.21,29 The tunnel loca-
tion and other aspects of the reconstruction procedure may
also affect the in situ loads carried by the graft.The measure-
ment or calculation of such in situ forces was beyond the
scope of this study but has been done in other studies.14-16,21,29

Neither reconstruction adequately addressed the instabil-
ity created by the PLC injury. Significantly increased varus
and external rotation laxity remained after both reconstruc-
tions (Figures 5 and 6). The increased coupled posterior
translation with external rotation at 90° (Figure 7) was best
addressed by the double-bundle reconstruction but, again,
at a cost of overconstraint and joint subluxation.

We found only a 10° increase in external rotation laxity
at 90° of flexion after cutting of the PCL and the PLC. This
observed increase in external rotation laxity is less than
the standard clinical diagnostic criterion, a finding that
suggests that injuries to the PLC may be underdiagnosed.
Noyes et al25 recommended using the final position of the
posteriorly subluxated lateral tibial plateau as part of the
criteria and not just the increased external rotation laxity.
We found that coupled posterior translation with external
rotation at 90° was 10.2 mm for the PCL/PLC–injured
knee but was only 2.3 mm for the intact knee. This differ-
ence is possibly a more easily recognizable clinical laxity
abnormality than is the external rotational abnormality.

Past biomechanical studies have addressed the increased
stress placed on the graft and the persistent posterolateral
rotatory instability that remains after a single-bundle PCL
reconstruction for a knee that also has a PLC injury.16,25,33

This study has now further demonstrated that the external
rotatory instability of the PCL/PLC–injured knee is not cor-
rected by either a single- or a double-bundle PCL reconstruc-
tion. We recommend addressing the PLC injury separately.

CONCLUSION

The laxity profile of the reconstructed combined
PCL/PLC–sectioned knee was better with the tested double-
bundle reconstruction technique than with the tested single-
bundle reconstruction technique. The PLC deficiency was
not adequately addressed by either of the reconstruction
techniques tested.
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APPENDIX
Preliminary Double-Bundle Trial

Because of the wide range of flexion angles reported in the
literature for the tensioning and fixing of a posteromedial
(PM) bundle graft,1,5,6,9,14,22,26,27,30 we conducted a prelimi-
nary trial on a single knee specimen to establish the PM
bundle reconstruction protocol for the double-bundle recon-
struction technique to be tested in this study. A single, fresh-
frozen, cadaveric, lower extremity specimen was thawed to
room temperature and was prepared, along with its Achilles
and posterior tibial tendons, for testing as described in the
Materials and Methods section. Once mounted on the test
stand, the specimen was evaluated for the tibial neutral
position at 60° and 90° of flexion, and the anterior/posterior
tibial laxities as a result of 85-N forces were measured at
these 2 flexion angles. The knee was again tested after sec-
tioning of the PCL and posterolateral corner and then after
a double-bundle PCL reconstruction. The bony tunnel posi-
tions and the reconstruction techniques were as described
in the Materials and Methods section. With the knee in
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90° of flexion, the anterolateral bundle graft tensioned until
the anterior surface of the tibia had translated 1 cm anterior
to the femoral condyles. The tensioned graft was then fixed
to a screw post on the medial tibia. The PM bundle posterior
tibial tendon graft was tensioned and fixed separately on
the tibia with the knee at 0°, 60°, 90°, and 120° of flexion.

From the results of the 1 specimen trial in which the
flexion angle at which the PM graft was tensioned and

fixed was varied (Tables A1 and A2), it was judged that the
double-bundle reconstructions with the AL and PM grafts
both tensioned and fixed at 90° of flexion provided knee
positions and laxities that most closely mimicked normal.
This protocol was used in the double-bundle reconstruction
in the subsequent tests in this study.

TABLE A1
Posterior Tibial Translation (mm)

With 85-N Posterior Force

Flexion

60° 90°

Intact 6.3 3.1
Double posteromedial bundle

Tensioned at 0° 9.2 8.9
Tensioned at 60° 4.8 6.1
Tensioned at 90° 3.9 2.5
Tensioned at 120° 3.3 0.3

TABLE A2
Total Tibial Translation (mm)

With 85-N Anterior-Posterior Forces

Flexion

60° 90°

Intact 18.9 8.3
Double posteromedial bundle

Tensioned at 0° 23.2 18.5
Tensioned at 60° 20.1 15.1
Tensioned at 90° 15.3 8.7
Tensioned at 120° 14.9 8.5



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


